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PART  I-DESIGN  AND  CONSTRUCTION 


SECTION  1 
ELEMENTS  OF  STRUCTURAL  THEORY 


DEFINITIONS 


1.  Stracture. — A  atnidure  is  a  part,  or  an  assemblage  of  parts,  constructed  to  support 
certain  definite  loads.  Structures  are  acted  upon  by  external  forces  and  these  external  forces 
are  held  in  equilibrium  by  internal  forces,  called  stresses, 

8.  Member. — ^A  member  or  piece  of  a  structure  is  a  single  unit  of  the  structure,  as  a  beam, 
a  column,  or  a  web  member  of  a  truss. 

8.  Beam. — A  beam  is  a  structural  member. which  is  ordinarily  subject  to  bending  and  is 
usually  a  horizontal  member  carrying  vertical  loads.  In  a  framed  floor,  beams  are  members 
upon  which  rest  directly  the  floor  plank,  slab,  or  arch. 

A  simple  beam  is  one  which  rests  on  supports  at  the  ends.  A  cantilever  beam  is  a  beam  hav- 
ing one  end  rigidly  fixed  and  the  other  end  free.  Extending  a  simple  beam  beyond  either  sup- 
port gives  a  combination  of  a  ample  beam  and  a  cantilever  beam.  A  beam  with  both  ends  free 
and  balanced  over  a  support  is  also  called  a  cantilever  beam.  A  restrained  beam  is  one  which  is 
more  or  less  fixed  at  one  or  both  points  of  support.  A  buiU-4n  or  fixed  beam  is  a  beam  rigidly 
fixed  at  both  ends.      A  continuous  beam  is  one  having  more  than  two  points  of  support. 

4.  Girder. — A  girder  is  a  beam  which  receives  its  load  in  concentrations.  In  a  framed 
floor  it  supports  one  or  more  cross  beams  which  in  tu^-n  carry  the  flooring.  The  term 
"girder''  is  also  applied  to  any  large  heavy  beam,  especially  a  built-up  steel  beam  or  plate 
girder.  In  Bethlehem  steel  sections  the  terms  "beam''  and  "girder"  are  used  to  denote 
rolled  sections  of  different  proportions  (see  Sect.  2,  Art.  2b). 

6.  ColumiL — A  column^  strut  or  post  is  a  structural  member  which  is  compressed  endwise. 
A  strut  is  usually  considered  of  smaller  dimensions  than  either  a  column  or  post. 

6.  Tie. — ^A  ^  is  a  structural  member  which  tends  to  lengthen  under  stress. 

7.  Truss. — ^A  truss  is  a  framed  or  jointed  structure.  It  is  composed  of  straight  members 
which  are  connected  only  at  their  intersections,  so  that  if  the  loads  are  applied  at  these  inter- 
sections the  stress  in  each  member  is  in  the  direction  of  its  length.  Each  member  of  a  truss 
is  either  &tieoT  &  strut. 

The  span  of  a  roof  truss  is  the  horizontal  distance  in  feet  between  the  centers  of  supports. 
The  rise  is  the  distance  from  the  highest  point  of  the  truss  to  the  line  joining  the  points  of  sup- 
port. The  pitch  is  the  ratio  of  the  rise  of  the  truss  to  its  span.  The  upper  or  top  chord  con- 
sists of  the  upper  line  of  members.  The  lower  chord  consists  of  the  lower  line  of  members. 
The  v)eb  members  connect  the  joints  of  the  upper  chord  with  those  of  the  lower  chord. 

8.  Force. — Force  is  that  which  tends  to  change  the  state  of  motion  of  a  body,  or  it  is  that 
which  causes  a  body  to  change  its  shape  if  it  is  held  in  place  by  other  forces. 

9.  Outer  Forces. — The  external  or  outer  forces  acting  upon  a  structure  consist  of  the  ap- 
plied loads  and  the  supporting  forces,  called  reactions. 

10.  Inner  Forces. — The  internal  or  inner  forces  in  a  structure  are  the  stresses  in  the  different 
members  which  are  brought  into  action  by  the  outer  forces  and  hold  the  outer  forces 
in  equilibrium. 

11.  Dead  Load. — Dead  load  is  the  weight  of  a  structure  itself  pl\is  any  permanent  loads. 
In  design,  the  weight  of  the  structure  must  be  assumed;  and  the  design  corrected  later  if  the 
assumed  weight  is  very  much  in  error.  Brick  and  concrete  construction  have  the  largest  dead 
load  relative  to  the  total  load. 
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18.  Live  Load. — Live  Uxid  is  any  moving  or  variable  load  which  may  come  upon  the 
structure — as,  for  example,  the  weight  of  people  or  merchandise  on  a  floor,  or  the  weight  of 
snow  and  the  pressiire  of  wind  on  a  roof.  The  total  load  or  dead  load  plus  live  load  must  be 
used  in  design.  In  addition  the  dynamic  effect  or  impact  of  the  live  load  must  often 
be  considered. 

18.  Statically  Determinate  Structures. — A  structure  is  statically  determinate  when  both 
outer  and  inner  forces  may  be  determined  by  the  aid  of  statics.  If  ail  the  outer  forces  may  be 
found  by  statics,  the  structure  is  said  to  be  statically  determinate  with  respect  to  the  outer  forces 
whether  or  not  it  is  possible  to  determine  the  inner  forces  by  the  same  means  (see  definition,  of 
"Statics,"  Art.  30). 

Wooden  beams,  inn-connected  trusses,  and  steel  beams  resting  on  horizontal  supports 
are  ordinarily  statically  determinate.  Small  riveted  trusses  and  steel  beams  in  a  framed  floor 
are  commonly  assumed  in  design  as  statically  determinate. 

14.  Statically  Indeterminate  Structures. — Structures  which  cannot  be  statically  deter- 
mined are  those  which  the  equations  of  statics  will  not  sufiice  to  design.  All  rigidly  connected 
building  frames  are  statically  indeterminate. 

STRESS  AND  DEFORlfATION 
By  Walter  W.  Clippord 

16.  Stress. — Stress  is  the  cohesive  force  in  a  body  which  resists  the  tendency  of  an  external 
force  to  change  the  shape  of  the  body.  For  example,  if  a  steel  rod  supports  a  load  or  force  of 
30,000  lb.,  it  has  in  it  a  stress  of  30,000  lb.    This  is  called  the  total  stress. 

If  a  force  tends  to  stretch  a  member,  the  resulting  stress  is  called  tension  or  tensile  stress. 
If  a  force  tends  to  shorten  a  member,  the  resulting  stress  is  called  compression  or  compressvoe 
stress. 

If  the  above-mentioned  rod  has  a  cross-sectional  area  perpendicular  to  its  axis  of  2  sq.  in., 
and  the  load  is  uniformly  distributed,  it  has  a  unit  stress  or  intensity  of  stress  of  15,000  lb.  per  sq. 
in. — ^that  is,  the  unit  stress  is  the  total  uniformly  distributed  stress  divided  by  the  cross-sec- 
tional area,  or  /  =  -r  • 

If  the  load  on  a  member  is  increased  until  the  member  fails,  the  highest  unit  stress  sustained 
is  called  the  uUimate  stress.  Some  materials,  notably  s'leel,  after  being  stressed  to  the  ultimate, 
sustain  a  gradually  lessening  load  imtil  failure.  The  unit  load  at  failure  is  called  the  rupture 
stress  (see  Fig.  1). 

16.  Deformation. — ^Whenever  any  material  is  subjected  to  the  action  of  a  force,  it  changes 
shape.  This  change  in  shape  is  called  deformation  or  strain.  The  former  term  will  be  used 
in  this  book.     The  deformation  per  unit  of  length  is  called  the  unit  deformation. 

All  structural  materials,  within  the  limits  of  working  stresses,  follow  very  closely  Hooke's 
Law  which  is  that  deformation  is  proportional  to  stress.  Thus,  if  a  force  of  1000  lb.  stretches 
a  rod  1  in.,  a  force  of  2000  lb.  will  stretch  the  same  rod  2  in. 

17.  Modulus  of  Elasticity. — The  ratio  between  stress  and  deformation  is  commonly  called 
the  modulus  of  elasticity,  which  term  will  be  used  in  this  book.  Coefficient  of  elasticity  and 
Young's  modulus  are  synonymous  with  modulus  of  elasticity.    The  value  of  the  modulus  of 

elasticity  varies  with  different  materials,  but  in  any  case  E  ^  ^y  where /is  the  unit  stress  and 

3  is  the  deformation  per  unit  of  length.  The  same  linear  unit  must  be  used  in  computing  the 
unit  stress  as  for  measuring  the  deformation.  This  unit  is  commonly  the  inch,  except  where  the 
metric  system  is  used.  It  may  be  noted  from  the  curves  (Pigs.  1-4)  that  the  modulus  of  elastic- 
ity is  the  tangent  of  the  angle  which  the  stress-deformation  curve  makes  with  the  horizontal 
axis. 

18.  Elastic  Limit  and  Yield  Point. — The  elastic  limit  is  the  stress  at  which  the  ratio  of  stress 
tiO  d^fprm^tipn  ceases  to  be  constant    Yield  point  is  the  stress  at  which  deformation  increases 
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without  additional  load.     Tlieee  terms  are  bcBt  illustrated  in  the  curve  for  steel  (Fig.  1).     The; 

are  not  clearly  defined  in  the  curves  of  other  mate'iala. 

19.  Streas  and  Deformatioii  CorreB. — The  tyiucal  curves  shown  (Figa.   1-4)  indicate 

graphically  the  i  elation  between  stress  and  deformation  for  four  common  building  materials. 

The  portions  of  the  curves 
above  the  hoiiiontal  axis  are 
for  tension;  the  portions  be- 
low are  for  compression.  It 
will  be  not«d  that  the  con- 
crete curve  (Fig.  4)  is  curved 
throughout.  Within  work- 
ing streeaes,  however,  the 
curve  variea  so  little  from 
a  straight  line  that  the 
modulus  of  elasticity  b  as- 
sumed constant. 

SO.  Shear  and  Torsion. 
In  addition  to  direct  Btresaea, 
namely  tension  and  com- 
pression, bodies  may  be 
subjected  to  shear  and  tor- 
sion. Shear  is  caused  by  a 
force  tending  to  make  the 
part  of  a  body  on  one  aide 
of  a  plane  slide  by  the  other 
beam  design  and  occurs  in  other  members. 
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FiQ.  I, — Stresa-defomiktiaa  diagnm  for  steel 


part.    This  is  an  important  steees  to  consider  ii 

Tortion  is  twisting  streaa.     It  is  seldom  of  importance  in  structural  design  although  it  may 

occur  in  such  membera  as  spandrel  beams  with  rigidly  connected  slaba. 

SI,  Axial  and  Combined  StreucB. — When  a  force  acts  parallel  to  the  axte  of  a  member  and 
at  the  center  of  gravity  of  its  croB»'seotion,  it  produces  what  is  called  axial  tlrMs.     Such  stress 


Fia.  3.— Strw».(ietoriiiBiion  Fio.  3. — StRM-dsformftticm  Fio.  *.— 8t»»*Jefonii»tioii 

diB|:TBm  for  caat  irou.  dUsr«m  for  timber.  diacTBTn  for  oouonte- 

is  uniformly  distributed  over  the  cross-section.  A  force  parallel  to  the  axis  of  a  member  but  not 
acting  along  this  axis  is  called  an  eccentric  force.  It  is  equivalent  to  an  axial  force  of  like  amoimt 
and  a  couple  whose  moment  is  equal  to  the  product  of  the  force  by  the  normal  distance  from  the 
'orce  to  the  axis  of  the  member.     Thus  an  eccentric  force  as  described  above  produces  eomhined 
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atressM.  The  axial  stresses  may  be  considered  separately  from  those  due  to  moment,  and  the 
resulting  stresses  added  to  obtain  the  total  stress  at  any  point.  For  cases  of  combined  stresses 
which  are  not  paralleli  as  horizontal  and  vertical  shear,  or  shear  and  direct  stress,  the  combined 
stress  must  be  figured  by  methods  given  in  the  chapter  on  ''Simple  and  Cantilever  Beams." 

22.  Beoding  Stress  and  Modulus  of  Rupture. — Bending  stresses  are  stresses  induced  by 
loads  perpendicular  to  the  member.  Modtdus  of  rupture  is  the  maximum  bending  stress 
computed  on  the  assumption  that  elastic  conditions  exist  until  failure.  Bending  stress  is  dis- 
cussed in  the  chapter  on  ''  Simple  and  Cantilever  Beams.  *' 

28.  Stiffness. — Stiffness  is  a  term  used  with  reference  to  the  rigidity  of  structural  members. 
In  columns  or  struts  it  refers  to  their  lateral  stability;  t.6.,  by  a  stiff  column  is  meant  one  with  a 
small  ratio  of  length  to  least  radius  of  gyration,  as  compared  to  a  slender  column.  In  the  case 
of  beams,  stiffness  refers  to  lack  of  deflection  rather  than  to  strength. 

24.  Factor  of  Safety  and  Working  Stress. — The  stress  used  in  design  is  called  the  working 
or  aUowable  stress.     It  is  obtained  by  dividing  the  ultimate  stress  by  the  factor  of  safety. 

The  working  stresses  usually  employed  apply  to  static  loads  only.  Proper  allowance  for 
the  dynamic  effect  of  the  live  load  should  be  taken  into  account  by  adding  the  desired  amount 
to  the  live  load  to  produce  an  equivalent  static  load  before  applying  the  unit  stresses  in  pro- 
portioning parts.  An  allowance  for  impact  will  be  necessary  only  in  special  cases,  as  in  the  case 
of  floors  supporting  heavy  machinery.  The  amount  to  add  to  the  live  load  because  of  impact 
will  vary  from  25  to  100%  depending  upon  the  proportion  of  the  specified  live  load  which  may 
be  subject  to  motion. 

The  factor  of  safety  is  dependent  upon  many  things.  Among  the  most  important  are:  the 
reliability  of  the  material,  type  of  failure,  kind  of  loading,  and  consequences  of  failure. 

24a.  Reliability  of  the  Material. — There  is  always  the  possibility  of  the  indivi- 
dual piece  of  the  material  falling  below  the  average  strength  of  test  pieces.  Steel,  manufac- 
tured under  almost  laboratory  conditions,  is  the  most  reliable  of  materials.  In  common  practice 
it  is  used  with  a  factor  of  safety  of  about  4.  Timber,  on  the  other  hand,  varies  greatly 
in  strength  and  there  is  difficulty  in  inspecting  and  testing  it  thoroughly.  It  has  therefore  been 
considered  as  somewhat  unreliable  and,  for  this  and  other  reasons,  safety  factors  as  high  as  10 
have  commonly  been  used.  At  the  present  time,  recent  tests  of  the  U.  S.  Forest  Service  and 
other  laboratories,  together  with  the  branding  of  timbers  by  some  lumber  associations  to  insure 
its  quality,  have  greatly  reduced  the  need  of  a  high  factor  of  safety  on  timber.  Cast  iron  is 
commonly  used  with  a  factor  of  safety  as  high  as  10,  partly  on  account  of  uncertainties  in  its 
manufacture  and  partly  on  account  of  its  method  of  failure.  Concrete  is  used  in  the  best 
practice  with  safety  factors  varying  from  about  3  for  bending  to  about  5  for  diagonal  tension. 
The  factor  of  safety  of  concrete,  however,  is  complicated  by  another  factor;  namely,  the  in- 
crease in  the  strength  of  the  material  with  age.  Working  stresses  are  based  upon  ultimate 
strengths  of  30-day  old  concrete.  At  the  end  of  a  year  the  strength  of  concrete  b  about  50% 
more  than  that  at  30  days. 

Possible  deterioration  of  materials,  such  as  reduction  of  section  in  exposed  steel  work, 
due  to  rust,  must  be  considered  in  connection  with  reliability. 

24b.  Type  of  Failure. — Materials  which  fail  gradually  and  with  plenty  of  warning 
like  steel  are  obviously  entitled  to  a  lower  factor  of  safety  than  brittle  materials  like  cast  iron. 
lAunber  is  about  midway  in  this  range.  Concrete,  well  reinforced,  can  be  classed  with  steel  in 
method  of  failure,  while  plain  concrete  is  distinctly  in  a  class  with  cast  iron. 

24c.  Kind  of  Loading. — ^A  large  proportion  of  dead  load,  or  of  live  load  fixed  in 
amount  and  point  of  application,  will  require  a  smaller  safety  factor  than  loads  largely  live 
and  uncertain.  Also  the  possibility  of  the  maximum  combination  of  loads  occurring,  and  the 
probable  duration  and  frequency  of  this  combination  must  be  considered.  A  common  illustra- 
tion of  this  point  is  the  allowance  of  a  higher  fiber  stress  (thus  lower  factor  of  safety)  in  build- 
ings, for  stresses  due  to  a  combination  of  maximum  live  and  wind  loads. 

24d.  Consequences  of  Failure. — Where  loss  of  life  would  be  the  result  of  failure, 
the  factor  of  safety  must  be  such  as  to  make  work  safe  beyond  reasonable  doubt,  but  where  the 
loss  due  to  failure  would  be  material  only;  it  is  a  question  of  balancing  amount  of  loss  in  case  of 
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failure  and  probability  of  failure,  against  the  saving  by  using  a  higher  fiber  stress.  Thus  tem- 
porary const]  uction  will  have  a  smaller  factor  of  safety  than  permanent  construction,  and  con- 
crete forms  a  lower  factor  6han  floor  beams. 

26.  Working  Load  or  Safe  Load. — The  product  obtained  by  multiplying  the  cross-sec- 
tional area  of  a  column  or  tie  by  the  working  or  allowable  unit  stress  is  called  the  working  load 
or  safe  load  of  a  member.  For  a  beam,  the  safe  load  is  that  load  which  will  stress  the  most- 
stressed  fibers  to  the  allowable  unit  stress. 

26.  Ratio  of  Moduli  of  Blasticity  in  Combination  Members. — When  two  materials,  rigidly 
joined,  are  used  in  a  structural  member,  it  is  obvious  that  their  deformations  must  be  equal. 

By  definition,  E  =  -  or  /  «  E6.    Therefore,  the  deformations  being  equal,  the  stresses  must  be 

proportional  to  the  relative  moduli  of  elasticity.  The  once-common  Flitch  girder,  composed 
of  wood  and  steel,  is  an  illustration  of  the  use  of  two  materials  in  the  same  member.  A  concrete 
member  reinforced  with  steel  is  a  more  common  illustration.  It  is  plain  that  in  a  reinf orced- 
concrete  column  the  vertical  steel  rods  and  the  concrete  shaft  are  compressed  an  equal  amount. 

Let  this  unit  deformation  be  denoted  by  6.     The  concrete  stress  then  is/e  »  6Ec,  and  the  steel 

f         fi  E*         E  W  W 

stress  /.  =  dE,.  Thus  j  '^  J^  ^  Y^  *^^  ^'  '^  ^'W'  '^^  ^^^^  Y  ^  ^^^  **•  "^^  modulus 
of  elasticity  of  steel  is  fairly  constant  at  30,000,000  lb.  per  sq.  in.  while  E  for  concrete  varies 
from  760,000  to  3,000,000  lb.  per  sq.  in.,  giving  values  of  n  from  40  to  10.  The  most  used 
values  are  n  »  15  for  1: 2: 4  concrete,  and  n  =  12  for  1:  IJ^:  3  concrete. 

27.  Bond  Stress. — The  combined  action  of  steel  and  concrete  is  dependent  upon  the  grip 
of  concrete  upon  steel,  called  bond.  Denoting  the  allowable  bond  stress  per  square  inch  by  Uj 
the  load  which  a  rod  can  take  from  the  concrete  per  lineal  inch  is  urd  for  a  round  rod,  and  4ud 

rd^ 
for  a  square  rod.     The  allowable  stress  in  the  rod  is/,  -j-  for  round  rods  and/,d*  for  square  rods. 

The  length  of  embedment  of  a  straight  rod  necessary  to  develop  its  allowable  strength  is  there- 

/id 
fore  J--  (in  inches)  for  both  round  and  square  rods.     For  given  stresses  the  necessary  length  of 

embedment  is  easily  computed.     For  example,  let/«  »  10,000  lb.  per  sq.  in.  and  ti  =  80,  then 

I  =  j^  y  gQ   =»  31 4-  diameters.     Bond  stress  in  reinforced  concrete  beams  is  considered  in  the 

chapter  on  ''Simple  and  Cantilever  Beams.'' 

28.  Shrinkage  and  Temperature  Stresses. — Shrinkage  is  a  function  of  materials  which  are 
poured  in  a  semi-liquid  state  and  then  harden  by  cooling  or  by  chemical  action.  Such  materials 
are  cast  iron  and  concrete.  A  cast-iron  member  should  be  designed  so  that  in  cooling  it  will 
not  shrink  unequally  and  cause  stresses  which  may  crack  it.  For  this  reason  adjacent  parts 
should  be  made  of  nearly  equal  thickness,  and  filets  should  be  used  at  all  angles  and  corners. 

Ck)ncrete  shrinks  when  setting  in  air  and  expands  when  setting  under  water  If  the  ends 
of  a  concrete  structure  be  rigidly  fixed,  stress  will  be  developed  equal  to  that  required  to  change 
the  length  by  the  amount  of  the  deformation  which  would  occur  if  the  ends  were  free,  or  /  «  hE. 

All  bodies  change  in  length  with  changes  in  temperature,  expanding  with  heat  and  contract- 
ing with  cold.  The  coefficient  of  expansion  is  the  change  in  length,  per  unit  of  length,  per 
degree  change  in  temperature.  The  total  change  in  length  of  a  body  for  a  given  change  of  tem- 
perature may  be  found  by  multiplying  this  coefficient  by  the  length  and  the  change  of  tempera- 
ture in  degrees.  The  fact  that  the  coefficient  of  expansion  is  practically  alike  for  both  steel 
and  concrete  is  an  important  factor  in  their  combined  use.  As  in  the  case  of  shrinkage  stresses, 
a  tendency  to  change  of  length  in  a  member  fixed  at  the  ends  induces  stress  equal  to  that  which 
would  cause  the  computed  change  in  length;  that  is  /  »  6E.  This  may  be  an  important  factor 
to  consider  in  almost  any  form  of  steel  or  concrete  construction.  In  wood  construction  there  is 
usually  sufficient  play  at  columns  to  take  up  any  expansion. 

29.  Poisson's  Ratio. — Whenever  bodies  elongate  under  stress,  they  shrink  laterally;  and 
conversely  when  they  are  compressed,  under  a  load,  they  expand  at  right  angles  to  the  direction 
of  the  load.  The  ratio  of  deformation  normal  to  stress,  to  deformation  parallel  to  stress  is 
called  Poi88on*8  ratio.     This  is  commonly  taken  as  about  J^  for  metals  and  ^i  for  concrete. 
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PRINCIPLES  OF  STATICS 
Bt  Georgb  a.  Hool 

80.  StftticB. — Definition. — Statics  is  the  science  which  treats  of  forces  in  equilibrium. 

81.  Elements  of  a  Force. — A  force  acting  upon  a  body  is  completely  known-  when  its 
general  diredion^  point  of  applicatUm  and  magnitude  are  given. 

A  straight  line  with  arrowhead  may  be  used  in  representing  these  elements,  as  shown  in 
Fig.  6.  The  angle  that  the  line  makes  with  the  vertical  and  the  arrowhead  determine  the 
general  direction  of  the  force  exerted  upon  the  body  B  The  general  direction  and  the  point  of 
application  completely  determine  the  line  of  action. 

The  external  effect  of  a  force  upon  a  rigid  body  is  the  same,  no  matter  at  what  point  of  the 
body  along  the  line  of  action  the  force  id  applied. 

Forces  are  given  in  pounds  and  the  length  of  lines  are  measured  in  inches.  If  the  scale 
of  force  be  5000  lb.  to  the  inch,  a  line  0.20  in.  long  would  represent  a  force  of  1000  lb. ;  that  is, 
5000  X  0.20  «  1000.     A  line  1.55  in.  long  would  represent  a  force  of  7750  lb. ;  or,  vice  versa, 

7750 
7750  lb.  would  be  represented  by  a  line  ^r^  «■  1.55  in.  long.  i 

An  engineer's  scale  should  be  used  in  laying  off  the  lengths  of     ^btrf  of        X^  V^''^' 
Unes  to  represent  the  magnitude  of  forces,  or  in  scaling  such  lines.    AppUoatf^n-^ 

and  using  the  scale  divided  into  40ths,  a  fbrce  of  1750  lb.  would  be  tl}^; Tlf.aA^^ 

represented  by  a  line  17}^  divisions  in  length.     If  the  scale  of 
force  is  assumed  to  be  400  lb.  to  the  inch,  the  same  force  would  be  Fxo.  5. 

represented  by  175  divisions. 

82.  Concentrated  Force. — A  cxmoerdraUd  force  is  one  whose  place  of  application  is  so  small 
that  it  may  be  considered  to  be  a  point. 

88.  Distributed  Force. — A  distritnUed  force  is  one  whose  place  of  application  is  an  area. 
A  distributed  force  may  often  be  considered  as  a  concentrated  force  acting  at  the  center  of  the 
contact  area. 

84.  Concurrent  and  Non-concurrent  Forces. — Forces  are  said  to  be  concurrent  when  their 
lines  of  action  meet  in  a  point;  non<oncurrent  when  their  lines  of  action  do  not  meet  in  this 
manner. 

86.  Coplanar  and  Non-coplanar  Forces. — Forces  may  lie  in  the  same  plane  or  in  different 
planes;  that  is,  they  may  be  either  coplanar  or  non-coplanar  forces. 

86.  Equilibrium  of  Forces. — When  a  number  of  forces  act  upon  a  body  and  the  body  does 
not  move,  or  if  moving  does  not  change  its  state  of  motion,  then  the  forces  considered  are  said 
to  be  in  equilibrium.  Any  one  of  the  forces  balances  ali  the  other  forces  and  it  is  called  the 
equilibrant  of  those  other  forces. 

87.  Resultant  of  Forces. — A  single  force  which  would  produce  the  same  effect  as  a  number 
of  forces  is  called  the  resultant  of  those  forces.  The  process  of  finding  the  single  force  is  called 
composition. 

It  is  evident  from  the  above  that  the  equilibrant  and  resultant  o^  a  number  of  forces  are 
equal  in  magnitude,  act  along  the  same  line,  but  are  opposite  in  direction. 

88.  Components  of  a  Force. — Any  number  of  forces  whose  combined  effect  is  the  same  as 
that  of  a  single  force  are  called  components  of  that  force.  The  process  of  finding  the  components 
is  called  resoliUion. 

39.  Moment  of  a  Force. — The  moment  of  a  force  with  respect  to  a  point  is  the  measure 
of  the  tendency  of  the  force  to  produce  rotation  about  that  point.  It  is  equal  to  the  magnitude 
of  the  force  multiplied  by  the  perpendicular  distance  of  its  line  of  action  from  the  given  point. 
The  point  about  which  the  moment  is  taken  is  called  the  origin  (or  center)  of  moments,  and 
the  perpendicular  distance  from  the  origin  to  the  line  of  action  is  called  the  lever  arm  (or  arm)  of 
the  force.  When  a  force  tends  to  cause  rotation  in  the  direction  of  the  hands  of  a  clock,  the 
moment  is  usually  considered  positivCy  and  in  the  opposite  direction,  negative. 

40.  Couple. — ^A  couple  consists  of  two  equal  and  parallel  forces,  opposite  in  direction,  and 
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having  different  lines  of  action.  The  perpendicular  distance  between  the  lines  of  action  of  the 
two  forces  is  called  the  arm  of  the  couple.  The  moment  of  a  couple  about  any  point  in  the  plane 
of  the  couple  is  equal  to  the  algebraic  sum  of  the  moments  of  the  two  forces,  composing  the 
couple,  about  that  point.  (Algebraic  sum  of  the  moments  means  the  sum  of  the  moments  of 
the  forces,  considering  positive  moments  plus  and  negative  moments  minus.) 

In  Fig.  6  assume  Fi  equal  and  parallel  to  Ft,  and  consider  these  forces  to  act  upon  the 
body  shown.    Fi  and  Ft  will  cause  rotation  of  the  body  and  this  rotation  will  occur  about  any 

point  in  the  same  plane  as  the  couple,  provided  the  body  is  pivoted  at 

that  point.    Consider  the  body  to  be  pivoted  at  0  in  the  same  plane 

with  the  foices.     The  moment  of  Fi  about  the  point  0  is  Fi(r  -|-  r'), 

and  the  moment  of  Ft  about  the  same  point  is  Ftr\     The  moment  of  Ft 

is  positive  and  the  moment  of  Fi  is  negative.     Then  the  moment  of 

the  couple  is  equal  to  Fir'  —  Fi(r  -\-  r')  =  —Fir.      The  moment  of  a 

couple  is  thus  equal  to  one  of  the  forces  multiplied  by  the  perpendicular 

distance  between  the  lines  of  action  of  the  forces.     Since  O  is  any  point 

in  the  plane  of  the  couple,  it  is  evident  that  the  moment  of  the  couple 

is  independent  of  the  origin  of  moments:  that  is,  a  couple  may  be  transferred  to  any  place  in 

its  plane  or  rotated  through  any  angle  and  its  effect  will  remain  the  same.     It  foUows  also 

that  any  couple  may  be  replaced  by  another  of  the  same  moment  in  the  same  plime. 

41.  Space  and  Force  Diagrams. — In  solving  problems  in  statics  graphically,  it  is  convenient, 
in  all  except  the  most  simple  problems,  to  draw  two  separate  figures,  one  showing  the  lines  of 
action  and  the  other  the  magnitudes  and  directions  of  the  forces.  The  former  is  called  the  space 
diagram,  and  the  latter  the  force  diagram. 

Notation  used  in  the  graphical  solution  of  all  problems  in  this  chapter  is  explained  in  Art. 
42d,  p.  9. 

42.  Composition,  Resolution  and  Equilibrium  of  Concurrent  Forces. 

42a.  Composition  of  Two  Concurrent  Forces. — In  Fig.  7  let  forces  Fi  and  Ft 
which  are  concurrent  forces  acting  at  the  point  O,  be  repre- 
sented in  magnitude  and  direction  by  OA  and  OB  respectively. 
From  ^  draw  BC  paiallel  to  OA,  and  from  A  draw  AC  parallel 
to  OB,  Join  the  point  of  intersection  C  with  0.  The  line  OC 
represents  the  magnitude  of  a  single  force  R  which  would  pro- 
duce the  same  effect  as  the  forces  Fi  and  Ft.  Thus  R  is  the  O 
resultant  of  Fi  and  Ft.  A  force  equal  and  opposite  in  direc- 
tion to  R  and  with  the  same  line  of  action  would  be  the  equi- 
librant  of  Fi  and  Ft,  since  it  would  hold  them  in  equilibrium.  F]  and  Ft  are  components  of  R. 
It  is  not  necessary  to  construct  the  entire  parallelogram  since  either  triangle  OAC  or  OBC 
will  suffice.  Either  of  these  triangles  is  called  a  force  triangle  and  either  one,  if  constructed, 
is  sufficient  to  give  the  value  of  the  resultant  and  the  equilibrant  of  forces  Fi  and  Fj. 

It  is  convenient  to  solve  the  force  triangle 
algebraically  where  the  angle  between  the  lines 
of  action  of  two  forces  is  00  deg.  In  Fig.  8  the 
angle  between  the  lines  of  action  of  Fi  and  Ft 
is  90  deg.  It  is  required  to  find  the  value  of 
C    the  resultant  R.     Since  ABC  is  a  right  triangle 


Fig.  7. 


^    A 


Fio.  8. 


or 


AB*  =  AC^  +  BC* 
R  =  \/Fi«  +  Fi^ 
The  direction  of  the  resultant  R  is  decided  by  the  angle  K.     K  may  be  determined  as 

follows: 

BC      Ft 


tan  K  = 


AC  ""Fi 


426.  Resolution  of  a  Force  into  Components. — If  the  resultant  R  is  given  at 
the  point  O,  Fig.  9,  and  it  is  desired  to  obtain  two  components  of  R  parallel  to  the  lines  o'a'  and 
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o'b',  then  OC  is  first  drawn  equal  in  magnitude  and  parallel  to  R,  OB  ia  drawn  from  O  parallel 
to  o'b\  and  CB  is  drawn  from  C  parallel  to  o'a'  and  the  lengths  of  the  lines  OB  and  BC,  when 
scaled  from  the  drawing,  give  the  magnitudes  of  the  two  components  desired. 

When  components  are  required  making  90  deg.  with  each  other,  the  magnitude  of  these 
forces  may  easily  be  determined  algebraically.  Thus,  if  A  in  Fig.  8  is  known  and  the  compo- 
nents Fi  and  Ft  are  required^ 

Ft  '^  RcoaK 
Ft  -  fi  sin  X 

42c.  Equilibrium  of  Three  Concurrent  Forces. — If  R  in  Fig.  8  or  Fig.  9  had 
the  opposite  direction  to  that  shown,  the  direction  of  the  forces  would  follow  in  order  around 
the  sides  of  the  triangle.  A  force  opposite  in 
direction  to  R  and  with  the  same  line  of  action 
would  be  the  equilibrant  of  the  forces  f  i  and 
Ft  and  the  three  forces  would  be  in  equilibrium. 
Thus,  if  three  forces  be  represented,  in  magni- 
tude and  direction,  by  the  three  sides  of  a  tri- 
angle taken  in  order,  then,  if  these  forces  be 
simultaneously  applied  at  one  point,  they  will 
balance  each  other.     Conversely,  three  forces 

which,  when  simultaneously  applied  at  one  point,  balance  each  other,  can  be  correctly  repre- 
sented in  magnitude  and  direction  by  the  three  sides  of  a  triangle  taken  in  order. 

42d«  Composition  of  Any  Nimiber  of  Concurrent  Forces. — In  Fig.  10  assume 
that  the  resultant  of  tbe  four  concurrent  forces  Fi,  Fs,  Ft,  and  F4  is  to  be  found.  This  may  be 
done  by  finding  the  resultant  of  two  forces,  then  by  combining  this  resultant  with  a  third 
force  to  find  a  second  resultant,  and  so  on  until  all  the  forces  are  combined  and  the  resultant 
of  all  the  forces  determined. 

The  resultant  of  the  force  Fi  and  Ft  is  Ri,  determined  by  the  force  triangle  RiFiFta,  Fu 
being  drawn  parallel  to  Ft.    In  the  same  manner  Rt  is  the  resultant  of  Ri  and  Ft,  also  Rt 

P  is  the  resultant  of  Rt  and  F4.    R%  or  R 

——^—-7  is  then  the  resultant  of  the  four  forces, 

-f  Fi,  Fj,  F|,  and  F4.      Fi,  Fi«,  Fi«,  Fu, 

^  ^  and  Rt  form  a  closed  polygon.     Fta, 

Faa,  and  F^  are  parallel  and  equal  in 
magnitude  to  forces  Ft,  F|,  and  F4 
respectively,    being   drawn    so.      A 
closed  polygon  called  the /oroe  polygon 
can,  therefore,  be  drawn  by  drawing  in  succession,  lines 
parallel  and  equal  to  the  given  forces,  each  line  begin- 
ning where  the  preceding  one  ends  and  extending  in  the 
same  direction  as  the  force  it  represents.     The  line 
joining  the  initial  to  the  final  point  represents  the  re- 
sultant  in   magnitude   and  direction.      The  diagram 
ABODE  shows  the  polygon  as  it  is  generaUy  drawn 
with  the  diagonals  omitted.      It  makes  no  difference  in 
what  order  forces  are  arranged  in  the  force  polygon 
since  the  magnitude  and  direction  of  the  resultant  ob- 
tained will  be  the  same. 

Notation  used  in  the  graphical  solution  of  all 
problems  in  this  chapter  is  shown  in  Fig.  10.  In  the  space  diagram  a  force  is  designated  by 
small  letters  placed  on  each  side  of  its  line  of  action.  In  the  force  diagram  corresponding  capital 
letters  are  placed  at  each  end  of  the  line  representing  the  magnitude  of  the  force.  For  ex- 
ample, force  Ft  is  designated  by  the  letters  be  in  the  space  diagram  and  by  the  line  BC  in  the 
force  diagram.     The  space  between  Fi  and  Ft  in  the  space  diagram  is  known  as  the  space  b. 
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Tbe  resultant  of  any  number  of  concurrent  forces  may  be  found  algebraically  in  the  fol- 
lowing manner:  Resoive  each  force  algebraically  into  componento  F^  and  F^  parallel  to  lines 
X  and  Y  respectively,  lines  X  and  Y  being  any  lines  at  right  angles  to  each  other  and  called 
rectangular  axes.  Let  R  represenc  the  resultant  of  all  forces  acting  at  the  given  point;  ZF, 
the  algebraic  sum  of  the  components  along  the  line  X ;  and  SFy  the  algebraic  sum  of  ail  thef  oroes 
along  the  line  Y,  ZF^  .will  then  be  the  component  of  R  along  the  line  X  and  XFy  will  be  the 
component  along  the  line  Y,    The  magnitude  of  22  is  then  given  by  the  formula 

R  -  \/(2/?,)«  -h  (2F.)« 
and  its  direction  by 


tan  B 


SF, 


$  being  the  angle  between  the  resultant  R  and  the  line  .Y.    Particular  attention  should  be  paid 
to  the  signs  of  XF^  and  SFy  in  order  to  properly  determine  the  direction  of  the  resultant. 

42e*  BquiUbrium  of  any  Number  of  Concuirent  Forces. — ^The  arrow  of  the 
resultant  R  in  Fig.  10  opposes  the  arrows  of  the  other  forces  in  following  around  the  force 
polygon.  A  force  equal  and  opposite  to  R  would  be  the  equilibrant  of  the  forces  or,  in  other 
words,  the  forces  would  be  in  equilibrium.  Thus  if  a  closed  force  polygon  can  be  drawn  for  a 
system  of  concurrent  forces,  the  forces  considered  are  in  equilibrium ;  and  conversely,  that  for 
a  system  of  concurrent  forces  in  equilibrium  the  force  polygon  must  close. 

Suppose  a  number  of  forces  in  equilibrium  and  acting  at  a  single  point  on  a  given  body 
be  resolved  into  components  in  two  directions  at  right  angles  to  each  other;  horizontal  and  ver- 
tical, for  example.  The  body  will  evidently  be  in  equilibrium  under  the  action  of  these  com- 
ponent forces  since  they  produce  the  same  effect  as  their  resultants.  Moreover,  the  component 
forces  along  each  line  must  balance  or  the  body  would  move  along  that  line.  The  condition 
of  equilibrium  may  now  be  stated  in  a  different  way  than  above,  by  saying  that  the  algebraic 
sums  of  the  components  of  the  forces  along  each  of  two  lines  at  right  angles  to  each  other  must 
equal  zero.  (By  algebraic  9um  is  meant  the  sum  of  the  forces  considering  one  direction  plus 
and  the  opposite  direction  minus.) 

Iiet  ZH  represent  the  algebraic  sum  of  the  components  along  a  horizontal  line  and  let 
Z  V  represent  the  algebraic  sum  of  the  components  along  a  vertical  line.  Then  a  special  case  of 
the  above  condition  of  equilibrium  would  be  ZfT  »  0  and  SV  «  0. 

Problems  in  the  equilibrium  of  concurrent  forces  may  be  solved  either  graphically  or 
algebraically  if  the  number  of  unknowns  b  not  greater  than  two.  In  the  graphical  method  the 
two  unknowns  may  be  determined  by  the  closure  of  the  force  polygon,  while  in  the  algebraic 
method  the  two  unknowns  may  be  found  by  means  of  two  independent  equations  made  possible 
by  the  conditions  above  stated.  The  two  unknowns  which  may  be  determined  in  any  given 
case  are  the  magnitude  and  direction  of  one  force,  the  magnitudes  or  directions  of  two  forces, 
or  the  magnitude  of  one  and  the  direction  Of  the  other. 

niustrfttiTe  Problem. — A  boom  AB,  Fig.  11,  is  supported  in  a  horixontal  position  by  a  cable  AC  which  makes 
an  angle  of  30  deg.  with  the  boom.  A  load  of  8000  lb.  is  carried  at  point  A,  Determine  the  compression  in  the 
boam  AM  and  the  tension  in  the  cable  AC. 

The  concurrent  forces  at  A  are  in  equilibrium  and  these  forces  are  all 
known  in  direction.     Two  are  unknown  in  magnitude. 

Since  Fi  is  horisontal.  the  vertical  component  of  F  must  equal  3000  lb. 
in  order  that  Z  V  may  equal  sero  at  tbe  point  A. 

F  sin  30°  -  3000 

F  -  6000  lb. 
In  order  that  Z/f    -  0 

Fi  -  F  cos  30° 
Fi  -  6200  lb. 
DlttstratiTe  Problem. — The  crane  truss  shown  in  Fig.  12  is  loaded  with 
3000  lb.  at  L.     Determine  the  stresses  in  the  boom  ac\  the  tie  ah\  the  mast 
ad\  and  the  stay  hd. 


LM^  -  8«  +  15'  '  LN*  -  20»  +  16'  MP*  -  12«  +  9* 

LM   -  17  LN    -  25  MP   -  15 
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At  the  point  L  three  foroee  are  acting;  namely,  the  3000-lb.  load,  the  streoa  F  in  the  tie  a6.  and  the  etreM  Fi 
in  the  boom  ae.  Draw  the  force  polygon  ABC  by  laying  off  the  vertical  line  BC  equal  to  3000  lb.  (sinoe  weight  al- 
ways acts  vertically)  and  drawing  BA  and  CA  parallel  to  F  and  Fi  respectively. 

Since  there  is  equilibrium  in  the  crane  truss,  the  forces  acting  at  the  point  L  are  in  equilibrium.  Hence,  the 
force  polygon  should  close  and  the  forces  should  act  in  order  around  the  polygon.  If  the  drawing  is  made  to  scale, 
the  lines  BA  and  CA  represent  directly  the  magnitude  and  direction  of  F  and  Fi.  It  should  be  noticed  that  triangle 
ABC  is  simil|ur  to  triangle  LMN  and  it  is  not  necessary  to  construct  a  separate  force  polygon  if  the  crane  truss  is 


Fia.  12. 


drawa  to  some  scale  in  the  first  place.  For  example,  if  the  scale  used  for  drawing  the  truss  Lb  1  in.  ■•  2  ft.  then 
MN  M  6  in.  But  MN  represents  a  force  of  3000  lb.,  henoe,  the  scale  used  for  determining  the  forces  should  be 
i  in.  -  500  lb. 

F  and  Fi  may  also  be  solved  algebraically  as  follows: 


MN 


17 
12 


3000 


F  -  4250  lb. 


LN 
MN 


25 
12 


3000 
Fi  -  6250  lb. 

It  will  be  noticed  that  the  stress  Fi  acta  toward  the  point  L  or,  in  other  words,  it  is  the  stress  acting 
against  the  shortening  of  the  member  LN,  thus  denoting  compression.  The  force  F  is  the  stress  acting  against  the 
lengthening  of  the  member  LAf ,  thus  denoting  tension.  We  know  this  to  be  true,  and  we  have  then  a  general  rule, 
that,  when  a  force  is  shown  by  the  force  polygon  to  act  toward  the  point  of  application  of  the  forces,  the  stress 
caused  is  compression,  and,  when  a  force  is  shown  to  act  away  trom  the  point  of  application  of  the  forces,  the 
stress  caused  is  tension. 

A  force  polygon  ABD  should  next  be  drawn  for  the  forces  at  the  point  if.  The  force  F  is  now  known  and  the 
two  unknown  forces  Ft  and  Ft  may  be  found  in  the  same  manner  as  the  forces  F  and  Fi  were  obtained  from  the  force 
3000.  In  fact  it  should  be  remembered  that  when  the  forces  of  a  concurrent  system  in  equilibrium  are  all  known 
except  two,  the  magnitudes  and  directions  of  these  two  forces  may  be  determined  if  only  their  lines  of  action  are 
known. 

ffince  the  tangents  of  the  two  angles  MPN  and  LNK  are  each  equal  to  H>  the  angles  themselves  are  equal  and 
MP  is  parallel  to  LN,  Thus,  the  force  polygon  drawn  for  the  three  forces  F,  Ft,  and  Fs,  is  similar  to  triangle  LMN. 
If  the  crane  truss  is  drawn  to  scale,  no  separate  force  polygon  is  needed.  MN  and  Li\r,  if  properly  scaled,  will 
giro  the  magnitude  and  direction  of  Ft  and  Fs.  However,  it  is  not  even  necessary  to  scale  the  forces  in  this  case 
Since  it  is  evident  that  Ft  and  Ft  are  equal  in  magnitude  and  that  Fs  is  equal  to  the  weight;  that  is,  3000  lb. 

We  know  F  to  be  tension,  hence,  we  should  represent  it  as  acting  away  from  the  point  M.  The  arrows  must 
follow  in  order  around  the  force  triangle  ABD,  consequently,  Fs  is  compression  and  Ft  is  tension. 

Fs  and  Fs  may  also  be  solved  independently  as  follows: 

LM       17       4250 
12  ■    Ft 

Ft  -  3000  lb.  (same  as  the  weight). 
17   4250 
25  ' 


MN 


LM 
LN 


Ft 
Ft  -  6250  lb.  (same  as  Fi). 


Annotra 


-  4250  lb.  (tension) 
"  6250  lb.  (compression) 
—  3000  lb.  (compression) 
Fs  -  6250  lb.  (tension) 
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48.  Compositioii  and  Equilibriiiiii  of  Non-concurrent  Forces. 

4Sa.  Giaphical  Method. — When  several  forces  lying  in  the  same  plane  and 
acting  on  a  given  body  have  different  points  of  application,  so  that  their  lines  of  action  do  not 
intersect  in  the  same  point,  the  magnitude  of  the  resultant  may  be  found  graphically  by  com- 
pounding the  forces  in  the  same  manner  as  in  concurrent  systems.  Two  of  the  forces  may  be 
produced  until  they  intersect  and  their  resultant  found,  then  the  resultant  of  these  two  forces 
compounded  with  a  third,  then  the  resultant  of  the  first  three  compounded  with  the  fourth,  and 
so  on  until  the  resultant  of  idl  has  been  found. 

For  example,  it  is  required  to  determine  the  resultant  of  the  four  forces  shown  in  Fig.  13 
(a)  which  act  on  a  given  body.  Produce  forces  Fi  and  Fj  until  they  meet  at  the  point  o.  The 
resultant  of  these  forces  is  i2i,  the  magnitude  and  direction  of  which  is  determined  by  the  force 
triangle  ABC  in  Fig.  13  (&).     Produce  Ri  until  it  intersects  the  third  force  Ft  at  m.     Rt  is  the 

resultant  of  F%  and  /2i, 
determined  by  the  force 
triangle  ACD.  Produce 
Ri  until  it  intersects  the 
force  f 4  at  n.  R  \a  the 
resultant  of  F^  and  Rt, 
determined  by  the  force 
triangle  ADE,  and,  con- 
sequently, i2  is  the  re- 
sultant of  the  four  given 
forces. 

It    will    be  noticed 

\Y'  X   ^'      ^^C    that  Fig.  13  (b)  is  a  force 

^\     ^/'^^  polygon    for    the    given 

/ir^  /%)     y^^  forces,  and  the  resultant 

of  all  the  forces  is  repre- 
sented by  the  closing  line 
AE,  There  is,  then,  the  same  general  rule  for  non-concurrent  forces  as  for  concurrent  forces; 
namely,  that  the  magnitude  of  the  resultant  of  any  number  of  forces  acting  in  the  same  plane 
may  be  found  by  constructing  the  force  polygon  and  scaling  the  closing  side.  The  line  AE 
also  shows  the  direction  of  the  resultant  R,  but  note  that  it  does  not  give  a  point  on  its  line  of 
action.  A  point  in  the  line  of  action  of  the  resultant  cannot  be  determined  unless  the  construc- 
tion of  Fig.  13  (a)  (or  its  equivalent)  is  made.  A  force  equal  and  opposite  to  R  and  having  the 
same  line  of  action  would  balance  the  forces  acting  and  the  system  would  be  in  equilibrium. 

Forces  Nearly  Parallel, — The  graphical  method  already  explained  for  finding  a  point  such 
as  n,  Fig.  13  (a),  on  the  line  of  action  of  the  resultant,  cannot  always  by  conveniently  used. 
If  the  forces  are  parallel,  or  nearly  so,  it  is  not  easy  to  obtain  the  intersection  of  the  forces  and, 
consequently,  a  different  construction  is  necessary.  The  diagram  that  is  used  for  such  cases 
is  called  the  equilibrium  polygon.  The  force  polygon,  however,  is  needed  to  find  the  magnitude 
and  direction  of  the  resultant,  the  same  as  before. 

Consider  the  four  forces  shown  in  Fig.  14  (a).  The  force  polygon  ABCDE  for  these  forces 
is  reproduced  in  Fig.  14  (&).  The  line  AE  gives  the  magnitude  and  direction  of  the  resultant 
R.  Select  any  point  0  and  draw  the  lines  OA,  OB,  OC,  OD,  and  OE  to  the  vertices  of  the  force 
polygon. 

In  the  force  triangle  ABO,  BO  and  OA  represent  the  magnitudes  and  directions  of  two  forces 
ho  and  oa  which  balance  Fi,  (The  notation  used  is  explained  in  Art.  42(2.)  Select  some  point 
1  on  the  line  of  action  of  Fi  and  draw  the  lines  bo  and  oa  parallel  to  BO  and  OA  respectively. 
The  force  ho  intersects  the  force  f  2  at  the  point  2.  In  the  triangle  BCO,  forces  CO  and  OB  hold 
Ft  in  equilibrium.  At  the  point  2  draw  co  parallel  to  CO  until  it  meets  the  force  Ft  at  3.  In  the 
triangle  CDO^  forces  DO  and  OC  balance  the  force  Ft.  At  the  point  3  draw  do  parallel  to  DO 
until  it  meets  the  force  Ft  at  the  point  4.  At  the  point  4,  draw  eo  parallel  to  EO  until  it  meets 
the  line  of  action  of  oa  at  point  5.     It  should  be  noted  that  forces  eo  and  oa  are  the  only  forces 


(ci) 
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in  the  equilibrium  polygon  which  so  far  have  not  been  balanced  by  equal  and  opposite  forces. 
As  shown  by  the  force  polygon  OABCDEj  these  two  forces  hold  in  equilibrium  the  four  forces 
f  1,  ft,  Ft,  and  Ft,  The  force  triangle  AEO  shows  these  forces  to  hold  also  the  resultant  R  in 
equilibrium.  Therefore  a  line  drawn  through  the  point  5  in  the  equilibrium  polygon  parallel 
to  A  E  of  the  force  polygon  gives  the  line  of  action  of  R. 

The  point  O  in  Fig.  14  (6)  is  called  the  pole;  OA,  OB,  OC,  etc.,  are  called  rays;  and  the  lines 
1-2,  2-3,  etc.,  in  Fig.  14  (a)  are  called  strings. 

Since  0  is  any  point  that  may  be  selected,  it  shoiild  be  taken  so  that  it  will  be  most  con- 
venient for  the  solution  of  the 
given  problem  and  never  on  the 
closing  line  AE  since  then  the 
strings  oa  and  oe  become  par- 
allel to  AE  and  hence  parallel 
to  each  other.  It  should  be 
remembered  that  the  magni- 
tude and  direction  of  the  re- 
sultant of  any  number  of  non- 
concurrent  forces  is  given  by 
the  force  polygon  and  a  point 
on  its  line  of  action  by  the  equi- 
librium polygon.  The  force 
polygon  must  first  be  drawn 
and  the  resultant  determined 
in  both  magnitude  and  direc- 
tion by  the  closing  side.  The 
pole  0  should  next  be  selected  and  the  rays  drawn,  to  which  the  strings  of  the  equilibrium 
polygon  should  be  made  respectively  parallel.  The  line  through  the  intersection  of  the  first 
and  last  strings  parallel  to  the  direction  of  the  resultant  in  the  force  polygon  is  the  line  of 

action  of  the  resultant. 

If  the  force  R  acted  in  the  opposite  direction,  the  system  would  be  in  equilibrium  and  the 

forces  would  follow  in  order  around  the  force  polygon.     The  system  in  equilibrium  would  then 

be  forces  Fi,  Ft,  f »,  and  Ft  and  a  force  equal  and  opposite  to  R  acting  through  the  point  5. 

If  the  force  equal  and  opposite  to  R  should  be  placed  to  one  side  or  the  other  of  the  point  5, 

but  still  parallel  to  its  direction  as  shown 
by  the  force  polygon,  the  intersection  of 
oe  and  oa  would  not  fall  on. its  line  of 
action.  We  would  then  say  that  the 
equilibriiun  polygon  did  not  close. 
Thus,  it  is  easily  seen  for  a  given  system 
of  forces  that,  even  if  the  force  polygon 
closes,  the  equilibrium  polygon  may  not 
close. 

When  the  force  polygon  closes  and 
the  equilibrium  polygon  does  not,  the 
result  is  that  of  couple.  For  such  a  case 
the  resultant  of  the  forces  f  i,  f  i,  Ft,  and 

F4  would  not  be  in  the  same  line  of  action  as  the  remaining  force  and  equilibrium  could  not 

result.      Equilibrium  exists  when  the  moment  of  the  couple  is  zero. 

Parallel  Forces. — The  method  is  the  same  as  shown  for  forces  nearly  parallel  (Fig.  14). 

Pig.  15  shows  the  construction  necessary  to  find  the  resultant  of  the  four  parallel  forces  Fi, 

Ft,  Ft,  and  Ft. 

486.  Algebraic  Method. — The  resultant  of  any  number  of  non-concurrent  forces 
may  be  found  algebraically  in  the  following  manner:  Resolve  each  force  algebraically  intocom- 
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ponents  F.  and  Fyy  parallel  respectively  to  X  and  Y  axes.  Then  according  to  Art.  42d,  the  mag- 
nitude of  /2  is  given  by  the  equation 

R  =  \/(2F.)«  +  (SF,)« 
and  the  angle  it  makes  with  the  X  axis  is  given  by 

Its  line  of  action  is  found  by  placing  its 'moment  about  any  point  equal  to  the  algebraic  sum  of 
the  moments  of  the  forces  with  respect  to  the  same  point.  If  the  moment  arm  of  the  resultant 
is  denoted  by  a,  and  the  moment  arms  of  the  several  forces  by  ai,  as,  etc.,  then 

Ra  «  FiGi  4-  FfOi  +  etc. 

If  a  force  is  applied  equal  and  opposite  to  R  and  in  the  same  line  of  action,  the  system  of 
forces  will  be  in  equilibrium.  Let  ZM  represent  the  algebraic  sum  of  the  moments  about  any 
point.     For  equilibrium,  then, 

2F,  =0         XFy  ^  0        2Af  =  0 

In  practice  it  is  common  to  use  horizontal  and  vertical  axes,  for  which  case  the  above  equa- 
tions may  be  written: 

2H  =  0        S7  =  0        2M  -  0 

Problems  in  the  equilibrium  of  non-concurrent  forces  may  be  solved  if  the  number  of 
unknowns  is  not  greater  than  three.  Three  independent  equations  may  be  written,  employing 
the  three  algebraic  conditions  above  stated,  and  solving  these  equations  simultaneously  in  any 
given  case  gives  the  three  unknowns.  It  is  often  convenient  to  use  two  moment  equations  and 
either  ZH  »>  Q  or  2F  »  0.     A  new  moment  center  must  be  taken  each  time  2ilf  =  0  is  used. 

The  three  unknowns  usually  desired  may  be  classed  under  three  general  cases;  namely, 
where  the  following  unknowns  are  required:  (1)  point  of  application,  direction  and  magnitude 
of  one  force  (that  is,  the  force  is  wholly  unknown) ;  (2)  magnitudes  of  two  forces  and  the  direc- 
tion of  one  of  these  forces ;  and  (3)  magnitude  of  the  three  forces.  The  first  case  is  nothing  more 
than  the  finding  of  the  resultant  of  a  system,  of  non-concurrent  forces. ' 

A  special  case  in  the  solution  of  non-concurrent  forces  occurs  when  all  the  forces  considered 
are  parallel.  Then  the  number  of  independent  equations  reduces  to  two  and  it  is  possible, 
therefore,  to  determine  but  two  unknowns,  namely:  (a)  point  of  application  and  magnitude 
of  one  force;  and  (&)  magnitude  of  two  forces. 


300/6,  ^^ 


lUttttntiTe  Problem. — Find  the  resultant  of  the  three  vertical  (orcee  shown  in  Fig.  16. 
Sinoe  the  forces  are  all  vertical,  ZH  -■  0,  and  the  resultant  must  abo  act  in  a  vertical  direction.     Consider 

downward  forces  positive  and  upward  foroea  negative.     The  magnitude  of 
^00 J^  the  resultant  may  be  found  as  follows: 

R   -300  +  100-200 

—  200  lb.,  acting  down  (since  the  result  is  positive). 

wUl  be  noticed  that  a  force  equal  and  opposite  to  R  would  make  the 
O  foroea  in  equilibrium. 

It  is  now  necessary  to  find  the  point  of  application  of  the  resultant  R. 
pfyyjty  ^y  the  point  of  application  in  this  case  is  meant  a  point  on  the  line  of 

action  of  the  resultant. 

^'^'  ^^*  The  algebraic  sum  of  the  moments  about  the  point  o  is  equal  to 

( 300)  (2)  +  ( 100)  (8)  +  (200)  (2)  -  1800  f t.-lb.  The  resulting  force  is  200  lb. 
and  the  problem  resolves  itself  into  finding  how  far  from  the  point  o  the  200  lb.  should  be  placed  to  have  the  same 
e£Feot  as  the  three  loads  shown,  or,  in  other  words,  how  far  away  from  o  a  load  equal  and  opposite  to  the  2(X)-lb. 
resultant  should  be  placed  in  order  to  cause  equilibrium.     Thus,  ZM  —  0  may  be  used  to  find  this  distance 

1800  ft.-Ib.       „,**..       .  u*    * 
— --^  ,. —  —  9  ft.  to  the  right  of  o. 
/UU  ID. 

It  should  be  noted  that  the  computations  would  have  been  more  simple  if  the  point  x  had  been  selected  instead 
of  the  point  o— that  is,  the  work  would  have  been  simplified  by  taking  the  origin  on  the  line  of  action  of  one  of  the 
oroes.     The  computations  for  that  case  would  be  arranged  as  follows: 

(300)(4)+J100)(10)  _  „  ,,  ^  y,^  ,.^^^  ^  , 
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IllttstndTe  Problem.— The  beam  AB  (Fig.  17)  is  14  ft.  long  and  loaded  ae  shown.  It  is  simply  supported  at 
A  and  C.  (a)  Determine  the  supporting  forces  due  to  the  three  given  loads.  (6)  Determine  the  supporting  forces, 
including  the  weight  of  the  beam  which  is  60  lb.  per  lin.  ft 


(a)  «  -  200  +  300  +  400  -  900  lb.,  acting  down. 
F  +  ^1  -  i2  -  900  lb. 


200^ 


3001b. 


40Qfb. 


A 


I f£^- 


-TT 


mOOOHx^ 


B 


FiQ.  17. 
Origin  at  A: 


Fia.  18. 


(200)(4)  4-  (300)(8)  +  (400)(14)  -  12F| 
Fi  -  733  lb. 
F   -  900  -  733  -  167  lb. 


Anwtera 


(b)  Wi.  of  beam  -  (60)  (14)  -  700  lb. 
12  -  900  +  700  -  1600  lb. 

(200)  (4)  4-  (300)  (8)  +  (400)  (14)  +  (700)  (7)  -  12Fi 
Fi   »  1142  lb. 
F  -  1600  -  1142  -  458  lb. 


{;, 


167  lb. 
733  1b. 


Atuwtta 


{;,: 


-  468    lb. 
1142  lb. 
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lUastntiTe  Problem. — Find  the  reactions  of  the  roof  truss  shown  in  Fig.  18  for  the  loads  assumed.  Solve  by 
both  the  algebraic  and  graphical  methods.  The  truss  is  fixed  at  A,  Rollers  are  placed  at  B  so  that  the  reaction 
at  the  right  end  acts  at  right  angles  to  the  supporting  surface — that  is,  vertically. 


ZM  -  0. 


Origin  at  A. 

QOVt  -  0. 
3080  lb.,  acting  up. 


10,000^Y^  +  4800  (6) 


XV  -  0. 


XH  -  0. 


Vt 


3080  +  Fi  -  10.000  -  0 

V\  -  6920  lb.,  acting  up. 


4800  -  Hi  "   0. 

Hi  -  4800  lb.,  acting  toward  the  left. 

Ri  -  V6920*  +  4800*  -  8420  lb.,  acting  as  shown. 

Fig.  10  shows  bow  the  reactions  are  obtained  by  means  of  the  force  and  equilibrium  polygons.     The  con- 
struction is  as  follows:  Draw  P,  the  resultant  of  the  10,000  and  4800  lb.  loads,  in  the  force  polygon.     Choose  pole 
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O.  Draw  rays  OA  and  OB.  Draw  itrings  oa  and  ob  so  that  mi  passes  throush  the  point  of  support  A,  A  being  a 
known  point  in  the  line  of  action  of  Ru  Draw  the  closing  line  oc  of  the  equilibrium  polygon.  Draw  ray  OC  in  foroe 
polygon  corresponding  to  the  closing  line  oc.  Knowing  Fs  to  be  vertical,  its  magnitude  is  easily  determined.  Ri 
is  the  closing  side  of  the  force  polygon  in  magnitude  and  direction.  Draw  a  line  through  A  parallel  to  Ri  of  the  force 
polygon,  thus  giving  the  line  of  action  of  the  left  reaction. 

Fig.  20  shows  how  the  reactions  are  obtained  by  pro- 
ducing the  forces  until  they  intersect.  In  many  cases  the 
intersection  method  cannot  be  used  because  the  point  of 
intersection  lies  outside  the  limits  of  the  drawing. 

44.  Cisnter  of  Gravity. — The  center  of  gramty 
of  a  body  is  the  point  through  which  the  resultant 
^  of  all  the  parallel  forces  of  gravity,  acting  upon 
l^  the  body,  passes  for  every  position  of  the  body. 
The  resultant  of  any  set  of  these  x)arallel  forces 
of  gravity  is  the  weighi  of  the  body.  If  a  force 
equal  and  opposite  in  direction  to  this  resultant 
is  applied  in  a  line  passing  through  the  center  of 
gravity  of  the  body,  the  body  will  be  in  equilibrium.  A  force  of  gravity  exists  for  each 
particle  composing  the  body. 

In  designing  structures  it  is  frequently  necessary  to  deal  with  the  center  of  gravity,  or 
centroid,  of  areas.  The  center  of  gravity  may  usually  be  found  by  some  simple  geometrical 
construction  but  for  irregular  figures  it  is  convenient  to  divide  the  area  into  sections  whose 
gravity  centers  may  be  easily  obtained,  such  as  rectangles  and  triangles.  By  treating  these 
sectional  areas  as  a  system  of  parallel  coplanar  forces,  the  center  of  gravity  may  be  found  since 
it  is  the  point  through  which  the  line  of  action  of  the  resultant  passes  in  whatever  direction 
the  parallel  forces  are  assumed  to  act.  It  is  only  necessary  to  find  the  line  of  action  of  the 
resultant  with  respect  to  two  axes  at  right  angles  to  each  other  since  the  intersection  of  the  two 
resultants  so  found  will  give  the  center  of  gravity  of  the  area  for  all  axes. 

The  center  of  gravity  of  a  rectangle  is  evidently  at  the  intersection  of  the  diagonals.  The 
center  of  gravity  of  a  circle  or  regular  polygon  is  at  the  geometrical  center  of  the  figure.  To 
find  the  center  of  gravity  of  a  triangle  draw  a  line  from  each  of  two  vertices  to  the  middle 
of  the  opposite  side.  The  point  of  intersection  of  the  two  bisectors  b  the  center  of  gravity  of 
the   triangle   and   lies   at   a  distance  from   any 


vertex  equal  to  two-thirds  of  the  length  of  the 
corresponding  bisector. 


Mf/<7/rf  ofnxM&l^'C  of  a 
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niustrative  Problem. — A  rod  of  uniform  section,  15  in.  long  and  weighing  10  lb.,  supports  weights  of  5  lb.,  10  lb., 
15  lb.,  and  20  lb.  The  5-lb.  and  20-lb.  weights  are  supported  at  the  ends  and  the  other  two  weights  are  equally 
spaced  along  the  rod  in  the  order  shown  (Fig.  21).     Find  the  point  at  which  the  rod  will  balance. 

The  weight  of  the  rod  may  be  assumed  to  be  concentrated  at  its  center.  Taking  moments  about  the  end  at 
which  the  5-lb.  weight  is  hung,  we  have 


Rxo  -  5(0)  +  10(5)  +  10(7.5)  + 
«-6  +  10  +  10  +  15  +  20- 

x«  -  -gQ-  -  9.68  m. 


15(10)  +  20(15) 
>  60  1b. 


575  in.-lb. 
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DhutratiTe  Problem. — ^Locate  the  center  of  gravity,  or  centroid,  of  section  shown  in  Fig.  22. 
Divide  the  figure  into  two  rectanglee  and  denote  total  area  by  A,     The  center  of  gravity  of  each  reotani^e  is  at 
its  center.     The  gravity  axis  1-1  may  be  located  by  taking  moments  about  Af  AT,   or 

Ay.  -  (4H  X  yi)(2Vi)  +  (3  X  HKH)  -  6-44  in.« 
A  -  (4Vi  X  H)  +  (3  X  H)  -  3.76  in.t 
5.44 


3.76 


1.46  in. 


The  gravity  axis  2-2  may  be  located  in  a  similar  manner  by  taking  moments  about  8Tt  or 

(3H  X  H)OH)  +  (4  X  HKH) 


Xo 


3.75 


0.05  in. 


The  intersection  of  axes  1-1  and  2-2  determines  the  centroid  of  section. 

46.  Moments  of  Forces. — The  moment  of  a  system  of  forces  about  a  given  point  is  equal 
to  the  algebraic  sum  of  the  moments  of  the  forces  composing  the  system  about  the  same  point. 

The  moment  of  a  system 
of  forces  about  a  given  point 
may  be  found  graphically  in 
the  following  manner : 

Let  F,,  Fty  F,,  and  F4,  Fig. 
23,  be  the  given  sjrstem  of 
forces  and  let  k  be  the  point 
about  which  the  moment  is 
required.  Draw  the  force  and 
equilibrium  polygons  as  de- 
scribed in  Art.  43a  and  deter- 
mine the  resultant  R  in  both 
magnitude,  direction,  and  line 
of  action.  The  distance  H  in 
the  force  polygon  is  called  the 

pole  distance  of  the  resultant  R,  Draw  through  k  a  line  parallel  to  R  and  intersecting  the 
strings  oa  and  oe&t  A'  and  S*  respectively.  The  triangles  AOE  and  A'O^E*  are  similar  (sides 
respectively  parallel)  and 

"       -        Hy 


Fia.  23. 


Therefore 


r 

y 


^^ovRr 


M 


Rr  =  Hy, 

H  is  measured  in  pounds  to  the  scale  of  the  force  diagram  and  y  is  measured  in  units  of  length 
to  the  scale  of  the  space  diagram. 

For  parallel  forces  the  method  b  the  same  as  given  above. 


REACTIONS 
Bt  Gborqe  a.  Hool 

46.  General  Considerations. — The  finding  of  the  reactions  of  a  structure  having  two 
points  of  support — such  as  the  simple  beam,  girder  or  truss — is  a  problem  in  the  equilibrium 
of  non-concurrent  forces,  ^s  shown  in  Art.  43fo,  the  problem  may  be  solved  if  the  number  of 
unknowns  is  not  greater  than  three.  Three  independent  equations  may  be  written.employing 
the  following  throe  equations  of  statics: 

2ff  =  0  2F  =  0  S3f  =  0 

Solving  these  equations  simultaneously  in  any  given  case  gives  the  three  unknowns.  The  three 
unknowns  may  also  be  found  graphically  as  explained  in  Art.  43a. 

Instead  of  the  three  equations  of  statics  as  given  above,  it  is  often  convenient  to  use  two 
moment  equations  and  either  XH  »  0  or  SF  »  0.  A  new  moment  center  must  be  taken  each 
time  XM  »  0  is  used. 

Referring  to  Fig.  24,  it  will  be  seen  that  six  conditions  are  needed  in  order  to  completely 
determine  the  two  reactions  Ri  and  Ri\  namely,  their  points  of  application,  their  directions 
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(direction  determined  for  each  reaction  by  the  angle  made  with  the  vertical),  and  their  mag- 
nitudes. Three  of  these  conditions  may  be  determined  by  statics  if  the  other  three  conditions 
are  determined  by  the  manner  in  which  the  structure  is  supported.  The  three  conditions 
generally  known  are  the  points  of  support  and  the  direction  of  one  of  the  reactions. 

]f  Uiere  are  less  than  three  unknown  conditions  in  regard  to  the  manner  in  which  a  structure 
is  supported,  then  the  structure  is  in  general  unstable  and  will  tend  to  move  bodily  under  the 
applied  loads.  For  example,  suppose  the  supporting  forces  to  have  only  their  magnitudes 
unknown.  Then  unless  the  resultant  of  these  reactions  is  in  the  same  line  of  action  as  the  re- 
sultant of  the  applied  loads,  equilibrium  cannot  exist.  The  structure,  therefore,  will  move 
and  b  termed  unstable. 


Fia  24. 


Fia.  25. 


When  one  end  of  a  structure  is  placed  on  rollers,  the  reaction  at  that  end  is  made  to  act  at 
right  angles  to  the  supporting  surface  since  the  rollers,  if  in  good  condition,  cannot  offer  resis- 
tance to  motion  along  this  surface.  If  a  structure  is  hinged  at  a  support,  the  line  of  action 
of  the  reaction  at  that  support  passes  through  the  hinge.  (A  hinge  generally  is  a  steel  cylin- 
drical shape  of  short  length  and  but  a  few  inches  in  diameter,  and  called  a  pin.  When  used 
at  a  support  it  rests  upon  a  shoe  which  in  turn  rests  upon  the  support.)  When  a  hinge  is 
placed  at  the  same  support  where  rollers  are  used  (Fig.  25),  the  reaction  is  at  once  deter- 
mined in  both  direction  and  point  of  application. 

Rollers  not  only  cause  a  reaction  to  act  at  right  angles  to  the  supporting  surface  but  also 
serve  the  purpose  of  allowing  structures  to  expand  and  contract  with  changes  in  temperature 
and  thus  prevent  additional  stresses  in  different  members. 

Structures  supported  at  one  end  by  a  tie-rod  should  be  considered  as  having  the  reaction 
at  that  point  fixed  in  direction.  A  tie-rod  is  incapable  of  carrying  compression  or  bending, 
and  thus  the  reaction  which  it  carries  must  act  along  its  axis  and  produce  tension  in  the  rod. 

It  is  seldom  found  in  practice  that  the  point  of  application  of  a  reaction  is  definitely  fixed. 
For  short  beams  which  deflect  but  little  and  which  rest  at  the  ends  upon  steel  bearing  plates 
(inserted  in  order  to  distribute  the  load  over  the  masonry  supports),  it  is  usually  sufficient 
to  consider  the  reaction  as  applied  at  the  center  of  bearing,  but  this  assumption  is  by  no  means 
an  exact  one.  For  long  girders,  especially,  the  deflection  would  be  so  great  that  the  center  of 
bearing  would  be  brought  n^ar  the  edge  of  support  and  the  assumption  would  not  hold.  How- 
ever, if  a. pin  bearing  is  used  with  rollers,  a  uniform  bearing  on  the  support  is  ensured.  The 
reaction  is  then  considered  to  pass  through  the  pin  center,  but  this  will  not  be  quite  true  if  the 
pin  is  badly  turned  or  the  bearing  surface  of  the  shoe  upon  which  it  rests  is  imperfect. 

The  method  of  finding  the  reactions  of  restrained  and  continuous  beams  is  explained  in 
Art.  71. 

47.  Determination  of  Reactions. 

47a.  Forces  Parallel.— As  explained  in  Art.  4S&,  a  special  case  in  the  solution 
of  non-concurrent  forces  occur  when  all  the  forces  are  parallel.  For  forces  all  vertical  XH  ^  0 
is  not  needed,  and  the  number  of  independent  equations  reduces  to  tWo.  It  is  possible,  there- 
fore, to  determine  hut  two  unknowns;  namely,  (a)  point  of  application  and  magnitude  of  one 
force;  and  (&)  magnitude  of  two  forces. 

476.  Forces  Not  Parallel. — Reaction  problems  when  solved  algebraically  will 
generally  be  simplified  by  finding  the  horizontal  and  vertical  components  of  the  reactions  and 
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then  obtaiBmg  the  magnitude  of  either  reaction  by  computing  the  square  root  of  the  sum  of  the 
squares  of  its  two  components.  With  one  end  on  rollers  and  resting  upon  a  horizontal  surface, 
the  vertical  component  at  that  support  is  the  reaction  required,  and  the  horizontal  component 
is  zero.  With  a  roller  end  resting  upon  an  inclined  surface,  the  reaction  at  that  support  will 
have  both  a  vertical  and  a  horizontal  component,  but  there  is  at  once  a  relation  between  them 
due  to  the  fact  that  the  reaction  must  act  at  right  angles  to  the  supporting  surface. 

Reaction  problems  may  also  be  simplified  when 
solving  algebraically  by  resolving  inclined  loads  into 
horizontal  and  vertical  components. 

If  a  load  is  distributed  over  a  considerable  area, 
as  wind  pressure  for  example,  instead  of  being  applied 
at  a  point,  the  resultant  of  this  load  may  be  used  in 
the  reaction  computations  as  a  concentrated  load. 
For  example,  in  Fig.  26,  only  the  resultant  wind 
pressure  P  needs  to  be  considered  and  it  will  act  at 
the  center  of  AC.  The  horizontal  and  vertical  components  of  P  may  be  found  in  the  following 
convenient  manner: 

Consider  first  the  wind  pressure  acting  on  a  strip  of  roof  surface  having  a  length  AC  and 
a  width  of  one  foot.  Normal  pressure  on  this  strip  —  2XS  y^  AC  ^  P^.  Denote  horizontal  and 
vertical  components  of  P»  by  U^  and  7,  respectively.     Then 

P»  ^  AC 

12(P») 


^«7/7  cffruss  50'O^ 

Fia.  26. 


or 


H.  = 


AC 


«12X20 


Similarly,  V,  =  26  X  20 

Thus,  from  the  above  it  follows  that  these  H^  and  F.  components  can  be  determined  by  multi- 
fdying  the  normal  pressure  in  pounds  per  square  foot  by  the  projection  of  the  upper  chord  (AC 
in  this  case)  on  a  plane  at  right  angles  to  the  direction  of  the  desired  component.  Since  the 
trusses  are  20  ft.  center  to  center,  the  K  and  F  components  of  the  total  normal  pressure  P 
acting  on  the  tmss  are  as  follows: 

n  =  H,(20)  =  12(20)  (20)  =    4,800  lb. 
y  =  F,(20)  =  25(20)  (20)  =  10,0001b. 

Roof  trusses  of  short  span  are  generally  fixed  at  both  ends  to  the  walls  of  the  building, 
thus  becoming  statically  indeterminate  with  respect  to  the  outer  forces.     In  this  case  the  reac- 


Truss  under  dead  and 
snow  loads.  Reactions 
Yerfical 

Fia.  27. 


Iruss  achduponby 
wind  pressure  onfy.  nk- 
actions  assumed  jxmailel  lO 

wind  had. 

FiQ.  28. 


tions  for  the  wind  load  are  determined  separately  from  those  caused  by  the  dead  and  snow 
loads.  Dead  and  snow  loads  cause  only  vertical  reactions  (Rg.  27).  The  wind  load  causes 
the  reaccions  to  be  inclined  and  the  horizontal  components  tend  to  overturn  the  walls  of  the 
building.  One  of  two  assumptions  is  usually  made,  either  (a)  that  the  horizontal  components 
of  the  two  wind  reactions  are  equal,  or  (6)  that  the  direction  of  the  wind  reactions  are  parallel 
to  the  resultant  wind  load  (Fig.  28).  j. 

In  the  following  illustrative  problems,  the  reactions  at  points  shown  thus  Q  are  con- 
sidered to  have  both  a  horizontal  and  vertical  component.  This  symbol  for  a  fixed  end  is 
not  intended  to  represent  a  knife  bearing  but  simply  means  that  the  point  of  application  is 
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determined  and  that  the  reaction  may  act  in  any  direction.     With  rollers  added  to  this  symbol 

as  here  shown  f"]  the  reaction  is  considered  as  determined  in  both  direction  and  point  of 
application.     When  solving  algebraically,  the  horizontal  and  vertical  components  of  the 

Hi- 

reactions  are  represented  thus:  QH  ffl      Where  the  value  of  Hi  comes  out  negative,  the 


^^ 


horizontal  component  of  the  reaction  acts  in  the  opposite  direction  to  that  assumed. 

For  finding  the  reactions  of  simple  beams  and  trusses,  see  also  illustrative  problems  on  pp. 
15  and  16. 

UlufltratiTe  Problem. — A  beam  is  loaded  as  Bhown  in  Fig.  29.     Find  the  reactions  at  A  and  B  by  both  algebraio 
and  graphical  methods.     Neglect  weight  of  beam. 

XH  '  0  .*.  Hi  -  0 

2if  -  0         Origin  at  A. 

(6)  (6)  +  (20)  (22.6)  -  16 F*    I   (10)  (6) -0 
Vt  •-  20.1  tons,  acting  up,  since  result  is  positive . 
ZF  -  0 

10  +  6  +  20  -  20.1  -  Ft 

Fi  *  6.9  tons,  acting  up. 


»Jbm 


eibnt 


iO-bni 


$'• 


'^ 


0^- 


fSsCC-Jl C 


Fio.  29. 

(If  a  eheok  on  Fi  is  desired,  it  may  be  obtained  by  applying  SAf  -  0  about  ^  as  an  origin.) 

In  Fig.  30,  the  force  polygon  is  drawn  for  the  given  forces.  The  forces  are  designated  by  letters  instead  of  by 
weight.  It  can  easily  be  seen  that  Hi  ~  0  or  the  forces  would  not  be  in  equilibrium.  The  force  polygon,  conse- 
quently, becomes  a  straight  line  since  the  forces  are  ail  vertical.  AB  -  Fi,  BC  ■•  Ft,  CD  «  Fs,  DS  -  Fs.  EA  » 
Fi.  It  is  not  possible  to  determine  the  point  E  until  after  the  equilibrium  polygon  is  drawn.  The  string  od 
Intersects  Ft  at  (.    The  string  oa  intersects  Ft  at  k.     The  line  OE  in  the  force  polygon  drawn  parallel  to  kl  in  the 

equilibrium  polygon  divides  the  line  AD 
into  two  parts,  DS  and  BA,  which 
represent  Fs  and  Fi  respectively,  kt  ii 
drawn  in  the  equilibrium  polygon  because 
the  forces  are  in  equilibrium  and  the 
equilibrium  polygon  should  dose. 

niiifltrative  Problem. — Find  the  hori- 
sontal  and  vertical  components  of  the 
reactions  at  A  and  B,  Fig.  31,  by  the  alge- 
braic method.     Neglect  weight  of  beam. 

Considerable  labor  will  be  sared  by 
resolving  the  inclined  forces   into   hori- 
Bontal  and  vertical  components  and  using 
FiQ.  30.  these  oomponenta  only  in  the  computa- 

tions. The  lever  arms  of  the  horisontal 
components  about  either  point  of  support  is  aero,  leaving  only  the  vertical  components  to  be  considered  when 
applying  ZAf  •■  0.     Components  are  shown  dotted  in  Fig.  31. 

ZJf  -  0    Origin  at  A. 

■  (17.32)(7)  -  (5)(2)  +  (7.07)(8)  +  (10)(20)  -  15Fi  -  0 
Fi  -  8.36  tons. 


/a 


— jjp 


[■ 


WindlOibptr 
sqffnqrmaiio 


Wndon 
¥errio 


I 


ieot^tb  j- 


Fia.  31. 
2F  -  0 


FiQ.  32. 


-  17.32  -  6  +  Fj  -  7.07  +  8.36  -  10  -  0 
Fs  -  31.03  tons. 
Z£r  -  0 

7.07  4-  Hi  -  10  -  0 

H\  -  2.93  tons. 

Illustrative  Problem. — Compute  horisontal  and  vertical  components  of  the  reactions  for  the  truss  shown 
In  Fig.  32  for  the  wind  pressure  showD. 
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Aa  explained  in  Art.  A7b,  the  components  of  the  total  wind  pressure  may  be  readily  found  as  follows: 

V  -  (20)  (30)  (20)  -  12,000  lb. 

H  -  (20)  (15)  (20)  -     6,0001b. 

^' -     (5)  (20)  (60)  -     6,000  1b. 

XM  -  0.     Orisin  at  A 

fi  25 

(5000)--  -H  (0000)2-  "^  12.000(6)  -  80 Fi  -  0 

Vi  -  4920  lb. 
2F  -0 

4920  +  r*  -  12,000  -  0 
Ft  -  7080  lb. 
Zi7  -  0 

6000  +  6000  -  Hi  -  0 
Hi  -  11,000  lb. 

Fic.  33  shows  how  the  reactions  are  obtained  by  means  of  the  foroe  and  equilibrium  polygons.    Since  point  B 
is  a  known  point  in  the  line  of  action  of  i2t.  the  string  oa  is  drawn  starting  from  thb  point. 

nittatratiTe  Problem. — Fig.  34  represents  a  Howe 
bridge  truss  of  120-ft.  span,  with  12  equal  panels. 
Neglecting  the  dead  load  on  the  end  panel  points, 
determine  the  reactions  algebraically  for  a  dead  load 
of  9000  lb.  on  each  intermediate  panel  point  and  a 
live  load  of  20,000  lb.  on  panel  points  marked  a,  6, 
and  c. 

Reactions  A  and  B  are  both  vertical  since  the 
loads  are  vertical,  which  is  generally  the  case  on  bridge 


'^••-W-^ 


9 


(a;   (h)   (I)   (d) 


|<-— — •— 


Fio   34. 


Then  again,  since  the  panels  are  all  equal  the  algebraic  method  is  by  far  the  more  convenient  one  to 
use.  The  stringers  at  each  end  either  rest  directly  upon  the  abutments  or  upon  end  floor  beams.  In  either  case 
the  load  on  an  end  panel  point  is  fully  carried  by  the  support  beneath,  thus  causing  no  reaction  at  the  other  sup- 
port and  hence  no  stresses  in  the  truss.  This  is  the  reason  for  the  omission  of  the  dead  load  on  the  end  panel  points 
in  this  problem.     In  designing  the  details  at  A  and  B,  however,  the  loads  at  these  points  must  be  considered. 

Reactions  A  and  B  each  receive  one-half  the  dead  load,  or  9000  X  6^i  —  40,600  lb. 

Reaction  A  for  the  live  load  is 


(90)^20.000)  +  (100)(20.000)  -t-  (110)(20.000) 

120 


(origin  at  B) 


(20.000)(90  +  100  +  110)       (20,000)(9  +  10  +  11) 


120 


12 


50,000  lb. 


This  may  be  more  conveniently  calculated  by  obtaining  the  last  equation  directly,  which  means  that  we  take 
the  panel  as  a  unit  of  length.     Thus,  the  B  reaction  for  the  live  load  is 

.(1  +  2  +  3) 


(20.000)- 


12 


10,000  lb.     (Origin  at  A) 


Total  reaction  A  -  49.500  +  60,000  -  99.500  lb. 
Total  reaction  B  -  49,600  +  10,000  -  50,600  lb. 

nittstrative  Problem. — Find  the  horixontal  and  vertical  components  of  the  reactions  of  the  three-hinged  arch. 
Fig.  35,  for  loads  F\  and  Ft  placed  as  shown;  hinges  at  points  a,  6,  and  e. 

From  Zif  —  0  about  the  point  a 

Fi(20)  +  i^i(90)  -  V»(120)  -  0 
2Fx  +  9F» 


Vi  - 


12 


From  ZF 


Fi  4-  F«  -  Vi  +  V% 
lOFi  +  ^Ft 


Vi 


12 


From  Zff  -  0 

Hi  -  Hi. 

In  order  to  obtain  the  value  of  Hi  and  Hs.  it  is  necessary  to  equate  the  sum  of  the  moments  about  the  center 
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hioce  t  of  all  torces  oo  nIAcr  itde  ol  th>  hinge  to  lero.     Cooaiderlng  the  pvt  of  the  arch  to  tin  left  of  the  eauUi 

VifBO)  -  BUIOO)  -  i-iCM)  -  0 

H    -  H,  -  "''  -  "*■  _  g**!  +  3fi 

It  ■houM  be  noted  that  tour  iDdependent  equatione  have  been  lued  to  gim  four  unknovna. 

If  tie  rods  ahould  be  placed  as  ehowa,  the  tenHian  in  tbeee  rodd  would  be  equid  to  ^i  —  Ht,  and  only  wtioil 
preaaure  would  be  brought  upon  the  supportx. 


SHEARS  AND  HOHENTS  i 

Bi  Geoboe  a.  Hool 

48,  Shoir. — Consider  the  forces  acting  on  a  beam  to  be  resolved  into  horizontal  and  ver- 
tical  components.  Ilien  the  aheai  at  any  section  is  the  algebraic  sum  of  the  vertical  forces 
acting  on  either  side  of  the  section,  and  is  the  force  which  tends  to  cause  the  part  of  the  beam  on 
one  aide  of  the  section  to  slide  by  the  part  on  the  other  aide.  This  tendency  is  opposed  by  the 
resistance  of  the  material  to  transverse  shearing. 

When  the  resultant  force  acts  upward  on  the  left  of  the  section,  the  shear  is  called  poittire, 
and  when  it  acts  downward  on  the  same  side  of  the  section,  it  is  called  negative.  Since  £F  —  0 
when  we  consider  the  forces  on  both  aides  of  the  section,  then  the  remiltant  of  the  forces  on 
the  right  of  the  section  must  be  equal  and  opposite  in  direction  to  the  resultant  of  the  forces  on 
the  left  of  the  section.  Thus,  it  makes  no  difference  which  side  of  the  section  we  consider,  the 
shear  is  posUwe  when  the  resultant  on  the  left  is  upward  and  when  the  resultant  on  the  right  is 
downward.  Also  the  shear  ia  negalive  when  the  resultant  on  the  left  ia  downward  and  when  the 
reaultant  on  the  right  is  upward. 

At  the  section  ah.  Fig.  36,  the  shear,  since  there  are  no  loads  between  the  section  and  the 
left  support,  equala  the  left  reaction  and  is  positive.  This  is  true  of  any  section  between  the 
left  support  and  the  section  cd.  The  shear  to  the  right  of  cd  is  negative  and  is  equal  to 
the  right  hand  reaction. 

49.  Bending  Homent. — The  bending  moment  (or  moment)  at  any  section  of  a  beam  is  the 
algebraic  sum  ot  the  moments  of  the  forces  acting  on  either  side  of  the  section  about  an  axis 
through  the  center  of  gravity  of  the  section,  and  is  the  moment  which  measures  the  tendency 
of  the  outer  forces  to  cause  the  portion  of  the  beam  lying  on  one  aide  of  the  section  to  rotate  , 
about  the  section.  Thia  tendency  to  bend  the  beam  is  opposed  by  internal  fiber  stresses  of 
tension  and  compression. 
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When  the  resultant  moment  on  the  left  of  the  section  is  clockwise,  the  moment  is  called 
positive,  and  when  it  is  counter-clockwise  on  the  same  side  of  the  section,  it  is  called  negative. 
Since  XM  »  0  when  we  consider  the  forces  on  both  sides  of  the  section,  then  the  resultant 
moment  of  the  forces  on  the  left  of  the  section  is  equal  and  opposite  to  the  resultant  moment 
of  the  forces  on  the  right  of  the  section.  Thus,  it  makes  no  difference  which  side  of  the  section 
we  consider,  the  moment  is  positive  when  the  resultant  moment  of  the  forces  on  the  left  is  clock- 
wise and  when  the  resultant  moment  of  the  forces  on  the  right  is  counterclockwise.  Also,  the 
moment  is  negative  when  the  resultant  moment  of  the  forces  on  the  left  is  counterclockwise  and 

when  the  resultant  moment  of  the  forces  on  the  right  is  clockwise. 

p 
At  the  section  ah,  fig.  36,  the  moment  is  kM'     It  increases  uniformly  from  the  left  sup- 
port where  it  is  aero  to  the  section  cd  where  it  is  ( ^  )  (o  )  *"  ~~r' 

Positive  bending  moment  causes  compression  in  the  upper  fibers  of  a  beam,  and  tension 
in  the  lower  fibers.     The  reverse  is  true  for  negative  bending  moment. 

60.  Shear  and  Moment  Diagrams. — The  variation  in  the  shear  or  bending  moment  from 
section  to  section  for  fixed  loads  may  be  well  represented  by  means  of  diagrams,  called  shear  and 
moment  diagrams.     The  diagrams  are  constructed  by  laying  off  a  base-line  equal  to  the  length 


^' 


i'  X> 


I 


P 


— >-->U--^ 


t 


If 


w»Jbaefperlf'n\^,  L'span 


# 


lirmv 


j  Shear 
]p\ogram 


^Shear  line    j 


Shear 
j  Diagram 


i  PloHed" 


'Rmboh .  ! 


Momenf  Diognam 


Moment  Diagram 


Fia.  36. 


Fia.  37. 


of  the  beam  and  marking  off  on  this  line  the  positions  of  the  loads  and  the  reactions.  Positive 
shear  and  moment  at  given  points  should  be  represented  above  the  base-line  and  negative  shear 
or  moment  below  this  line.  Points  are  plotted  vertically  above  or  below  given  points  on  the 
base-line,  and  the  distance  these  plotted  points  are  from  the  base-line  should  represent  to  some 
scale  the  magnitude  of  the  shear  or  moment  at  these  given  points  on  the  beam.  The  line  join- 
ing the  points  plotted  in  this  way  is  called  the  shear  or  moment  line,  depending  upon  whether  a 
shear  or  moment  diagram  is  being  drawn. 

To  illustrate,  in  Fig.  40,  the  ordinate  ab  represents  the  value  of  the  shear  at  the  point 
h  of  the  beam  and  the  ordinate  cd  represents  the  value  of  the  moment  at  the  point  d. 

In  shear  diagrams  for  uniform  loading,  ordinates  need  only  be  erected  at  the  ends  of  the 
beam  and  at  the  points  of  support.  If  concentrated  loads  are  also  applied  to  the  beam,  or- 
dinates must  also  be  plotted  at  their  points  of  application. 

In  moment  diagrams  for  uniform  loading,  ordinates  should  be  erected  and  points  plotted 
at  the  reactions  and  every  foot  or  two  along  the  beam.  If  concentrated  loads  are  also  applied 
to  the  beam,  ordinates  must  also  be  plotted  at  their  points  of  application. 
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If  the  shear  or  moment  lines  are  not  completely  determined  by  the  above  rules,  additional 
points  should  be  taken. 

A  cantilever  beam  is  a  beam  having  one  end  fixed  and  the  other  end  free  (see  Art.  3,  p.  2). 
The  reaction  at  the  fixed  end  is  indeterminate,  but  the  shear  or  bending  moment  at  a  given  sec- 
tion may  be  easily  found  by  considering  the  loads  between  the  section  and  the  free  end. 


Shear  Diagram    j 


Shear  Diogram   \ 
£oualspac0^  ^ 


V 


Momenf-  Diagram 

Fig.  38. 


^ 


f^^^ 


'ynsrraboh 
Momerrt-  Diagram 

FiQ.  30. 


Shear  and  moment  diagrams  for  both  simple  and  cantilever  beams  with  various  loadings 
are  shown  in  Figs.  36  to  41  inclusive.     In  all  cases  the  weight  of  the  beam  is  neglected. 

61.  Majdmum  Shear. — It  is  always  desirable  in  proportioning  beams  to  know  the  greatest 
or  maximum  value  of  the  shear  in  a  given  case.     The  following  rules  apply: 

1.  In  cantilevers  fixed  in  a  wall,  the  maximum  shear  occurs  at  the  wall. 

2.  In  simple  beams,  the  maximum  shear  occurs  at  the  section  next  to  one  of  the  supports. 
These  rules  can  be  verified  by  examining  the  shear  diagrams  in  Figs.  36  to  41  inclusive. 
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Fia.  41. 


62.  Maximum  Moment — By  comparing  the  corresponding  shear  and  moment  diagrams 
in  Figs.  36  to  41  inclusive,  it  will  be  found  that  the  maximum  moment  occurs  where  the  shear 
changes  sign;  that  is,  where  the  shear  line  crosses  the  base-line.  This  could  also  be  shown 
algebraically. 

By  the  help  of  this  principle  it  is  necessary  to  construct  only  the  shear  line  and  observe 
from  it  where  the  shear  changes  sign;  then  compute  the  bending  moment  for  that  section. 
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lOiuitratiTe  Problem* — Construct  shear  and  moment  diacrams  for  a  20-ft.  beam  supported  at  the  ends  and 
loaded  as  shown  in  Fig.  42.  Also,  find  the  maximum  shear  and  maximum  moment,  and  the  seotions  where  they 
oecur. 


Reaction  A 


(5000)(6)  -t-  (4000).(10  +  15) 
20 


+  8000 


-  14.2601b. 

Reaction  B  -  13.000  +  16,000  -  14.260 

-  14.7601b. 
Shear  at  ii  -  0 

Shear  at  section  just  to  right  of  A  "  14,260 

flk  ♦     /  ^  *«'*  "  14'260  -  (800)  (5)  -  10.260 

Bnear  at  a^  ^  ^^^  _  ^^^50  -  4000  -  6260 

nk  *hl^  '®'*  ■■  ^260  -  (800)(5)  -  2260 

BUear  at  0{  ^  ^^^  _  ^^^^  _  ^^^^  _  _  ^^^ 

«.  .     /  to  left  -  -  1760  -  (800)(6)  -  -  6760 

nnear  at  c^  ^  ^^^  _  _  ^^^  __  ^^^  _  _  ^^^^ 

Shear  at  section  just  to  left  of  B  -  - 14,760 

-  10,750  -  (800)  (6)  -  -  14,760  (check) 
Khear  at  B  -  0. 


We  shall  determine  the  moment  at  points  A^  a^h^  c  and  B. 
apart  on  this  beam  to  completely  determine  the  moment  curve. 


Moments  should  also  be  found  at  sections  2  ft. 


Moment  at  A 
Moment  at  a 
Moment  at  6 
Moment  at  c 
Moment  at  B 


-  0. 

-  (14,260)(6)  -  (800)(6)  (|)  -  61,260. 

-  (14,260)  (10)  -  (8000  +  4000)  (5)  -  82.600. 

-  (14,750)(6)  -  (800)(5)  (|)  -  63,760. 

-  0. 


AOOOIb.    AOOOJb.     sooonx 
Ur^rmyfload' ^SOOJb.   roer  ff,    I 


The  maximum  shear  «  —  14,760  lb.  at  a  section 
iust  to  the  left  of  the  right  support. 

The  shear  changes  sign  at  section  b,  consequently 
the  moment  is  a  maximum  at  that  point  —  82.600 
ft.-lb. 

In  some  cases  the  shear  does  not  change  sign  at 
the  point  of  application  of  a  concentrated  load  and  ^^^^y, 
in  such  a  case  the  position  of  the  section,  where  the  f%^^ 
bending  moment  is  a  maximum,  must  be  scaled  or 
computed  from  the  shear  diagram  to  the  nearest 
one-tenth  of  a  foot. 

68.  Moment  Determined  Graphically,  u^ 

The  bending  moment  at  any  section  of  a 
beam  due  to  concentrated  loads  may  readily 
be  determined  by  means  of  the  force  and 
equilibrium  polygons.  The  method  used  is 
the  same  as  that  for  finding  the  moment  of 
a  system  of  forces  about  a  given  point,  de- 
scribed in  Art.  45. 

Let  the  bending  moment  M  be  required 
at  any  section  of  the  beam  shown  in  Fig.  43, 
such  as  the  point  k.     Draw  a  vertical  line 
through  the  section,  cutting  two  sides  of  the 
equilibrium  polygon,  and  let  the  ordinate 
intercepted  between  these  sides  be  called  r. 
The  intersection  of  these  sides  produced 
gives  the  point  of  application  of  the  re- 
sultant of  the  forces  Pi  and  Rt,  the  magnitude  of  which  is  represented  by  EB  in  the  force 
polygon;  that  is,  iii  -  Pi  =  A^  -  AB  «  EB.     It  should  be  noticed  that  Ri  and  Pi  act  in 
opposite  directions,  and  consequently  the  resultant  of  these  two  forces  is  their  difference.    Let 
this  resultant  be  called  R  and  its  horizontal  distance  from  k  be  called  x.     Then,  M  »  Rx. 


Momerrf  Diagram 

Fig.  42. 
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Fig.  43. 

Inclined  forces  acting  on  beams  should  be  resolved  into  horizontal  and  vertical  components. 
The  horizontal  components  cause  no  moment  so  that  only  the  vertical  components  need  be 
considered. 

The  graphical  representation  of  bending  moment  at  every  point  in  the  span  can  be  applied 
to  cases  of  uniform  loading,  but  the  construction  is  difficult  and  the  algebraic  method  is  much 
more  simple.  When  a  beam  is  subjected  to  both  uniform  and  concentrated  loads,  it  is  sometimes 
convenient  to  find  the  bending  moment  for  the  concentrated  loads  by  the  graphical  method,  and 
the  bending  moment  for  the  uniform  load  by  the  algebraic  method.  The  algebraic  sum  of  the 
two  moments  at  any  given  section  will  give  the  correct  moment  at  that  section. 

64.  Efifect  of  Floor  Beams  in  Bridge  Construction. — Since  bridges  are  frequently  used  to 
connect  factories  and  other  buildings,  the  effect  of  using  floor  beams  in  bridge  construction  on 
the  shears  and  moments  in  the  supporting  girders  or  trusses,  will  be  considered  in  this  book. 
The  principles  involved  apply  to  a  number  of  other  special  cases  in  building  construction. 

Floor  beams  are  ordinarily  riveted  to  the  sides  of  girders.  For  clearness  in  presentation, 
however,  the  floor  beams  will  be  shown  as  resting  upon  the  girders  and  the  stringers  upon  the 
floor  beams  (Fig.  45).  The  shears  and  moments  are  identical  for  the  two  cases.  Girders  are 
usually  placed  parallel  to  each  other  and  any  load  coming  upon  the  planking  or  rails  (or  whatever 
the  flooring  may  be)  is  transmitted  by  means  of  the  stringers  to  the  floor  beams  and  thence  to 
the  girders,  each  girder  receiving  a  proportional  part.  The  loads  given  in  each  case  will  be  the 
proportional  part  of  the  total  load  considered  which  is  actually  transmitted  to  the  given  girder. 


The  triangle  QBE  is  similar  to  the  triangle  which  has  a  base  r  and  an  altitude  x  (sides 

pectively  parallel)  and,  since  EB  is  equal  to  i2,  we  have  ^  —  -^ox  Rx  =  Ur, 

Therefore  the  bending  moment  of  the  forces  on  the  left  of  the  section  b 

M  ^Rt 

Since  R  is  constant,  the  bending  moment  at  any  point  in  the  span  is  proportional  to  the  vertical 
ordinate  of  the  equilibrium  polygon  at  that  point. 

Suppose  in  the  equilibriimi  polygon  >i  in.  =  1  ft.,  and  R  =  2000  lb.,  then  Y^  in.  in  the 
equilibrium  polygon  represents  2000  ft. -lb.  That  is,  each  inch  on  the  vertical  ordinate  of  the 
equilibrium  polygon  represents  2000  X  4  »  8000  ft. -lb.  of  bending  moment.  For  instance,  if  a 
vertical  ordinate  at  a  given  section  scales  2.45  in.,  the  bending  moment  of  that  section  under  the 
above  conditions  is  8000  X  2.45  »  19,000  ft.-lb. 
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Let  F  be  the  proportioual  part  of  on  applied  load  which  is  traoamitted  to  a  given  girder. 
As  shown  in  Fi^.  44  and  45  it  will  be  traDsniitt«d  at  panel  pointa  2  and  3.     Panel  point  3  will 

received-  and  panel  point  2  will  recei»e  P  ^^^ —  or,  in  other  words,  these  panel  pointa  receive 

the  reactions  of  a  aim  pie  beam  one  panel  in  length,  the  stringers  not  being  continuous  over  the 
floor  beams. 

In  Fig.  45  considering  only  the  appUed  load  shown,  the  left  hand  reaction  Ri  equals  F--.-- 


and  the  right  hand  reaction  At  equals  F ^ '  the  same  as  if  there  were  no  floor  beams. 

To  prove  this,  it  is  only  necessary  to  distribute  a  proportional  part  of  the  load  F  to  the  panel 
point  3  and  also  the  proper  amount  to  the  panel  point  2,  and  determine  the  reactions. 


Right  hand  reaction  -  F 


without  floor  beams) 
In     bridges     carrying  R 

tracks,    the    stringers   and  /7«rAnims  Wt—  * H 

rails  are  generally  equally  Sfnntxrs •'  ''\  T    I I 

spaced    about    the    center  ^a  'p       y  ■      tr'"   w'"""Y'""  T        1* 

line      between     girders     "'  ^  <^ ^ ^ ^ 

If    the   bridgi 


single-track,    a    girder     (or  ^^       ^        "^       \      T        '        ^B  Cross  Section 
truss)  thus  receives  one-half      "■^T  r'/'T  T*^ 

the  total  live  load;  that  is,  [*"  ^ " "'H 

the  weight  coming  upon  one  Fia.  4fi. 

r^.     The  above  discusBion 

applies  directly  to  such  a  case,  the  load  F  being  any  wheel  load  which  may  come  upon  one  rail. 
The  following  statements  may  be  made  pertaining  to  the  effect  of  using  floor  beams.  The 
finrt  (our  statements  refer  to  a  girder  supported  at  one  or  both  of  its  ends.  Statements  5  and 
6  explain  them.'ielves.  The  load  considered  is  the  proportional  part  of  the  floor  load  Give  and 
dead)  which  is  transmitted  to  the  girder  in  question.     Statements  1  and  3  are  of  use  in  designing 

(The  only  load  applied  to  a  girder  between  floor  beams  is  its  own  weight.  This  is  a  uniform 
load  and  can  be  considered  by  itself,  according  to  method  previously  stated.  The  following 
statements  do  not  include  this.) 

1.  Shear  is  constant  between  any  two  adjacent  floor  beams. 

2.  Moment  varies  uniformly  between  any  two  adjacent  floor  beams. 

3.  Moment  at  any  floor  beam  is  the  same  as  it  would  be  if  there  were  no  floor  beams. 

4.  If  no  load  is  applied  in  a  given  panel,  the  moment  at  any  point  in  that  panel  is  the  same 
as  i\  would  be  if  there  were  no  floor  beams. 

5.  If  a  load  is  applied  in  a  given  panel  of  a  cantilever  guder,  the  moment  at  any  point  in  that 
panel  is  greater  than  it  would  be  if  the  girder  had  no  floor  beams. 

6-  If  a  load  is  applied  in  a  given  panel  of  a  girder  supported  at  its  two  ends,  the  m 
any  point  in  that  panel  is  le»t  than  it  would  be  if  the  prder  bad  no  floor  beams. 
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66.  A  Sixigle  Concentrated  Moving  Load. — For  a  single  concentrated  moving  load  the 
maximum  positive  live  shear  on  a  simple  beam  at  any  section  as  A,  Fig.  46,  occurs  when  the 
load  is  just  to  the  right  of  the  section.  This  statement  isreadily  verified  by  considering  how 
the  shear  varies  at  the  section  as  a  load  passes  across  the  beam  from  the  right  to  the  left  support. 
The  left  reaction,  and  consequently  the  positive  shear,  is  increased  as  the  load  P  is  moved  from 

the  right  support  up  to  the  section,  being  greatest  when  the 
load  is  just  to  the  right  of  the  section.  Now  move  the  load  to 
the  left  of  A,  The  shear  is  equal  to  the  difference  btween  the 
left  reaction  and  the  load  P  and,  since  a  load  is  always  greater 
than  either  reaction  (the  load  being  equal  to  the  sum  of  the 
reactions),  the  shear  with  the  load  to  the  left  of  A  is  negative, 
proving  that  the  positive  shear  is  a  maximum  with  the  load  just 
to  the  right  of  the  section.  In  practice  the  load  is  always  placed 
at  the  section.  This  same  line  of  reasoning  might  be  followed 
through  for  negative  shear,  moving  a  load  from  the  left  abutment  to  the  section  and  consid- 
ering how  the  shear  varies  to  the  right  of  the  section.  The  maximum  negative  shear  is  found  to 
occur  when  the  load  is  just  to  the  left  of  the  section.    The  value  of  the  maximum  positive  shear 

for  the  load  P  is  P  ^'  and  the  maximum  negative  shear  is  P  — j — 

The  maximum  live  moment  at  A  occurs  with  the  load  at  A,  for  a  movement  to  either  side 
reduces  the  opposite  abutment  reaction  and  consequently  the  moment.    The  maximum  moment 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  47,    ^^  I 

the  shear  is  a  maximum  when  the  load  is  anywhere  to  the  right   ^^  4/ 

of  the  point.     When  the  load  is  on  the  left,  the  shear  is  zero,    ^p 
The  moment  is  a  maximum  at  the  section  when  the  load  is  at    ^ 
B  and  equals  P  X  x.     When  the  load  is  to  the  left  of  A,  the 
moment  is  zero. 

Now  consider  a  bridge  girder  supported  at  both  ends  and  carrying  floor  beams.  Required 
the  maximum  live  shear  in  any  panel  as  EF^  Fig.  48.  As  previously  mentioned,  the  load  shown 
is  the  proportional  part  of  the  total  load  in  the  panel  which  is  transmitted  to  the  girder  in  ques- 
tion. The  shear  is  constant  in  EF  for  any  loading.  Let  V  denote  this  shear.  Then,  when  the 
load-P  is  in  the  panel  EF,  the  shear 

V  =  (left  reaction)  -  (load  at  ^)  =  P  (^^^  -  -) 

Pi 


\B 


'^ 


FiQ.  47. 


B 


J^U ./, J  If  the  load  is  so  placed  that  —j- 


I     |gi»afer 


y 


FzQ.  48. 


=  - then  the  shear  in  ^P  =  0.    This 
P 
point  is  called  the  neuircd  point  in  the  panel.    A  load  to  the  right 

of  this  neutral  point  causes  positive  shear  and  to  the  left  causes 

1^  negative  shear.     Every  panel  has  a  neutral  point  which  can  be 

found  by  using  the  equation 

a  -\-  b      o    V .  .     .  ph 

= as   -  which  gives  a    =»  r=r-^ — 

L  p  °  L  —  p 

It  can  be  seen  from  the  equation  that  the  position  of  the  neutral  point  does  not  depend  upon  the 
magnitude  of  the  load  but  simply  upon  the  length  of  panel  and  the  position  of  the  panel  in 
the  span.  The  maximum  positive  shear  in  panel  EF  will  occur  when  the  load  P  is  at  the  panel 
point  P,  since  the  shear  decreases  as  the  load  is  moved  from  that  point  to  the  neutral  point 
where  it  is  zero.  For  the  same  reason  the  maximum  negative  shear  will  occur  when  the  load 
is  at  the  panel  point  E. 

As  stated  in  Art.  54  the  moment  at  any  point  in  a  panel,  as  EF,  for  a  load  P  in  that  panel  is 
less  than  it  would  be  if  there  were  no  floor  beams,  while  with  the  load  P  outside  of  EF,  the 
moment  is  the  same  as  for  a  simple  beam.  At  the  floor  beams  the  moment  is  the  same  as  if 
there  were  no  floor  beams.     In  designing  structures  maximum  moment  only  is  usually  desired, 
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eoDsequently  it  is  sufficient  to  compute  the  moments  only  at  the  floor  beams  and  to  do  it  just 
as  if  there  were  no  floor  beams.  Fig.  49  represents  a  cantilever  girder  supporting  floor  beams. 
Maidmum  shear  in  EF  occurs  when  the  load  is  anywhere  to  the  right  of  F  and  equals  P.     Maxi- 

mimi  moment  at  any  panel  point,  as  E,  occms  with  P  sA,  B 

and  equals  P  Xx, 

66.  Moving  Uniform  Load. — For  a  moving  uniform  load 

the  maximum  positive  live  shear  ^ 

on  a  simple  beam  at  any  section  as 

Af  Fig.  60,  occurs  when  the  right 

hand  section  of  the  beam  is  loaded 

up  to  the  point  considered.     This 

is  seen  to  be  true  when  we  consider 
that  adding  a  load  to  the  right  of  A  increases  the  left  reaction  and  therefore  the  positive  shear, 
while  adding  a  load  to  the  left  of  A  increases  the  left  reaction  by  an  amount  less  than  the 
load  which  is  added,  and  hence  decreases  the  positive  shear.     The  maximimi  positive  shear 

1      x* 
at  A  in  Fig.  51  for  a  uniform  load  of  w  lb.  per  ft.  *"  o  ^  T' 

From  similar  reasoning  to  the  above;  the  maximum  negative  shear  at  any  section  as  A, 
Fig.  50,  is  found  by  loading  to  the  left  of  the  point.     Maximum  negative  shear  at  A,  Fig.  52, 

1      (L  -  aj)» 


FiQ.  49. 


Fia.  60. 


for  a  uniform  load  of  w  lb.  per  ft. 


2" 


(considering  the  right  hand  reaction). 


w  tb.Der^foofi 


Fia.  51. 


maximimi  Af 


wL 


The  maximum  moment  at  any  sec- 
tion as  A  occurs  when  the  beam  is  /utty 
loaded,  for  the  addition  of  a  load  any- 
where on  the  beam  will  add  a  positive 
moment  at  the  section.  For  a  load  of 
w  lb.  per  ft.,  the 

(L  -  x) i— 2 =  2  (^  "  *)(^  -  L  -H  «) 


Fig.  52. 

I  (x)(L  -  X) 


If  the  section  is  at  the  center  of  the  beam,  the 

maximum  M  ^  ^  wL* 

The  above  formulas  for  maximum  moment  give  results  in  foot  pounds,  since  w  represents 
the  load  in  pounds  per  foot  and  L  the  span  of  the  beam  in  feet.     To  get  inch  pounds,  multiply 

by  12  or  insert  for  w  in  the  formulas  the  load  in  pounds  per 
inch  and  for  L  the  span  of  the  beam  in  inches. 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  53, 
the  maximum  shear  occurs  for  either  a  full  load  over  the  entire 
length,  or  for  full  load  on  the  portion  of  the  beam  between  the 
section  and  the  free  end,  and  equals  wx.    The  moment  is  always 
negative  and  the  maximum  moment  occurs  for  the  same  loading  giving  maximum  shear;  t.e., 

- .      wx* 

maximum  M  =  -^ 

Now  consider  the  case  of  a  uniform  load 
of  to  lb.  per  ft.  on  a  bridge  girder  supported 
at  its  two  ends  and  carrying  floor  beams. 
If  the  girder  is  fully  loaded,  the  load  on  each 
floor  beam  is  wp,  except  on  the  end  floor 
beams  which  carry  H  top.  These  end  floor 
beam  loads  are  usually  supported  directly  |/^ 
on  walls  or  abutments,  and  may  be  neglected 
in  determining  shear  and  moment.    Ai,  Fig.  ^'^*  ^'^' 

54,  then  equals  2>j  wp  and  Rt  equals  2}>i  wp.    The  maximum  positive  shear  in  any  panel, 
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such  as  EFf  occurs  when  the  load  extends  from  the  right  to  the  neutral  point  in  the  pane 
(Fig.  65).     Thus 


maximum  V  = 


w{a  +  W      tpa' 


!  ^TohllaxlA  wfa-fb) 

\ 


^^/yAy/////////////y//y//A^/^^^^ 


2L  2p 

In  practice,  the  assumption  is  generally  made  that  for  maximum  positive  shear  in  a  panel, 

all  panel  points  up  to  and  including  the 
one  at  the  right  of  the  panel  are  fully 
loaded,  and  the  ones  to  the  left  without 
any  load.  It  is  not  possible  to  get  this 
loading,  but  the  assumption  is  con- 
venient and  a  little  on  the  safe  side.  It 
is  obvious  that  in  order  for  panel  point  F, 
Fig.  55,  to  have  a  full  load,  the  load  must 
extend  to  the  panel  point  E  and  then  E 
would  have  h&lf  a  panel  load.  A  load  at 
E  would  reduce  the  positive  shear  in  EFj 

so  by  omitting  this  we  are  on  the  safe  side;  that  is,  we  are  providing  for  a  little  greater  positive 

shear  than  actually  exists.     For  this  loading  the  shear  in  EF  is 

(1+2  +  3) 


Fio.  55. 


6 


The  maximum  negative  shear  is  likewise 


(1+2) 
6 


(pw) 


(pw). 


The  moments  at  the  J9oor  beams  are  the  same  as  they  would  be  if  there  were  no  floor  beams. 
Maximum  moment  occurs  as  before  for  full  loading  and  is  positive  at  every  point.  The  maxi- 
mum moment  at  a  floor  beam  distant  x  from  the  right  abutment  is  (as  in  a  simple  beam) 

Fig.  56  represents  a  cantilever  girder  supporting  floor  beams.     Maximum  shear  in  EF 
occurs  when  BE  is  loaded  and  equals  w(b  +  }^p).     Maximum 
moment  at  E  occurs  for  either  full  loading  or  for  fiill  load  on 
BEj  and  equals  (in  this  particular  figure), 


p(l  +  2  +  3)wp  +  4p(^wp)  =  Sphv 


w/hperf:/: 


w/////////////^/y^^mf^ 


1  t  rr^ 


£\(.p^..-.l3 . 


-4 


67.  Influence  Lines. — As  a  load  moves  over  a  beam,  the 
shear  and  moment  at  a  given  section  will  vary.     If  the  value  pio.  56. 

of  m<Mnent  at  any  point  A  is  plotted  as  an  ordinate  at  the  point 

where  the  load  is  applied,  and  this  process  repeated  for  each  position  of  the  load,  the  result  is 
called  an  influence  diagram  for  the  moment  at  point  A ;  and  the  curve  generated  by  the  extremi- 
ties of  all  ordinates  is  called  an  influence  line  for  the  moment  at  point  A.  Similar  lines  may  be 
drawn  for  shear  and  for  deflections.     In  structures,  influence  lines  may  also  be  drawn  for  stress 

intensities  at  a  given  point.  The  curve  gets  its  name  be- 
cause of  the  fact  that  for  any  chosen  point,  it  gives  the 
influence  on  a  certain  function  at  that  point,  for  varied 
positions  of  the  load. 

It  should  be  noted  that  the  influence  line  for  moment 
^— f or  a  simple  beam,  for  instance — differs  from  the  moment 
diagram  for  that  beam.  The  moment  diagram  gives  the 
moment  at  any  point  for  one  position  of  the  load ;  while  the 
influence  line  for  moment  gives  the  moment  at  one  point  for 
any  position  of  the  load.  For  each  point  in  the  beam  there  may  be  drawn  an  influence  line, 
but  each  influence  line  is  descriptive  of  but  one  point.     In  Fig.  57  there  is  drawn  an  influence 


Fio.  67. 
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Pdb 
line  for  moment  at  A.     The  moment  at  A  is  -p^,  and  that  is  the  value  of  thb  ordinate  at  A 

Pxb 
The  ordinate  at  B  is  -y-  and  is  the  moment  at  il  when  the  load  P  is  at  B. 

Suppose  the  beam  to  have  a  load  of  1  lb.  moving  across  it.     The  ordinate  at  A  is  then  -*-. 

Usually  influence  lines  are  drawn  for  unit  loads.  The  ordinate  at  B  is  then  the  moment  at  A 
when  a  unit  load  is  placed  at  B.  If  the  load  at  B  is  not  unity,  then  the  moment  at  A  will  be 
equal  to  the  load  times  the  ordinate  at  B  for  the  1-lb.  load. 

If  the  beam  is  loaded  with  a  uniform  load,  the  moment  at  A  is  equal  to  the  load  per  foot 
times    the   area   of    the   influence   diagram    for    the   moment  at   A.     In   Fig.  57  this  is 

( 117  •  -.-  *  L  *  ^  j  or  -^  •  ob,  which  is  readily  recognized  as  the  moment  at  A  for  a  uniform  load. 

For  a  partial  uniform  loading,  the  load  per  foot  multiplied  by  the  area  of  the  influence  diagram 
for  the  loaded  portion  will  give  the  moment  at  A. 
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Influence  lines  for  shear  and  moment  on  cantilever  and  simple  beams  and  girders  are  shown 
in  Figs.  58,  59,  60,  and  61. 

The  influence  line  shows  three  things: 

1.  The  effect  on  the  function  under  consideration  for  a  single  load  at  any  point  on  the 
structure. 

2.  Where  a  single  load  must  be  placed  in  order  to  produce  the  maximum  or  minimum  effect. 

3.  With  a  uniform  live  load,  the  part  (or  parts)  of  the  structure  which  must  be  loaded  in 
order  to  produce  the  maximum  positive  or  the  maximum  negative  effect. 

Influence  lines  are  not  generally  used  for  determining  values  of  functions  for  simple  beams, 
girders,  or  trusses,  because  the  algebraic  methods  are  more  simple,  but  the  use  of  influence 
lines  leads  to  a  better  imderstanding  of  the  effect  of  moving  loads  and  in  many  complicated 
structures  the  influence  line  affords  the  simplest  and  best  solution  of  a  problem.  It  is  freely 
used  in  methods  of  analysis;  that  is,  finding  the  position  of  loads  to  give  maximum  shear  or 
moment  or  whatever  the  function  may  be  which  is  under  consideration. 
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68.  Concentrated  Load  Systems. 

68a.  Maximum  Shear  Without  Floor  Beams. — In  order  to  determine  the  value  ol 
the  maximum  shear  at  a  given  section  due  to  a  series  of  concentrated  loads  in  a  load  system,  it 
is  first  necessary  to  find  just  how  the  loads  must  be  placed  in  order  to  give  this  maximum  shear. 

Suppose  the  maximum  shear  is  required  at  any  section  on  a  structure  without  floor  beams, 
such  as  Section  A,  Fig.  60.  Place  some  load  just  to  the  right  of  A,  which  for  convenience  we 
shall  call  Pi.  Let  Oi  then  represent  the  sum  of  the  loads  to  the  left  of,  and  including  Pi,  and 
Gt  the  sum  of  the  loads  bo  the  right  of  Pi.  Also,  let  G  equal  the  total  load  on  the  structure  when 
Pi  is  at  Af  and  b  the  distance  between  Pi  and  the  next  load  to  the  right  which  we  shall  call 

P,. 

Now  suppose  the  system  of  loads  be  moved  a  distance  b  to  the  left  thus  bringing  Pt  to  A. 
The  effect  upon  the  positive  shear  is  first  to  decrease  it  suddenly  by  an  amount  Pi,  after  which 
it  is  gradually  increased.     The  increase  due  to  Gt  may  be  expressed  by 

Gt  b  tan  a  (see  Fig.  60) 

and  the  increase  due  to  (7i  (decrease  in  negative  shear)  may  likewise  be  expressed  by 

GJ)  tan  a 

The  net  change  in  shear  due  to  the  entire  movement  is 

Gib  tan  a  +  Gtb  tan  a  —  Pi 
or 

4 -P. 

If  this  expression  is  positive,  then  the  second  position  gives  the  greater  shear  and,  if  negative, 
the  first  position.     For  equal  shears  we  have,  therefore 

L        b 

The  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  structure  from 
the  right  has  been  neglected.  The  above  expression  means  that  to  increase  the  shear  we  move 
to  the  left  provided  the  average  load  per  foot  on  the  whole  span  is  greater  than  the  load  at  the 
section  divided  by  the  distance  between  this  load  and  the  next  load  to  the  right. 

Since  the  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  structure 
from  the  right  has  been  neglected  in  deriving  the  above  criterion  for  maximum  shear,  the  effect 
of  such  loads  must  be  investigated.     If  G'  be  the  total  load  on  the  structure  when  Ps  is  at  A, 

then  the  increase  in  shear  when  moving  up  Pt  will  be  somewhere  between  G  ^  —  Pi  and 

G'j—  Pi.     It  may  be  possible  for  the  first  expression  to  be  negative  and  the  latter  poei- 

O  P 

tive.    Such  a  circumstance  would  result  in  causing  j^  to  be  less  than-r-  for    two    succeeding 

loads  and  both  positions  would  have  to  be  tried. 

68&.  Maximum  Moment  Without  Floor  Beams. — In  order  to  determine  maximum. 

live  moment  at  any  section  of  a  structure  for  a  system  of  concentrated  loads,  it  is  first  necessary 

to  find  the  position  of  the  loads  to  give  this  moment. 

Ck)nsider  the  determination  of  maximum  mo- 


ment at  a  section  of  a  simple  beam,  such  as  A,  Fig.  62.  1    I      I     I 

Let  Pl  =»  resultant  of  all  loads  to  the  left  of  A.  ^  "f    \^    ^f 
Xl  —  its  distance  from  the  section. 

P  »  total  load  on  span.  ■         yp 

Xr  =  its  distance  from  right  support.  '             ^ 
X  —  distance  of  section  from  right  support. 


^il     fe-^ 


^ 


nil 


< — -•• 

Then  the  moment  at  A  is  Fi<>-  ^^- 

M  ^P^iL^x)  -Plxl 


,.--1r-->P 

r, 4 
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Let  the  system  of  louU  be  moved  a  small  dutance  A  to  the  left,  the  distance  bung  so  small 
that  the  distribution  of  the  loads  will  not  be  changed.     Then  the  new  moment  is 

-  [p  ^  (L  -  i)  -  Pixt]  +P^(L-x)-P^ 
The  moment  baa  increased  by  so  doing  provided 

p|(t-*)>Pii 

In  other  words,  the  moment  at  a  given  section  will  keep  increaung  by  moving  the  loads  to  the 
left  until  the  sign  of  inequality  is  changed.  That  is,  the  maximum  moment  is  obtuned  when 
with  a  load  to  the  right  of  the  section 


T.  > 


L-x 


and  with  the  same  load  moved  to  the  left  of  the  section 


During  this  slight  movement  7  passes  the  vahie  j—^ — 

Thus,  for  marimum  moment 

P         Pf. 
L'  L~x 

It  follows  from  this  that  the  moment  will  be  increaBed  by  moving  the  loads  to  the  left 
provided  the  average  load  per  foot  on  the  whole  span  is  gt  eater  than  the  average  load  on  the 
left  of  the  section.  Thus,  the  maximuin  moment  at  any  section,  sa  A,  wiU  occur  when  some 
load  Ues  at  that  point,  and  that  load  must  be  sueh  that  when  it  lies  just  to  the  right  of  the 
section,  the  average  load  on  the  whole  span  will  be  greater  than  the  average  on  the  left,  while  if 
it  lies  to  the  left  of  the  section,  the  average  load  on  the  left  will  be  the  greater. 

It  sometimes  happens  that  with  a  load  just  to  the  left  of  the  section,  the  average  load  on 
the  whole  span  is  just  equal  to  the  average  load  on  the  left  of  the  section.     This  means  that 
the  moment  which  has  been  increasing  by  moving  the  loads  to  the  left,  will  now  remain  the 
same  until  some  load  either  comes  on  the  span,  passes  the  section,  or  goes  off  the  span.     If  a 
load  comes  on  the  span,  the  moment  is  increased  and  the  loads  should  be  kept  moving  to  the 
left.     If  a  load  should  go  off  the  span  before  a  load  reaches  the  section,  then  the  average 
load  on  the  whole  span  is  still  greater  than  the  average  load  on  the  left,  and  the  moment 
will  keep  increasing  until  some  load  reaches  the 
secUon.      Thus  it  follows   from  the  above,  that 
when    the  average   load   on   the  whole  span  is 
equal  to  the  average  load  on  the  left  of  the  sec- 
tion, the  resulting  moment  is  not  neceesvily  a 
maximum.     It  is  a  maximum  only  when  no  load 
comes  on  or  goes  off  the  span  in  the  process  of 
moving  up  the  next  load  to  thesection.     In  such 

a  case  the  same  maximum  moment  is  obtained  ^^^  ^ 

for  the  two  loads  in  succession. 

68c.  Marimimi  ShcBi  With  FlooT  BeaiOB. — The  position  of  loads  to  give  maxi- 
mum shear  in  any  given  panel  of  a  girder  or  trum  must  first  be  determined  before  the  value  of 
this  maximum  shear  can  be  found.  Let  Fig.  63  represent  a  system  of  concentrated  loads  on  a 
bridge  having  floor  beams.  Suppose  the  maximum  shear  from  the  live  load  is  required  in 
panel  be  Let  G|  be  the  total  load  on  the  bridge  to  the  left  of  the  panel  in  question,  Gt  the  sum 
of  the  loads  in  the  panel  6c,  and  G  the  total  load  on  the  span.  Also  let  x  equal  the  distance  from 
0  to  the  right  abutment,  and  zi  the  distance  from  Gt  to  the  point  c 
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Then  the  shear 

-.        Gz       GtZi       ri 

^  -  T  -  T" "   ' 

Let  the  system  of  loads  be  moved  a  distance  A  to  the  left;  then  the  new  shear  is 

„,      G(x  -f  A)      g«(T«  -f  A)       ^ 
V   = J G, 

The  shear  has  been  increased  by  the  operation  provided 

G{x  -f  A)       G,(ar,  -f  A)       ^  ^  (?x      G,x,      ^ 

or 

(?      (7, 

The  above  expression  means  that  to  increase  the  shear  we  move  to  the  left  if  the  average 
load  per  foot  on  the  whole  span  is  greater  than  the  average  load  in  the  panel  in  question,  and 
vice  versa.  Hence,  we  find  that  the  maximum  shear  in  the  panel  will  occur  when  some  load 
is  at  the  panel  point  at  the  right  of  the  panel,  and  that  load  must  be  such  that  when  it  lies  just 
to  the  right  of  the  panel  point,  the  average  load  on  the  whole  span  will  be  greater  than  the  aver- 
age in  the  panel,  while  if  it  lies  to  the  left  of  the  panel  point,  the  average  load  in  the  panel  will 
be  the  greater.     More  than  one  maximum  may  be  found  under  each  set  of  heavy  loads. 

68(2.  Maximum  Moment  With  Floor  Beams. — As  shown  in  Fig.  61,  the  moment 
between  floor  beams  is  always  less  than  if  there  were  no  floor  beams.  Hence,  it  is  only  necessary 
to  compute  the  maximum  moments  at  the  floor  beams  and  to  do  it  as  if  there  were  no  floor 
beams. 

586.  Absolute  MflTiwiMw^  Moment — When  a  series  of  concentrated  loads  passen 

p  over  a  structure  without  floor  beams,  the  bending  moment 

'  ^  under  a  given  wheel  load  will  vary  and  wi]l  be  a  maximum 

when  the  wheel  is  near  the  center  of  the  beam.     There 

will,  consequently,  be  a  maximum  moment  considering  each 

wheel  load  and  the  greatest  of  these  moments  is  called  the 


1^  1^1^  '     ^    \^    \^ 


\ 


W 


-l^ -M  absalxUe  maximum  moment. 

Suppose  the  maximum  moment  is  required  at  the  load 
Pa,  Fig.  64,  as  the  load  system  passes  over  the  span.     Let  R 
equal  the  resultant  of  all  the  loads  on  Uie  span  when  P|  is  somewhere  near  the  center  of  the 
beam.     The  moment  at  Pi  is 

Ml  =  12  -^  —  (moments  of  loads  Pi  and  Pj) 

Li 

In  order  for  Afg  to  be  a  maximum,  xy  must  be  a  maximum;  that  is,  x  must  equal  y.  In 
other  words,  the  center  of  the  beam  must  be  half  way  between  P%  and  R,  Thus,  the  method 
of  determining  the  maximum  moment  under  any  one  of  the  concentrated  loads  is  to  place  the 
loads  so  that  the  load  in  question  is  near  the  center  of  the  beam  and  then  find  the  line  of  action 
of  the  resultant  of  the  loads  which  are  on  the  span.  (It  is  more  convenient  to  move  a  line  repre- 
senting the  length  of  the  beam  than  it  is  to  move  the  loads.)  The  beam  should  then  be  placed 
so  that  its  center  will  come  midway  between  R  and  the  load  in  question,  and  the  maximum 
moment  at  the  load  computed.  The  maximum  moment  should  next  be  found  at  each  of 
the  heavy  loads  in  the  same  manner  as  above.  The  greatest  moment  will  be  the  absolute 
maximum. 

SIMPLE  AND  CANTILEVER  BEAMS 

By  Walter  W.  Clifford 

69.  General  Method  of  Design. — The  maximum  bending  moment  and  maximum  shear 
in  a  beam  should  first  be  computed  as  explained  in  the  preceding  chapter.  Then  the  problem  in 
the  design  of  beams  is  to  select  one  of  such  section  that  the  maximum  unit  stresses  induced  in 
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^^/ 


Fia.  66. 


the  beam  will  be  satisfactory  and  will  not  exceed  the  allowable  working  stresses.  Formulas 
for  unit  stresses  are  used,  one  in  terms  of  maximum  moment  and  the  other  in  terms  of  maximum 
shear. 

60.  Bending. — When  a  beam  supported  at  each  end  deflects  under  a  load,  the  upper  fibers 
shorten  and  the  lower  fibers  elongate.     In  a  simple  beam,  therefore,  the  upper  fibers  are  in  com- 
IH'ession  and  the  lower  fibers  in  tension.     With  a  cantilever  beam  the 
reverse  is  true. 

Figs.  65  and  66  show,  much  exaggerated,  the  effect  of  bending  on  a 
simple  beam  and  cantilever  beam  respectively.     The  full  lines  represent  p,^  ^^ 

the  position  of  the  beam  before  bending  and  the  dash  lines  after  bending. 
In  each  beam  there  is  a  horizontal  plane  or  section,  perpendicular  to  the 
elevations  shown,  in  which  the  fibers  neither  elongate  nor  shorten. 
This  is  called  the  neutral  pkme.  The  line  of  intersection  of  the  neutral 
plane  with  a  vertical  cross  section  is  called  the  neutral  axis  of  the  section. 

61.  Fundamental  Bending  Formula. 

61a.  Assumptions. — In  order  to  get  an  expression  for  fiber 
stress  in  terms  of  bending  moment,  certain  assumptions  must  be  made. 

1.  It  is  assumed  that  a  plane  cross  section  before  bending  remains  a  plane  after  bending — 
that  is,  the  two  planes  shown  in  Fig.  67  by  the  full  heavy  lines  remain  planes  when  they 
assume  their  dotted  positions  after  bending.  Above  the  neutral  axb  the  planes  move  toward 
each  other  an  amount  varying  uniformly  from  the  neutral  axis  to  a  maximum  at  the  top  of  the 

sections.     Below  the  neutral  axis  they  move  away  from 
each  other  in  a  similar  manner.     This  assumption  is  shown 
'^     by  tests  to  be  true  within  the  precision  of  ordinary  struc- 
'A   tural  work. 

2.  It  is  assumed  that  stress  varies  as  deformation. 
This  is  also  borne  out  by  experiments  within  working  limits 
(see  Art.  19). 

From  the  first  assumption  it  follows  that  deformation  varies  from  the  neutral  axis  to  a 
maximum  at  the  outside  fiber,  and  from  the  second  assumption  it  follows  that  the  stress  varies 
in  the  same  way.  There  is,  therefore,  uniformly  varying  compression  on  one  side  of  the  neutral 
axis  and  uniformly  varying  tension  on  the  other.  The  moment  of  this  compression  and  tension 
constitutes  the  resisting  moment. 

In  standard  treatises  on  mechanics  it  is  demonstrated  from  the  above  assumptions  that  the 
neutral  axis  in  homogeneous  beams  passes  through  the  center  of  gravity  of  the  section. 

61b.  Derivation  of  Formula. — The  ''unit"  stress  diagram  for  any  section  of  a 
beam  is  given  in  Fig.  68,  and  shows  the  unit  stress  to  vary  uniformly  from  the  neutral  axis. 
If  the  fiber  stress  at  the  outside  fiber,  distant  c  from  the  neutral 
axis,  be  denoted  by  /,  then  the  fiber  stress  at  any  point  distant  x 

X 

from  the  neutral  axis  is  -  / ;  and  the  moment  about  the  neutral 
axis  of  the  stress  on  an  infinitely  small  area,  distant  x  from  the 

;  and  the  moment  for  the 


Fig.  67. 


diogrtrm 
Fig.  68. 


X  afx^ 

neutral  axis,  is  a  •-•/•*»  or Af,  =  —  ■ 

e      f  c 

whole  section  is  Af  =  -  Xax^. 

c 

The  term  2  represents  summation  and  the  quantity  Sax*  means  the  sum  of  the  products 
obtained  by  multiplying  each  infinitesimal  area  by  the  square  of  its  distance  from  the 

neutral  axis.    In  rectangular  sections,  c  =  5* 

61c  Moment  of  Inertia. — The  quantity  2iax*  is  called  the  moment  of  inertia 
of  the  section  about  the  neutral  axis,  and  is  denoted  by  /.  The  general  term  moment  of  inertia^ 
however,  refers  to  any  axis  so  the  moment  of  inertia  of  a  section  with  respect  to  an  axis  may  be 
defined  as  the  sum  of  the  products  obtained  by  multiplying  each  infinitesimal  area  of  the  section 
by  the  square  of  its  distance  from  the  given  axis.     Values  of  /  for  various  sections  are  given 
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in  ''Carnegie''  and  other  handbooks.    Substituting  /  in  the  formula  of  the  preceding  article 
we  have 

fi 

c 


M^'^ 


which  is  the  general  formula  for  resisting  moment  in  beams.    -  is  called  the  section  modtUus. 

c 

61(2.  Design  of  Wooden  Beams  for  Moment — From  the  standpoint  of  moment 
computation  the  wooden  beam  is  simples^  It  is  homogeneous  and  of  rectangular  section. 
The  ''total''  stress  diagram  is  therefore  similar  in  shape  to  the  "unit"  stress  diagram  (compare 

bd* 


Figs.  68  and  69).     /  for  a  rectangle  is 


12* 


£r^ 


Miy 


; 


Substituting  this  in  the  general  formula, 

m 

f 


M 


12      /W        ' 


Total' 

Sm'939 

dtagrvan 
Fia.  60. — Wood  beam. 


dtif^futn 


The  above  formula  may  also  be  derived  aa  follows:  The  total  com- 

presBton  equals  the  total  tension  (Fig.  68)  or  C  —  T  —  6*  ^-  „•  knowing  -^ 

to  be  the  average  stress.    The  moment  arm  is  the  distance  between  the 

2d  hdS  2d      /bd* 

centers  of  gravity  <rf  the  two  triangles,  or  -g--    Thto  if  -■  "1"  '"o"  "  "«■• 

To  design  a  wooden  beam  for  moment  the  only  procedure 
necessary  is  to  substitute,  in  the  formula  M*  =  -^,  the  allowable  fiber  stress  and  the  maxi- 
mum bending  moment  (since  the  resisting  moment  must  equal  the  external  bending  moment) 
and  choose  values  of  h  and  d  which  will  make  &d*  equal  to  or  greater  than  -j- .  Some  hand- 
books give  the  allowable  bending  moments  and  section  moduli  for  dressed  timber  (see 

Sect.  2,  Art.  2a). 

From  the  foregoing,  it  is  evident  that  the  strength  of  homogeneous  rectangular  beams  in 
moment  varies  as  the  square  of  the  depth  and  as  the  first  power  of  the  breadth. 

61e.  Design  of  Steel  Beams  for  Moment. — Steel  beams  are  most  commonly 
/  or  channel  shape.  The  btdk  of  the  metal  is,  for  economy,  at  the  top  and  bottom  where  it 
will  have  higher  fiber  stresses.  The  "  total "  stress  diagram 
for  these  sections,  instead  of  being  the  same  shape  as  the 
"unit"  stress  diagram,  is  as  shown  in  Fig.  70.  Hand- 
books giving  the  properties  of  standard  steel  sections  are  ^' 
published  by  steel  companies  and  are  universally  used  (see 
chapter  on  "Steel  Shapes  and  Properties  of  Sections"  in 
Sect.  2). 

6]/«  Design  of  Cast-iron  Beams  for  Moment. 
Cast-iron  beams,  as  such,  are  almost  never  seen.  In 
the  common  uses  of  cast  iron,  such  as  bases,  covers,  etc., 

various  parts,  and  often  the  whole  must  be  designed  as  a  beam.     This 

Mc 
is  done  by  the  general  formula  /  »  -y.     Such  sections  are  usually 

— -  irregular  in  shape  and  the  center  of  gravity  and  the  moment  of  inertia 
must  be  computed. 

Computations  for  locating  the  center  of  gravity  are  explained  in 

Art.  44. 

6l0r.  Moment  of  Inertia  of   Compound   Sections. — The 

following  rule,  developed  in  treatises  on  mechanics,  applies  to  any  area: 

The  moment  of  inertia  of  an  area  with  respect  to  any  axis  equals  the 

moment  of  inertia  with  respect  to  a  parallel  axis  through  the  center  of 

gravity,  plus  the  product  obtained  by  multiplying  the  given  area  by  the  square  of  the  distance 

between  the  two  parallel  axes.     Expressed  by  formula  /i  «  /  +  Ax^.     Finding  /  for  a  built-up 

aectipn  iS;  therefore,  a  question  of  dividing  the  section  into  simple  geometrical  areas^  or  areas 


Fig.  70. — Steel  beam. 


Fio.  71. 
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for  which  properties  can  be  obtiuned  from  a  handbook,  and  then  finding  the  moment  of  inertia 
of  each  of  these  areas  about  the  neutral  axis  of  the  entire  section  by  applying  the  above  rule. 
A  summation  of  the  moment  of  inertias  so  found  gives  the  moment  of  inertia  of  the  entire  section. 
For  example,  to  find  the  moment  of  inertia  of  the  cast-iron  section  shown  in  Fig.  71,  divide 
the  section  into  two  rectangles  as  shown. 

W»  _  (4)(1)(1)(1)  _ 


/  for  the  upper  rectangle  is 
/  for  the  lower  rectangle  is 


12  12 

(1)(4)(4)(4) 

12 

Axi*  for  the  upper  rectangle  is  (4)  (1.25)' 
iL»i'  for  the  lower  rectangle  is  (4)  (1.26)' 

/  of  entire  section 


0.33 


5.33 


6.25 
6.25 
18. 16  in.* 


68.  Bending  Fonnulas  for  Concrete. — In  concrete  beams  the  general  principles  are  the 
same  as  for  wooden  beams  but,  on  account  of  the  combination  of  materials,  the  neutral  axis 
is  not  at  the  center  of  gravity  of  the  concrete  section.  The  assumption  will  be  made  in  deriving 
formulas  for  concrete  beams  that  thei  concrete  takes  no  tension.  This  assumption  is  not  strictly 
true,  but  the  error  is  slight  and  on  the  safe  side.  In  the  early  stages  of  loading  all  the  concrete  on 
the  tension  side  takes  tension  but  as  the  loading  increases,  the  concrete  cracks.  The  cracks 
start  at  the  bottom  of  beam  and  extend  toward  the  neutral  axis. 

Referring  to  Fig.  72j  let  As  and  Ac  represent  the  deformations  of  the  steel  and  concrete 
respectively,  as  shown. 


Then 


Therefore     -r- 


If  we  let       '^ 


T"  =*  — Ej —     But  Ac  =  --r  and  A«  = 
Ac          kd                           Ee 

■h 

As  ^d  -  Jkd  _  f,    _  1  -  ib 
Ac          kd          njc         k 

h  -       ^^^ 

ft            it.       1  '^  *       "*       J 
T  ^  m,  then  — i —  =  —  and 

/•                       K          n 

or 


Ac      nJc 


k  - 


n 


m  -\-n 


Fia.  72. 


The  depth  of  the  neutral  axis  is  therefore  dependent  only  upon  the  ratio  of  the  moduli  of 
elasticity  and  the  fiber  stresses  of  the  steel  and  concrete. 

The  arm  of  the  resisting  moment  is  from  the  center  of  gravity  of  the  concrete  stress  to  the 
center  of  the  steel,  or 

The  ratio  of  steel  area  to  total  area  is  called  p.  The  total  compressive  stress  iah  X  kd 
X  -^  and  the  total  tension  is  pbdf^.  The  allowable  resisting  moment  is  therefore  bkd  -  K'jd  or 
Tphdftjd — ^that  is, 

according  as  to  whether  the  steel  or  concrete  is  the  weaker.  It  is  obvious  that  good  design  will 
make  the  two  moments  as  nearly  equal  as  possible,  or  yifekjlKP  «  f»TJ^^i  whence 

^      2/. 

Values  of /«,  /« and  n  are  assumed  for  concrete  design  and  from  these  A;,  j,  and  p  can  be  computed 
by  using  the  above  formulas.  Then  by  placing  the  term  for  internal  moment  equal  to  the  actual 
external  bending  moment,  values  for  h  and  d  can  be  selected  to  satisfy  the  equation.  The  area 
of  steel  is  equal  to  jM  and  suitable  rods  can  be  selected  to  give  the  required  area.  The  co- 
efficient of  bel*  in  the  term  for  the  resisting  moment  (i.e.,  p/,j  and  yifcM)  is  a  constant  for  any 
selected  values  of  /«,  /«  and  n,  and  is  usuaJly  denoted  by  K,  Table  giving  the  value  oi  K  9& 
well  as  values  of  A;  for  various  stresses  is  shown  on  p.  150. 


38 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  1-63 


For  investigating  concrete  beams  already  designed,  the  formulas  may  be  put  in  the  fol- 
lowing form: 

A. 


V   = 


U 


k  =  \/2pn  +  (pn)*  —  pn 


3 


M 


M         . 

or/. 


jghd^ 


2/. 


It  is  interesting  to  note  that  for  /«  »  16,000,  /,  »  650  and  n  »  15,  and  for  other  values 

giving  the  same  A;,  the  formula  /  —  -j-j^  as  used  for  wooden  beams  is  true  within  lessthan  1%, 

and  gives  an  easily  remembered  method  for  the  design  of  simple  concrete  beams  knowing 
p  s  0.0077.     But  is  must  be  remembered   that  it  is  merely  a  mathematical  coincidence 
that  the  simple  beam  formula  applies  since  the  error  increases  greatly  with  other  unit  stresses. 
68.  Shear. 

63a.  Vertical  Shear. — Consider  a  beam  with  a  single  concentrated  load  at  the 
center  and  cut  away  the  left-hand  third  of  the  beam,  as  shown  in  Fig.  73.     By  the  principles  of 

statics  the  internal  forces  acting  on  the  section  cut  must  balance  the 
external  forces  acting  on  the  leftp-hand  portion  of  the  beam.  It  will 
be  seen  that  C  and  7*,  the  resultants  of  the  compressive  and  tensile 
stresses  respectively  acting  on  the  section,  do  not  satisfy  the  condi- 

I"  tions  of  equilibrium  and  there  is  required  in  addition  the  vertical 

shear  F.     In  other  words,  each  vertical  section  must  resist  the  ex- 
ternal vertical  shear  at  that  section. 
^***  ^^-  636.  Horizontal  Shear. — It  is  quite  evident,  and  easily 

demonstrated  by  experiment,  that  if  a  beam  be  made  of  boards  laid  flat  one  on  another,  and 
then  loaded,  it  will  assume  the  condition  shown  in  Fig.  74.  This 
demonstrates  that  a  horizontal  shear  or  force  acts  along  the  fibers 
of  a  solid  beam  at  different  depths  tending  to  cause  movement  on 
horizontal  planes.  This  longitudinal  shearing  stress  is  due  to  the 
change  of  horizontal  fiber  stresses  along  a  beam.  For  example,  if 
AC  and  BD  in  Fig.  75  are  the  '*unit"  stress  diagrams  at  two  sections, 
a  unit  distance  apart,  the  cross-hatched  area  evidently  represents 

a  difference  in  stress  to  be  resisted  by  the  beam  in  horizontal  shear.  It 
is  evident  that  a  force  is  induced  at  every  longitudinal  layer  tending  to 
slide  it  past  the  next  section  above  it;  and  this  sliding  or  shearing  force, 
which  increases  at  every  layer,  attains  its  maximum  intensity  at  the  neutral 
axis. 

63c.  Shear  Variation  in  Wooden  Beams. — The  intensity  of  shear 
along  a  vertical  cross-section  for  a  rectangular  beam  varies  as  the  ordinates 
to  a  parabola,  as  shown  graphically  in  Fig.  69.     The  maximum  intensity  is 


FiQ.  74. 


FiQ.   75. 


VQ 


^  times  the  average. 

The  intensity  of  shear  at  any  point  in  a  beam  is  given  by  the  general  formula  v  =  -r^y ,  in 

which  Q  is  the  statical  moment  about  the  neutral  axis  of  that  portion  of  the  cross-section  lying 
either  above  or  below  (depending  upon  whether  the  point  in  question  is  above  or  below  the  neu- 
tral axis)  an  axis  drawn  through  the  point  in  question  parallel  to  the  neutral  axis.  The  deriva- 
tion of  this  formula  is  given  in  standard  text  books  on  mechanics.  It  can  be  easily  demonstrated 
that  the  values  for  v  so  computed  will  fall  on  a  parabola  for  a  rectangular  section. 

63d.  Shear  Variation  in  Steel  Beams. — In  a  steel  I-beam  most  of  the  tensile  and 
compressive  stresses  are  taken  by  the  flanges.     From  consideration  of  the  '^ total''  stress 
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distribution  (Fig.  70)  and  from  use  of  the  formula  v  »  j-j- » it  will  be  seen  that  there  is  very  little 

difiFerence  between  the  intensity  of  shear  at  the  inner  edge  of  flange  and  at  the  neutral  axis. 
The  "total''  shear  diagram  is  shown  in  Fig.  70.  In  steel  beams  the  shear  is  assumed  as  uni- 
formly distributed  over  the  web.  This  assumption  greatly  simplifies  computations,  and  is 
not  seriously  in  error. 

68e.  Shear  Variation  in  Concrete  Beams. — The  variation  of  shear  in  a  concrete 
beam  is  shown  in  Fig.  76,  assuming  the  concrete  to  take  no  tension.  The  upper  half  of  the 
diagram  is  a  parabola  as  for  the  homogeneous  rectangular 
beam.  The  shear  from  the  neutral  axis  to  the  steel  is  con- 
stant since  no  tension  exists  between  these  points.     The 

V 
maximum   intensity  of  shear  is  v 


hjd' 


The  shear  dia- 


^ 


3^999 

Stcfioti       dtpgtwn  cfkfgrtn 

FiQ.  76. — Concrfte  beam. 


FiQ.  77. 


gram,  assuming  the  concrete  to  take  tension  for  a  short 
distance  below  the  neutral  axis,  is  shown  in  Fig.  77.  The 
break  in  the  curve  is  at  the  top  of  the  tension  cracks  in  the 
concrete. 

63/.  Relation  Between  Vertical  and  Horizontal  Shear. — At 
any  point  in  a  beam  the  intensity  of  the  horisontal  shear  is  equal  to  the 
intensity  of  the  vertical  shear.  This  may  be  seen  by  considering  an 
infinitesimal  cube  from  any  part  of  a  beam.  The  moment  of  the  vertical 
shears  must  equal  the  moment  of  the  horizontal  shears  for  equilibrium. 
Therefore  the  intensity  of  the  shears  must  be  equal  and  the  general  formula 
and  diagrams  previously  given  are  true  for  vertical  as  well  as  horizontal  shear. 

68y.  Bond  in  Concrete  Beams. — Bond  in  beam  rods  is  a  special  case  of  horizontal 
shear,  being  the  horizontal  shear  on  the  surface  of  the  rods.     As  noted  in  a  previous  paragraph 

V 
the  maximum  intensity  of  shear  in  a  concrete  beam  is  0  »  t-t^    This  is  the  value  from  the 

neutral  axis  to  the  steel,  and  the  total  bond  for  a  unit  of  length  must  evidently  be  equal  to  this 

y    .  . 
value  multiplied  by  6.     The  unit  bond  is  therefore  -r^  divided  by  the  entire  surface  of  all  the 

rods  per  unit  of  length,  or 

V 
Zojd 
(See  Notation  in  Appendix  A.) 

63A.  Minimnm  Bar  Spacing  in  Concrete  Beams. — Spacing  of  reinforcing  bars 
must  evidently  be  such  that  the  concrete  on  a  horizontal  section  through  the  center  of  the  rods 
can  take,  in  shear,  the  amount  of  the  bond  on  the  lower  half  of  the  bars.  Practical  considera- 
tions as  noted  under  ''Reinforced  Ck)ncrete  Beams  and  Slabs,"  and  "Concrete  Detailing"  in 
Sect.  2  call  for  a  wider  spacing  than  determined  by  theory. 

64.  Diagonal  Compression  and  Tension. — It  is  proved  in  treatises  on  mechanics  that  if  / 

represents  the  intensity  of  horizontal  fiber  stress  and  v  the  in- 
tensity of  vertical  or  horizontal  shearing  stress  at  any  point  in  a 
beam,  the  intensity  of  the  inclined  stress  will  be  given  by  the 
formula  y  1 

t  ^\±y^y4,P-Vv^ 

Untsafrrmimum  fwnakwt      &^cl  the  direction  of  this  stress  by  the  formula 

^•"'-  '«•  tan  2K  -  ^ 

where  K  is  the  angle  of  the  stress  with  the  horizontal.  These  two  formulas  are  general  and 
apply  when/  is  either  tension  or  compression.  The  formula  for  K  shows  that  two  values  of  X, 
differing  by  90deg.,  will  satisfy  the  equation;  that  is,  at  any  point  maximum  compressive  stress 
and  maximum  tensile  stress  make  an  angle  of  90  deg.  with  each  other.  Fig.  78  shows  approxi- 
mately the  directions  of  the  maximum  stresses  for  a  uniformly  loaded  beam. 
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The  following  statements  may  be  verified  by  using  the  above  formulas: 

(a)  At  the  end  of  a  simply  supported  beam  where  the  shear  is  a  maximimi  and  the  bending 
moment  a  minimum,  the  stresses  lie  practically  at  45  deg.  to  the  horisontal  throughout  the 
entire  depth  of  beam. 

(6)  At  the  section  of  maximum  moment,  the  shear  is  sero  and  the  stresses  are  horisontaL 

The  fundamental  bending  formula — ^in  other  words,  the  common  theory  of  flexure — ^is  seen 
to  give  the  unit  fiber  stress  correctly  at  the  important  section  of  maximum  moment  and  also  for 
the  extreme  fibers  in  other  sections,  since  at  these  points  the  shear  is  sero.  Where  the  shear  is 
not  zero,  an  inclined  stress  is  the  result  and  the  flexure  formula  gives  only  the  horizontal  compo- 
nent of  this  stress — ^namely,  the  fiber  stress. 

In  homogeneous  beams  of  rectangular  section,  the  diagonal  stresses  are  not  of  importance, 
but  in  steel  beams,  especially  in  the  case  of  built-up  plate  girders,  the  web  is  tlun,  and  although 
of  sufficient  strength  to  resist  the  diagonal  tension  near  the  end  of  beam  (acting  at  approximately 
45  deg.  with  the  neutral  axis)  is  often  not  stiff  enough  to  take  the  diagonal  compression  without 
buckling.     For  this  reason  stiffener  angles  are  used  in  plate  girders  (see  Sect.  2,  Art.  52). 

In  concrete  beams,  on  the  other  hand,  the  material  is  amply  strong  in  compression  but  weak 
in  tension.  Stirrups  are  therefore  added  to  assist  in  taking  this  tension,  and  main  steel  is  bent 
MP  near  the  supports.  From  Fig.  78  it  is  evident  that  shear  reinforcement  in  concrete  beams 
would  be  at  various  inclinations,  from  purely  theoretical  considerations,  but  this  is  not  practical. 
The  design  of  web  reinforcement  is  discussed  in  Sect.  2,  Art.  34.  It  should  be  noted  in  this 
connection  that  part  of  the  horizontal  reinforcement  should  always  continue  through  to  the  end 
of  the  beam  in  order  to  avoid  the  occurrence  of  high  tensile  stresses  near  the  end  of  beam  where 
shear  is  a  maximum.  The  steel  stress  must  be  kept  low  enough  so  that  large  cracks  will  not 
develop  in  the  concrete. 

66.  Flange  Buckling. — The  top  flange  of  a  steel  beam  is  in  effect  a  column  although  it  is 
stronger  than  a  column  standing  alone  because  of  its  connection  with  the  web.  It  is  therefore 
necessary  that  its  ratio  of  length  to  breadth  be  limited  in  a  similar  way  to  that  of  a  column,  if 
full  working  stress  is  to  be  used  in  design.  It  is  usually  specified  that  a  beam  must  be  supported 
laterally  at  distances  not  exceeding  20  times  the  flange  width  or  the  allowable  fiber  stress  must 
be  reduced.  The  reduction  iSs  usually  specified  to  be  in  accordance  with  a  modification  of  the 
formula  for  coliunns.  light  ties  or  trussing  may  be  used  to  hold  the  top  flange,  or  the  flange 
may  be  stiffened  with  a  plate  or  a  channel. 

66.  Deflection. — The  general  formula  for  deflection  is  derived  in  treatises  on  mechanics. 
From  the  general  formula  are  developed  the  following  formulas  for  homogeneous  beams; 

Simple  beam  uniformly  loaded — Max.  dieflection  ^^  -«j  at  the  center. 

1   Wl* 
Simple  beam  with  concentrated  load  in  the  center   ■  .^  -^rp  at  the  center. 

48  Mtl 

1  Wl* 
Cantilever  with  uniform  load — ^  -«y-  at  the  end. 

1  Wl* 
Cantilever  with  load  at  the  end — s  "«t  at  the  end. 

All  terms  must  be  in  inches  to  give  deflection  in  inches. 

Formulas  for  other  cases  may  be  found  in  the  steel  manufactureirs'  handbooks.  J.  B.  Kom- 
mers,  in  the  Engineering  Newa-Record  for  Jan  2,  1919,  gives  a  very  interesting  method  for  com- 
puting '*Beam  Deflections  under  Distributed  or  Concentrated  Loadings.'' 

Deflection  of  supports  for  plastered  ceilings  is  commonly  limited  to  ohnth  of  the  span. 

Deflection,  or  stiffness  required,  often  limits  plank  floors.     Steel  beams  supporting  machines 
frequently  have  to  be  designed  for  defleption. 

Deflection  seldom  needs  to  be  computed  for  reinforced  concrete  beams  on  account  of  their 
great  stiffness.  G.  A.  Maney  in  a  paper  before  the  seventeenth  annual  meeting  of  the  American 
Society  for  Testing  Materials  presented  the  following  formula  for  the  deflection  of  a  reinforced 
concrete  beam  of  whatever  shape: 

/>  =  c  ^  (Ce  +  Ci) 
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Where  D  »  maximum  deflection  (inches). 
I  —  span  (inches). 
d  »  depth  of  beam  to  the  center  of  the  steel  (inches). 

e«  ="  unit  deformation  in  extreme  fiber  for  the  concrete  »  ^ . 


e. 


unit  deformation  in  extreme  fiber  for  the  steel  —  ^. 

Jilt 


in  which 


Ci 


Cj 


the  numerical  coefficient  in  the  formula  for  deflection  of  homofreneous  beams, 

Z)  »  Ci  -py,  depending  on  the  loading  and  method  of  support. 

the  numerical  coefficient  in  the  formula  for  bending  moment,  M  »  ctwl*. 

For  a  simple  beam  uniformly  loaded,  e  •  ^s- 
For  a  aimple  beam  loaded  at  center,  e    •■  Ht- 
For  a  cantilever  uniformly  loaded,  e       •■  H- 
For  a  cantilever  loaded  at  the  end,  e      •  H* 

67.  UiLBynimetrical  Bending. — The  most  common  case  of  oblique  loading  or  unsymmetrical 
bending  is  that  of  I-beam  and  channel  purlins  on  pitched  roofs  (see  chapter  on  ''Design  of 
Purlins  for  Sloping  Roofs"  in  Sect.  2,  also  the  last  chapter  in  this  section). 

66.  Summary  of  Formulas  for  Internal  Stresses^ 

Moment: 

General  (uae  for  steel) 

^'^    I    "  s 
Wood  (use  for  homogeneous  rectangular  sections) 


e 


/-^    «-^    "•- 


^M 


Concrete 

For  design 

For  investigation 

/•  +  n/e      n  +in 
^  -  1  -  3        P  -  ^^ 

^^.      2M       M       M 

kjft      ftP)       K 
At  -  pbd 

A, 

k  -■    'V2pn  +  {pn)*  —  p» 

^-1-3 

MM 

^'  "    p;6d«  ■  Add 

• 

tr: 

General 

■'•        6>Ad«       ''"n(l-ifc) 

3                   7 
*  -  g  and  i   -  g  (approx.) 

Maximum 

for  wood                    Steel  I 

3F                              V 

•        2M                     •      1* 

Concrete 

V 
•  ■  hfd 

(approx.)  V  ■■ 

8V 
Ihd 


Bond: 


«  •■ 


Zoj'd 
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RESTRAINED  AND  CONTINUOUS  BEAMS 
By  Walteb  W.  Clifford 

69.  General  Information. — A  restrained  beam  is  one  which  is  more  or  less  fixed  at  one  or 
both  points  of  support.  A  cantilever  beam  is  the  most  common  example  of  a  restrained  beam. 
A  continiums  beam  is  one  which  extends  over  three  or  more  supports.  At  the  interior  supports 
of  a  continuous  beam,  and  also  at  the  end  supports  if  restrained,  the  curvature  of  the  beam  is 

concave  downward — that  is,  like  a  cantilever,  but  just  the  oppo- 
site of  a  simple  beam.  In  a  continuous  beam  of  approximately 
equal  spans  with  uniform  load,  the  curvature  near  the  middle  of  a 
span  is  like  that  of  a  simple  beam.  The  elastic  curve  (curve  of  the 
neutral  plane)  of  a  simple  beam,  a  cantilever  beam,  a  beam  fixed 
at  both  ends,  and  a  beam  continuous  over  four  spans,  are  shown 
in  Fig.  79  in  the  order  mentioned.  It  is  assumed  that  the  beams 
are  uniformly  loaded. 

Where  the  curvature  of  the  beam  axis  is  concave  downward, 
it  is  evident  that  the  material  in  the  lower  part  of  the  beam  is  com- 
pressed and  that  in  the  upper  part  is  stretched,  or  in  tension.     This 
is  opposite  to  the  condition  in  a  simple  beam,  but  like  that  of 
the  cantilever.     The  bending  moment  in  a  simple  beam  is  com- 
monly called  positive  moment.     The  bending  moment  in  a  cantilever  is  of  the  opposite  sign  and 
is  called  negative  moment.     The  continuous  beam  has  negative  moment  at  the  interior  sup- 
ports and  usually  positive  moment  at  the  center  of  span. 

Fig.  80  shows  graphically  the  moment  variation  and  the  deflection  curve  for  a  beam  con- 
tinuous over  two  spans  and  uniformly  loaded.    There  are  two  points  in 
the  beam  where  the  moment  is  zero  for  this  loading.    These  points  are 
called  inflection  points  and  are  indicated  by  small  circles.    Inflection 
points  are  also  indicated  by  small  circles  in  Fig.  79(d). 

Since  there  is  no  moment  at  an  inflection  point,  it  is  evident  that  a 
hinge  might  be  placed  at  this  point  without  changing  the  stresses  any- 
where. This  is  equivalent  to  saying  that  the  part  of  a  continuous  beam 
from  an  interior  support  to  an  inflection  point  is  in  effect  a  cantilever; 
and  the  part  of  a  span  between  inflection  points  acts  as  a  simple  beam. 
Practically  a  hinge  at  each  inflection  point  would  throw  excessive  bending  into  the  support- 
ing piers  or  columns,  in  the  case  of  unsymmetrical  loading.  But  if  we  put  hinges  at  the 
inflection  points  of  alternate  bays,  we  have  the  variation  of  the  continuous  beam  principle 
used  for  cantilever  bridges  (see  Fig.  81).  This  form  of  construction  is  also  used  for  girders, 
both  concrete  and  steel.  ^ 

Considering  the  two-span  beam  in  Fig.  80  as  a  cantilever 

{ p      "1 r*      'i        .1      at  the  center  support  with  suspended  spans  on  each  side,  it  is 

evident  that  the  reactions  and  shears  are  not  the  same  as  for 
Fia.  8L  simple  beams.    One-half  the  load  on  each  suspended  span  goes 

to  the  end  support  adjoining  and  is  equal  in  amoimt  to  the 
reaction  at  that  support.  The  other  half  is  the  shear  at  the  inflection  point.  The  shear  at 
the  center  support  is  the  shear  at  the  inflection  point  plus  the  loads  between  this  point  and 
the  support.  The  shear  at  the  center  support  is  evidently  greater  than  at  the  end  supports. 
In  the  particular  case  shown  in  Fig.  80,  the  inflection  point  is  >i  Z  from  the  center.  The 
shears  are  therefore  J^  wl  and  ^  td  at  the  end  and  center  supports  respectively,  instead  of  both 
being  3^  to  as  in  the  case  of  simple  beams.  Methods  for  computing  shear  in  continuous  beams 
are  given  in  Art.  71. 

70.  Assumption  Made  in  Design  of  Continuous  Beams. — The  moment  of  inertia,  /,  is 
usually  assumed  to  be  constant  in  value  for  the  full  length  of  the  beam  and  the  supports  are 
assumed  to  be  on  the  same  level.    Although  the  assumption  with  regard  to  7  is  not  in  error  for 

1  See  article  on  Portland  bridge,  Bng.  Rec,  Mar.  4,  1016,  p.  310. 
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a  wooden  or  steel  beam,  considerable  variation  in  the  value  of  /  may  occur  in  a  concrete  beam. 
For  example,  the  moment  of  inertia  is  usually  larger  at  the  center  of  span  for  reinforced  concrete 
T-beams,  the  ratio  of  /  at  center  to  /  at  support  varying  from  1  to  1.50  in  typical  cases  of  design, 
which  causes  about  10%  variation  in  moment.  This  variation  in  the  value  of  /  increases 
the  positive  moment  and  decreases  the  negative  moment  from  the  values  as  computed,  assuming 
/  constant  throughout. 

With  a  rigid  beam,  as  one  of  metal  or  wood,  and  with  rigid  supports,  very  precise  work  is 
required  for  each  support  to  bear  evenly  on  the  undeflected  beam.  In  a  beam  continuous  over 
two  equal  spans,  with  uniform  load,  the  center  support  carries  ^  of  the  load  and  the  negative 

moment  is  -^.     If  the  center  support  shoidd  be  lowered  by  an  amoimt  equal  to  the  deflection 

o 

of  a  benm  with  a  span  of  2Z,  the  center  support  would  take  none  of  the  load.  The  posi  tive  moment 
at  that  point  would  then  be  four  times  as  great  as  the  negative  moment  of  -q-.      The  end  reac- 

o 

tions  would  be  increased  167  %.  For  a  steel  beam  with  two  10-ft.  spans,  this  lowering  of  the  center 
support  would  need  to  be  only  K  i^^*  in  order  to  produce  the  above  change  in  moments  and  re- 
actions. From  this  illustration  it  should  be  clear  that  a  slight  change  in  elevation  of  a 
support  of  a  continuous  steel  beam  may  catise  a  great  change  in  the  moments  and  shears  as 
ordinarily  computed. 

"With  a  concrete  beam,  the  supports  are  automatically  leveled  when  the  concrete  is  poured — 
that  is,  so  far  as  the  beam  itself  is  concerned.  The  only  possible  difference  in  elevation  must 
come  from  unequal  settlement  of  supports  or  deflection  of  members  in  the  finished  structure. 
In  the  case  of  well-designed  columns  and  footings  unequal  settlement  will  be  negligible.  On  the 
other  hand,  in  the  case  of  girders  supporting  continuous  cross  beams,  the  girders  will  deflect. 
When  thb  occurs,  the  negative  moments  in  the  cross  beams  will  be  reduced,  but  the  positive 
moment  will  be  greater  than  the  moment  determined  for  supports  on  a  level.  Allowance  is 
made  for  this  in  all  concrete  design  specifications. 

71.  The  Three-moment  Equation. — The   usual  basis  of   con-  H^pm-ft 


tinuous-beam  design  is  the  three-moment  equation  derived  from  the  .  ^p^f^  j*"^- .  . 

equation  of  the  elastic  curve.    The  mathematical  derivation  of  this  t — <—^ «— ^     A    /, — 4 

formula  is  found  in  standard  text  books  on  mechanics.     The  result 

is  an  equation  for  the  moments  at  three  adjacent  supports  in  terms  ^o*  ^• 

of  the  spans  and  loads.     If  the  ends  are  free,  the  equations  of  the  ^  ft 

supports  taken  successively  in  groups  of  three  are  sufficient  to  solve    ^fj^  Y        t^^M 

for  all  the  moments  at  the  supports.     If  the  ends  are  fixed,  an  extra     \t     /j      4*     ^ ^ 

span  with  a  length  of  zero  is  assumed  at  each  end  of  the  beam  to     A$  ^  M^ 

give  the  two  needed  extra  equations.     The  common  forms  of  the  p^^  ^ 

equations  are  as  follows: 

For  uniform  loads  (see  Fig.  82) 

Af ,«i  +  2il/,(ii  +  Z,)  +  MJ,x  =  -  K(wJi'  +  wA*)  (o) 

p  For  concentrated  loads  (see  Fig.  83) 

f    1   '^      I  I  3/iZi  +  2M,  (Zi  -f  W  +  M,Z,  =  -  S  PiZi*(fci  -  fci») 

j     ♦    i      ♦     ^      I  -  S  PA«(2A;,  -  3Aj,«+  Aji»)  (6.J 

i  \  I  P  Both  of  these  equations  assume  level  supports  and  constant  /. 

^  3  (a)  4  5  Having   found  the  moments  at  the  supports,  the  shears  are 

found  by  considering  each  span  of  the  beam  (such  as  2-3,  Fig.  84a) 

after  cutting  it  out  close  to  the  supports  (as  shown  by  the  planes  m 

and  n),  assimiing  the  same  shear  and  moment  to  act  at  each  end  of 

the  cut  portion  as  in  its  original  position  (Fig.  846).     By  taking 

moments  first  about  one  end  and  then  about  the  other,  the  values  of 

the  shears  may  be  determined.     The  moments  acting  at  the  ends  must 

Flo.  84.  ]rje  included  in  the  moment  equations. 

The  reaction  at  a  support  is  the  sum  of  the  shears  on  each  side  of  the  support.     Inflection 

points  are  at  points  of  zero  moment.     Maximum  positive  moments  are  at  points  of  zero  shear. 


(b) 
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The  following  typical  example  indicates  the  method  of  applying  the  three-moment  equa- 
tion  to  an  actual  problem. 

nittstrative  Problem.— Determine  the  shears,  reactions,  and  momenta  at  the  supports  for  the  beam  of  Pi«  85 
loaded  as  shown.  ' 

K/yytM.  ,^^  IJang  general  Formula  (o)  and  noting  that  Mi  -  0,  we  have 

aflazfi^/y/g<wA^/y       44iif ,  +  ioat.  -  -  4,320,000  -  4.000,000  -  -  8,320,000  f t.-ib.  (i) 

For  the  next  two  spans 

lOATi  +  52ilfa  -  -  4,000,000  -  12,288,000  -  -  16,288,000  ft.-lb    (2) 
Solving  (1)  and  (2)  for  Mi  and  Aft 

Mt  ~  -  123,000  ft.-lb. 
Fro.  85.  Jf «  -  -  290,000  ft.-lb. 

For  shear  in  span  1-2,  consider  this  span  out  out  of  the  beam  and  take  moments  about  2.     Consider  clockwise 
moments  plus. 

+  12Fi  -  (10,000) (12) (6)  -  Af  1  -  0 

,,        720,000  -  123,000        ^^  ,,^  ,^ 
Vi  -  j2 ■"  50.000  lb. 

Taking  moments  about  1, 

Vi  +  FtL  -  120,000  -  (12)  (10.000)  chock. 
Shear  in  span  2-3.     Taking  momenta  about  2 

-  Af I  +  (16.000)  (10)  (5)  -  lOFiL  +  if,  -  0 

Vml  -  96,600  lb. 
Taking  moments  about  3 

-  JIf J  -  (16,000) (60)  +  lOVtB  +  Af •  -  0 

Ff«  -  63,4001b. 
ViL  +  VtR  -  160,000  -  (10)  (16,000)  check. 
Shear  in  span  Z-A.     Similarly 

ViR  -  114,000  lb. 

V4     -     77,500  1b. 
The  reactions  will  be  as  follows: 

«i    -  Fi  -    50.000  1b. 

Bi  "  VaL+  VtR  -  133.000  lb. 
Rt  -  Ftt  +  V»R  -  211.0001b. 
Bi     ^  Vi  -    78,000  lb. 


472,000  lb.  «-  sum  of  loads  (check). 
50,000 
10,000 


Ao  noo 
For  span  1-2,  scro  shear  and  maximum  moment  is  Tq^Tw^q  —  5.0  from  left  support,  and  M  at  this  point  is 

(50.000)(5)  -  (10,000)(|)*  -  -  125,000  ft.-lb. 

/iQ  Ann 

For  span  2-3.  scro  shear  is  ^^'^^  -  3.96  ft.  from  2,  and  M  at  this  point  is 

-  123.000  +  (3.96)  (63,400)  -^5:^(16.000)  -  2,600  ft.-lb. 

For  span  3-4,  the  maximum  positive  moment  is  253.000  ft.-lb.  and  occurs  at  a  point  6.5  ft.  from  the  right  support. 
Inflection  points  occur  as  follows: 

Span  1-2.  Af,  -  0  -  F,x  -   12?^^ 

50,000       ,^ ,.    ,         ,  ,^      J 
*  "    e  nnr,    "  10  ft.  from  Icft  eud. 

0,lHAJ 

Span  2-3.  Af ,  -  0  <-  -  123,000  -  ^(16,000)  +  63,600x 

X*  -  7.92x  -  -  16.38,  or  a;  -  3.96  ±  0.56 
Inflection  points  occur  at-  3.41  ft.  and  4.51  ft.  from  2. 
Span  3-4.    Inflection  point  is  13.0  ft.  from  4. 
The  portions  of  the  beams  having  positive  monient  may  be  considered  simple  beams  as  a  eheok  on  the 
moment. 

8p«.  1-2.  U  -  (").0«)H10)(10)  .  125.000  U.-lb. 

8p«.  8-4.  M  -  (».000K13)(13)  .  ^^  j^_.,^ 

8p.n  ^.  M.  "«.000)(M0)(1.10)  _  ^  ^  ,^  .^ 

In  the  span  2-3,  the  inexact  check  is  due  to  lack  of  precision  of  the  slide  rule  in  the  previous  oompntationa. 
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Shear 


Fia.  86. — Sheftr  and  moment  curves  for 
b«am  shown  in  Fig.  85. 


The  eheolcB  giyen  in  the  example  are  oheoki  on  certain  portions  of  the  mathematics  only  and  a  problem  may 
b?  carried  throuch  incorrectly  and  all  these  checks  used. 

The  shears  and  moments  as  computed  above  are  shown  in  Fig.  86. 

The  forecoing  example  is  tsrpioal,  but  computations  are  often  long  and  laborious.  Consequently,  the  oppor^ 
tuntty  for  mathematioal  error  is  great  and  an  error  once  made  follows  through  succeeding  calculations.  Signs  are 
the  most  common  source  of  error.  To  avoid  this  as  far  as  possible, 
the  sum  of  the  moments  should  be  equated  to  aero  instead  of  placing 
positive  moments  on  one  side  of  the  equality  sign  and  negative 
moments  on  the  other  side.  Great  care  must  be  used  in  determin- 
ing the  sign  of  the  various  functions.  It  is  well  to  call  clockwise  mo- 
ments plus  and  counterclockwise  moments  minus. 

Data  on  a  great  variety  of  continuous  beams  are 
given  in  Hool's  ''Reinforced  Concrete  Construction/' 
Vol.  II,  and  in ''Concrete  Engineers'  Handbook"  by  Hool 
and  Johnson. 

78.  Continuous  Beam  Practice. 

72a.  Steel,  Wood,  and  'Cast  Iron. — Steel 
beams  are  practically  never  designed  as  continuous  in 
building  construction  on  account  of  variation  in  the 
height  of  supports.  They  are  ordinarily  fixed  to  columns 
by  riveted  connections,  but  the  columns  are,  however, 
often  of  little  greater  moment  of  inertia  than  the  beams. 
The  actual  fixity  of  the  beams,  therefore,  depends  upon 
the  sti£Fness  of  the  column  and  adjacent  beams.  Except 
where  wind  loads  are  to  be  considered  (see  Chapter  on 
"Wind  Bracing  of  Buildings,"  Sect.  3),  steel  beams  are  usually  assumed  to  have  free  ends, 
which  is  on  the  safe  side  as  far  as  the  beams  arc  concerned. 

Wooden  beams  are  seldom  continuous  and  in  building  construction  usually  have  free  ends. 
Cast^ron  members  or  parts  are  often  continuotis  and  are  sometimes  fixed  at  the  ends.  Suitable 
reductions  in  moment  factors  should  therefore  be  made. 

It  should  be  noted  that  beams  of  two  spans  have  the  same  maximum  moment,  whether 
continuous  or  simple.  If  beams  are  of  constant  section,  there  is,  therefore,  no  difference  in 
section  required.  If  shear  or  center  reaction  is  the  criterion,  however,  the  excess  of  25%  in 
shear  at  the  center  support  in  the  case  of  the  continuous  beam  should  be  considered. 

726.  Concrete. — The  principal  use  of  continuous-beam  design  in  buildings  is  in 
concrete  construction.  Where  spans  are  equal  or  very  nearly  so,  the  moments  recommended  by 
the  Joint  Conunittee^  are  commonly  used.  These  specify  double  the  strength  theoretically 
required  for  positive  moment  in  order  to  allow  for  deflection  of  supports. 

Simply-supported  ends  are  not  common  in  concrete  construction.  They  may  occur  when  a 
concrete  member  is  supported  on  steel  or  brick.  Where  concrete  supports  are  used,  there  is 
always  some  degree  of  fixity,  but  seldom  are  the  ends  entirely  fixed.     Beams  framing  into  heavy 

lower-story  columns  may  to  all  practical  purposes  be  considered  as  fixed. 
In  other  cases  there  is  partial  restraint  at  end  supports,  and  part  of  the 
moment  of  eccentric  loadings  is  taken  by  the  columns  at  intermediate 
supports.  This  matter  is  well  discussed  by  Edward  Smulski  in  an  article 
on  "Design  of  Wall  Columns  and  End  Beams"  in  Journal  American 
^s^  ^^     Concrete  Institute  for  July,  1915. 

I      >^. — .jr      \  In  practical  construction,  supports  have  considerable  width.     Thus 

\^M  moment  curves  over  supports  wiD  actually  be  somewhat  as  shown  in  Pig. 
87(&).  Thb  will  tend  to  reduce  the  maximum  negative  moment.  In  the 
theoretical  case,  the  maximum  occurs  at  one  point  only  (Fig.  87a). 
The  Joint  Committee  allows  higher  unit  stress  in  the  concrete  at  a  support  because  the  actual 
negative  moment  is  lower  than  that  figured  and  occurs  only  for  a  short  length  of  beam,  and 
also  because  the  section  is  enlarged  due  to  the  column.* 


Fio.  87. 


1  See  Sect.  2.  Art.  38. 


*  See  Sect.  2,  Art.  4f4,  and  Avpmdix  J, 
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72c.  Concentrated  Loads. — ^Uniform  load  is  the  common  assumption  in  building 

design.     For  ordinary  concentrated  loads,  it  is  common  practice,  and  sufficiently  accurate,  to 

compute  the  maximum  moment  by  considering  the  beam  or  girder  simply  supported,  and  then 

reducing  this  maximum  moment  by  the  same  ratio  used  in  the  uniform  loading.     For  example, 

suppose  the  maximum  moment  due  to  given  concentrated  loads  is  3/,  considering  the  beam 

simply  supported,  then  if  H2  ^*  would  be  used  in  uniform  loading  instead  of  }i  wl*  required  for 

the  simply  supported  beams,  5^2  of  Af,  or  ?i  Af,  may  be  used  for  the  concentrated  loads. 

72d.  Shear  and  Moment 
I  2 


9 
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£f7 
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Considerations. — In  the  case  of 
unimportant  members  or  those 
which  occur  only  once,  it  is  often 

cheaper  to  design  even  for  -^  at 

both  center  and  support  than  to 
go  to  elaborate  computations. 
Moment  and  shear  factors  for  odd 
spans  or  unusual  loads  should  not 
be  assumed  by  any  but  experienced 
engineers. 

Shears  and  moments  in  con- 
tinuous beams  with  supported  ends, 
uniform  load  on  all  spans,  and  with 
spans  all  equal,  are  shown  in  Figs. 
88A   and  885  respectively.     The 


f42  f4?.  /42  142  f42  /42  142  142 

Fia.  88A.-^hcar8  in  continuouu  beams;  supported  ends;   uniform    heam   continuous    over  two  Spans 


loads  on  all  spans;  spans  all  equal.     Coefficients  of  (tr2). 


070 


y<r^'-/2S^'^'^o 


.^77-» 


^2S     3 


^^; 


k 
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^J^.07/^ 


3  4     ^j077 


•jP78 


is  like  two  beams,  each  with  one 
end  fixed  and  one  end  supported. 
The  beam  fixed  at  both  ends  is 
like  the  center-span  portion  of  a 
continuous  beam  of  a  large  num- 
ber of  spans. 

The  moment  curves  of  a  fixed 
beam  and  a  simple  beam  for  uni- 
form loading  are  the  same  but  with 
the  axis  of  zero  moments  shifted 
(see  Fig.  89) — ^that  is,  the  arithme- 
tical sum  of  the  center  moment  and 


/>7$'^^ 
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the  end  moment  equals 
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88B. — Moments  in  continuous  beams;  supported  ends;  uniform 
load  on  all  spans;  spans  all  equal.     CoeflScienta  of  (tr<*). 


Fig.  90  shows  moments  for 
center  concentrated  loads  on  two 
equal  spans.  Fig.  91^  gives  shears 
and  moments  for  a  uniform  load  on 
two  continuous  spans,  one  twice 
the  other. 
For  important  members,  especially  those  which  are  typical  and  repeat  many  times,  com- 
putations should  be  made,  similar  to  the  example  given  in  Art.  71. 

In  concrete  construction  the  dead  load  is  usually  a  larger  proportion  of  the  total  load  than  is 
true  in  other  types  of  construction.  This  dead  load  is  fixed  and  generally  uniform.  In  com- 
putations, therefore,  it  is  necessary  to  compute  moments  for  the  entire  uniform  dead  load  and 
then  compute  moments  for  live  load  with  such  spans  loaded  as  will  give  maximum  moments  at 


^  From  paper  by  Fbank  S.  Bailit  on  **  Continuous  Beams  of  Unequal  Spans"  in  Jou^.  Boston  Soo.  C.  E.,  Oct., 


1917. 
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various  points.     The  live  and  dead  moments  must  then  be  so  combined  as  to  give  maximum 
values. 


Fxa.  80. 

w  /ikpmrfi 


V-4 4* 


-ec- 


Fxa.  00. — Momenta  fmr  oonoentrated  loads  on 
two  equal  spans. 


3: 


■eA- 


MoiTMnts 

Fig.  91. — Shears  and  moments  for  a  uniform  load  on  two  continuous  spans,  one  twice  the  other. 

The  following  functions  were  computed  for  a  threensDan  beam,  the  center  span  being  twice 


the  side  spans  and  a  live  load  of  -^  lb.  per  ft.  (Fig.  92) : 


Loading 

Rx 

Rt 

VfL 

Vta 

Mt 

Positive  Afi-i 

at  center 

Location 
of  2 

Value 

Pull 

Center 
span.. 

Both 
ends.. . 

One  end . 

Maxi- 
mum. . 

0.11  id 

-O.126t02 

0.235io2 
0.227wl 

/+0.346u>2\ 
\  -O.OlSwlJ 

0.80  io2 

O.62610I 

0.;365w2 
0.289ip2 

1.78  io2 

0.39  102 

0.125io2 

0.265tr2 
-O.273t02 

0.78  102 

0.60  102 

0.60  to2 

0.00  ir2 
0  .O16t02 

l.OOOtd 

-0.14  w2« 

-0.125w2s 

-0.016to2« 
-0.023iirf> 

-0.28  io2< 

0.22 

0.012102* 

0.11  i02> 

O.125102S 

-O.O16t02« 
-0.0142I* 

O.235t02< 

0.4692 
0.4562 

O.O55i02> 
O.O52i02« 

O.O67i02» 

One-half  of  the  beam  only  is  shown.  It  will  be  noted  that  Ri  and  Mi^t  are  maximum  with  live 
load  on  two  end  spans.  Rt^  VtLt  Vis  and  Mt  are  maximum  with  full  load  and  Af s.s  with 
live  load  on  the  center  span  only.  Some  parts  of  the  beam  may  have  either  positive  or  nega- 
tive moment. 

Computations  may  be  made  directly  for  various  combinations  of  dead  and  live  loads  as 
was  done  for  a  large  school  building.  Loadings  as  indicated  in  Fig.  93  only  were  considered. 
The  resulting  maximum  moments  were: 
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Jfi-i 

-      0 .0894ii^s 

Live  load  on  two  end  sixanB 

Dead  load  ^i  total 

' 

Mt 

-  -0.0822vl> 

Live  load  on  one  end  span 

Mt-t 

-  -0.0602wZ« 

Live  load  on  two  end  spans 

(No  positive  moment  in  center  span) 

Afi-« 

-      0 .0894u>f  s 

Dead  load  H  total 

Mt 

-  -0.0822tpf« 

Loadings  as  above 

Mt-i 

-  -0.057u»i« 

Max. 

Ri 

i"  Ra 

-  0.42toI 

Live  load  on  end  spana 

Max.  i?s  -  As  -  0.83wZ FuU  load 

Max.  Vti,       a  0 .58v>l Live  load  on  end  spans 

Max.  ViB       "  0 .25102 Live  load  on  center  span 

The  case  of  live  load  on  center  and  one  end  span  is  not  considered  in  these  examples. 


£5 
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Fig.  93. 


Fia.  92. 

From  the  foregoing  it  is  evident  that  a  relatively  short 
span  between  long  spans  may  have  negative  moment 
throughout.  In  the  case  of  a  very  short  intermediate 
span,  a  practical  method  of  design  is  to  neglect  it  as  a  beam 
and  treat  it  as  a  broad  support  for  the  adjacent  beams. 

72e.  Shoring. — From  a  consideration  of  the 
moment  curve  for  two  spans  (Fig.  80)  it  is  evident  that 
indiscriminate  shoring  of  beams  in  the  center  may  do  more 
hann  than  good.  Consider  a  span  having  a  uniform  load 
and  introduce  a  support  in  the  center  at  the  same  elevation 
as  the  original  supports.  The  moment  over  this  support 
is  one  quarter  of  what  it  was  before,  but  of  opposite  sign. 
In  the  case  of  a  concrete  beam  or  of  a  truss  the  result  will 
often  be  failure.  The  shear  which  was  zero  at  the  center 
becomes  ^e^h  of  the  whole  load,  which  may  abo  be 
dangerous. 
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73.  Deflection. — Continuous  and  fixed  beams  have  less  moment  under  similar  conditions 
than  simple  beams  and  the  deflection  is  therefore  less.  Some  moments  and  shears  as  well  as 
deflections  are  here  repeated  for  comparison: 


Maximum 
positive 
moment 


Maximum 
negative 
moment 


Distance 
from  support 
to  inflection 
point 


Maximum 
deflection 


Simple  beam;  uniform  load 

Simple  beam ;  concentrated  load 

Cantilever;  uniform  load 

Cantilever;  load  at  end 

Beam  fixed  one  end,  supported  at  other;  uniform  load  . . 

Beam  fixed  one  end,  supported  at  other;  concentrated 
load  at  center 

Beam  fixed  at  both  ends;  uniform  load 

Beam  fixed  at  both  ends;  concentrated  load  at  center . . 


"8" 
Wl 

4 


L 


_9^ 

128 


wl* 


32 
24 

m 

8 


2 

Wl 


8 


wl* 


16 

w^ 
12 

m 

8 


Wl 


1' 


0.21U 
4 


5tt>f« 
384^1 

Wl* 
4SEI 
wl* 

6EI 

W7» 


0.008 


wl* 
Ei 


Wl* 

0.0054!^^ 

EI 

vA* 


384^/ 

Wl* 

102£/ 


74.  Internal  Stresses. — The  formulas  for  internal  moment  and  shear  developed  in  the 
chapter  on  ''Simple  and  Cantilever  Beams"  apply  to  continuous  and  restrained  beams.  In 
parts  subjected  to  negative  moment,  compression  will  be  at  the  bottom  and  tension  at  the  top 
as  in  a  cantilever.  In  the  rest  of  the  beam,  stresses  will  be  as  in  simple  beams.  The  magnitude 
and  direction  of  shear  and  diagonal  tension  is  the  same  in  relation  to  the  external  moment  and 
shear  in  continuous  and  restrained  beams  as  it  is  in  simple  beams. 
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GENERAL  METHODS  OF  COMPUTING  STRESSES  IN  TRUSSES 

By  George  A.  Hool 

76.  Two  Methods  Used. — ^The  stresses  in  the  members  of  a  truss  may  be  computed  either 
by  a  "method  of  sections"  or  by  a  "method  of  joints."  It  is  often  convenient  to  compute 
the  stresses  in  some  of  the  members  of  a  truss 
by  one  method  and  the  stresses  in  the  remaining 
members  by  the  other  method. 

In  either  method  the  necessary  procedure, 
in  order  to  determine  stresses  for  a  given  load- 
ing, is  to  separate  the  given  truss  into  two  parts 
by  an  imaginary  section,  either  plane  or  curved ; 
the  part  of  the  truss  to  one  side  of  the  section 
is  removed  (that  is,  considered  so)  together  with 
all  external  forces,  and  the  members  that  are  i 
cut  by  the  section  are  replaced  by  the  stresses   mR  -q 

oAfiner     in     'f.VkrkOA     mAnnV\Ai*a  Tlvr    ae\     Ar\\-r\tr     4'VkA         ^ 


[/ 


(c) 


acting  in  those  members.     By  so  doing,  the 

part  of  the  truss  considered  will  be  in  equilibrium 

due  to  the  outer  forces  acting  on  that  portion 

of  the  truss  and  the  stresses  in  the  members 

cut.    If  the  section  is  taken  completely  across  the  truss,  as  XX'  or  YY'y  Fig.  94(o),  so  that 

the  members  cut  do  not  all  intersect  in  one  point,  then  the  method  used  is  the  method  of 


Fia.  94. 
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aecUons.    h  the  section  is  so  taken  that  the  members  do  all  intersect  in  one  point,  as  ZZ', 
Fig.  94(a),  then  the  method  used  is  the  method  of  joints. 

76.  Algebraic  Treatment — The  algebraic  treatment  of  the  method  of  sections  will  be  ex- 
plained with  reference  to  the  truss  shown  in  Fig.  94(a)  which  is  subjected  to  moving  loads  trans- 
mitted to  the  lower  panel  points.  Assume  that  the  maximum  stresses  in  members  (1),  (2)  and 
(3)  of  the  truss  are  required,  these  members  being  cut  by  the  section  XX\  Consider  the  portion 
of  the  truss  shown  in  Fig.  94(b).  For  a  definite  loading  the  forces  are  all  in  equilibrium  as  ex- 
plained above  and,  since  only  three  members  are  cut,  any  or  all  of  the  three  equations  of  equi- 
.librium  can  be  used;  namely,  XH  =  0,  27  =  0,  and  SAf  =  0  (see  Art.  436).  First  use  the 
equation  SM  ==  0.  This  equation  is  true  about  any  point  in  the  plane  of  the  truss  but,  in 
order  to  get  the  stress  in  a  given  member  directly,  it  is  necessary  to  take  the  center  of  moments 
at  the  intersection  of  the  other  two  members.  For  example,  the  stress  in  Ft  for  a  given  loading 
can  be  found  by  taking  moments  about  the  point  27 1.  It  should  be  noticed  that  Ui  is  vertically 
above  Li  and,  since  the  loads  are  all  vertical,  the  moments  at  Ui  and  Li  are  equal.  The  maxi- 
mum stress  in  Fs,  then,  occurs  with  the  loading  which  gives  maximum  moment  at  the  first  panel 
point  from  the  left  support  (see  chapter  on  '* Shears  and  Moments").  Call  this  maximum 
moment  Af  i.  The  moment  of  Fi  (when  Fs  is  a  maximum)  about  the  point  Ui  must  be  equal  and 
opposite  to  3/ 1  in  order  that  SM  may  equal  zero.     Thus 

(max.  Ft)(h)  =  Mi 

„       Ml 

or  max.  r  i  =  -r- 

In  the  same  manner,  calling  Mt  the  maximum  moment  at  the  second  panel  point, 

p        Mt 

max.  r  1  =  -r- 

It  should  be  observed  (tising  ZM  =>  0)  that  the  stress  in  the  upper  chord  acts  toward  the 
section,  thus  denoting  compression,  while  the  stress  in  the  lower  chord  acts  away  from  the 
section,  thus  denoting  tension;  that  is,  Pi  »  compression  and  Ft  =  tension.  This  is  true  of 
all  the  upper  and  lower  chords  throughout  the  truss. 

The  maximum  stress  Ft  remains  to  be  found.  This  may  be  accomplished  by  using  the 
equation  27=0.  The  vertical  component  of  the  maximum  stress  in  Ft  is  equal  to  the  maxi- 
mum positive  shear  in  the  second  panel  from  the  left  support      Call  this  component  7s.     Then 


max.  Fa  =  Vt 


UiLt 


h 

In  using  the  equation  27  «  0,  observe  that  the  stress  acts  away  from  the  section,  thus  denoting 
tension. 

Let  the  maximum  stress  be  required  in  members  (1),  (4),  and  (5),  Fig.  94(a).  Take  the 
section  YY\  Using  2^  »  0,  and  knowing  that  the  loads  are  all  vertical,  the  stress  in  member 
(1)  is  seen  to  be  equal  and  opposite  to  the  stress  in  member  (5).  This  applies  for  any  loading, 
hence  the  loading  giving  maximum  stress  in  member  (1)  will  also  give  a  maximum  stress  in 
member  (5)  of  the  same  amount;  that  is,  the  loading  giving  the  maximum  moment  at  the  second 
panel  point  from  the  left  support  will  cause  maximum  stress  in  both  members  (1)  and  (5). 

The  maximum  stress  (compression)  in  member  (1)  is,  as  before,  -r—  using  23f  =  0.     This 

same  amount  of  tension,  then,  occurs  in  member  (5).  The  maximum  stress  in  member  (4) 
is  directly  the  maximum  positive  shear  in  the  third  panel  from  the  left  support,  using  the  equa- 
tion 27  =  0.     Stress  in  member  (4)  is  compression. 

In  the  method  of  sections,  the  section  should  always  be  taken  so  as  to  cut  only  three 
members  whose  stresses  are  unknown.  If  more  than  three  members  are  cut,  there  are  more 
unknown  quantities  than  can  be  found  by  the  principles  of  statics. 

The  method  of  joints  is  only  a  name  given  to  the  manner  of  determining  stresses  from  the 
conditions  of  equilibrium  of  concurrent  forces.  The  manner  of  using  the  algebraic  conditions, 
namely,  2/7  »  0  and  27  =  0,  is  explained  in  an  illustrative  problem  on  p.  10,  the  stresses 
being  determined  in  the  members  of  a  crane  truss.     It  should  be  clear  that  this  method  can  be 
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applied  to  a  joint  only  when  there  are  two  unknown  stresses.  In  solving  a  trusa  by  this  method, 
it  is  evident  that  a  joint  must  be  selected  where  but  two  members  meet  and  then  proceed  from 
this  to  other  joints. 

In  the  algebraic  method  of  joints,  if  a  maximum  stress  is  desired  in  a  certain  member  of  a 
truss,  all  the  joints  from  one  end  of  the  truss  up  to  the  member  considered  must  be  computed 
for  the  loading  giving  maximum  stress  in  that  membfir  only.  For  this  reason  the  algebraic 
method,  although  perfectly  general,  is  too  laborious  to  be  employed  in  practice  in  determining 
the  maximum  stresses  in  all  the  members  of  an  ordinary  truss.  It  may  be  used  with  great 
advantage,  however,  for  certain  specific  members,  and  should  be  understood.  A  graphical 
method  based  upon  the  same  principles  is  well  adapted  for  many  types  of  trusses,  particularly 
roof  trusses  with  non-parallel  chords.  In  roof  trusses,  the  conditions  for  probable  maximum 
stress  in  the  given  members  are  few,  and  usually  all  the  stresses  may  be  computed  graphically 
for  each  loading  in  much  shorter  time  than  it  would  take  to  compute  the  stresses  throughout 
the  truss  algebraically  for  any  one  condition  of  loading. 

nivstimtiTe  Problem. — Roof  truss  of  Fig.  95(a) ;  lotuda  aa  ehown.  (a)  Required  the  gtreapM  in  all  memben  alge- 
braically by  the  method  of  aeotions.     (6)  By  the  method  of  joints. 

(a)  Method  of  Sections 

To  find  the  stresses  in  members  Ltl/i  and  L«Li,  pass  a  section  tp-b  cutting  these  members.  Consider  the  truss 
to  the  left  of  the  section.  Fig.  96(6)  shows  the  joint  at  L9  removed  and  the  known  loads  applied,  together  with  the 
unknowns  Si  and  ^Ss.  assumed  to  act  as  shown.  Consider  upward  forces  and  forces  to  the  right  as  positive:  down- 
ward forces  and  forces  to  the  left  as  negative.  The  two  equations,  2F  ■■  0  and  2£/  •■  0,  may  be  employed  to  find 
the  two  stresses  Si  and  jSi. 

ZV  -  0.     4000  -  1000  -  SiainB  "  0 

Si  ■-  (3000)  (      -   )  "  6710  lb.  (compression,  as  assumed,  since  result  is  positive). 

XH  ^  0.     Si  -  Si  COB  e  ^  0 

St  -■  (0710)  (22  aa)  "  ^^'^  ^^'  (^°*ion,  aal  assumed,  since  result  is  positive). 

To  find  the  stresses  in  members  C/iC/s,  UiLt,  andLiXi.  pass  a  section  e-d  cutting  these  members  and  consider 
the  portion  of  the  structure  to  the  left  (Fig.  95e).  The  three  equations  of  equilibrium  may  be  used  to  determine 
the  three  unknown  stresses,  but  the  solution  may  be  simplified  by  employing  only  ZM  »  0  three  tames.     This  equa- 
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Fig.  95. 


tion  should  be  applied  at  the  intersection  of  two  members  to  find  the  stress  in  the  third.  Thus,  to  determine  the 
stress  in  U\  Ut,  take  moments  about  Ls,  the  intersection  of  UJA  and  LiLi.  Then,  considering  clockwise  moments  as 
positive. 

4000(20)  -  1000(20)  -  2000(10)  -  S»(a)  -  0 
St  »  4470  lb.  (compression) 
The  stress  in  S*  may  be  obtained  by  taking  moments  about  Lt,  the  intersection  of  Ui  Ut  and  LiLt. 

2000(10)  -  54(6)  -  0 
S4  "  2240  lb.  (compression) 
The  stress  in  St  may  be  found  by  taking  moments  about  Ui,  the  intersection  of  UiLt  and  I/i  Ut. 

(4000  -  1000)  (10)  -  5i(5)  -  0 
St  -  6000  lb.  (tension) 
Other  sections  should  now  be  taken  cutting  only  three  members  whose  stresses  are  unknown  and  the  moment 
equation  again  applied.     Proceeding  in  this  manner  the  stresses  in  all  the  members  may  be  determined. 

(6)  Method  of  Joints 

The  stresses  in  members  LtUi  and  LoLi  are  determined  as  for  the  method  of  sections  and  the  solution  will  not 
be  repeated  here. 
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Passing  now  to  the  next  joint  at  which  only  two  unknowns  exist,  joint  Li  will  be  selected,  shown  in  Fig.  96(a). 
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ZF  -  0.    5<  -  0 

ZH  -  0.     Si  -  5i  -  0 

or  Si  -  St  -  6000  lb.  (tension) 
Next  pass  to  joint  I/i,  which  is  shown  in  Fig.  06(6).    The  two  unknown  forces  are  8%  and  S«. 
ZK  -  0.    Si  sintf  +  S4  sintf  -  St  sintf  -  2000  -  0 

S4  sintf  -  St  sintf  -  -  1000 
ZH  -  0.    Si  C069  -  S4  costf  -  St  oos«  «  0 
S4  coetf  +  St  cos«  -  6000 
These  independent  equations  involve  only  the  unknowns  St  and  S4.     Solving  simultaneously 

S4  _  S,  -  -  2236 
S4  +  St  -  +  6708 
^  St  —  4470  lb.  (compression) 

S40  22401b.  (compression) 
The  stresses  at  joint  V\  are  now  completely  determined.     In  the  same  way  pass  to  the  other 
joints  until  all  the  stresses  in  the  members  of  the  truss  are  determined. 


tOOOA 
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Tl.  Graphical  Treatment.-^In  the  graphical  method  of  sections  it  is  necessary  to  commence 
at  one  end  of  the  structure  and  pass  a  section  cutting  but  two  members.  The  stresses  in  these 
members  can  be  determined  by  the  single  condition  that  the  force  polygon,  drawn  from  the  forces 
on  one  portion  of  the  structure,  must  close.  Next  a  section  is  taken  cutting  three  members, 
one  of  which  has  already  been  determined,  and  the  two  unknowns  can  be  found  by  the  force 
polygon  method  as  before.  By  successive  sections  taken  in  this  manner,  all  the  stresses  can  be 
determined  by  simple  force  polygons. 

The  graphical  construction  resulting  from  the  method  of  joints  is  identical  with  that 
resulting  from  the  method  of  sections.  The  only  difference  is  the  sections  taken  and,  conse- 
quently, the  order  in  which  the  lines  are  drawn.  The  method  of  joints  is  generally  preferred  in 
practice  on  account  of  its  simplicity  and  this  method  only  will  be  illustrated  here. 

UlnttratiTe  Problem.— Required  the  strcbses  in  all  members  of  the  roof  trusb  shown  in  Fig.  07(a)  by  the  graph- 
ical method  of  joints;  loads  as  shown. 

It  will  simplify  matters  to  draw  a  sketch  of  the  truss  to  some  suitable  scale  and  show  on  it  all  the  outer  forces 
including  reaotions.  Also,  to  designate  all  the  forces  and  members  on  this  sketch  by  letteis  so  located  that  each 
foroe  and  each  member  will  lie  between  two  letters  and  only  two,  as  illustrated  in  97(a). 

Now  any  foroe,  as  AB,  for  example,  in  this  figure  may  be 
designated  in  the  graphical  solution  by  a  line  having  a  length  cor- 
responding to  the  magnitude  of  the  foroe  and  with  the  letter  a 
at  one  end  and  the  letter  b  at  the  other.  By  going  through  the 
graphical  construction  in  this  mannei  one  lettei  only  need  be 
placed  at  each  apex  of  a  force  polygon  and  the  work  is  gieatly 
simplified. 

The  next  step  is  to  draw  a  force  polygon  foi  the  outer 
forces  to  a  scale  of  sufficient  sise  to  give  the  desired  accuracy.  4000^ 
The  foroe  polygon  is  abedefga  in  Fig.  97(6)  and  is  a  straight 
line,  since  all  the  forces  are  vertical.  The  external  forces  should 
be  plotted  in  the  order  obtained  by  going  around  the  figure  in  a 
clockwise  direction,  ah  —  1000.  6c  -  cd  >  d«  -•  20(X).  ef  ■> 
1000.  So  ^  Rt  ^  4000.  0a  -  Ai  -  4000.  The  light  and  left 
reactions  must  previously  be  computed  either  algebraically  or 
graphically  (see  chapter  on  "Reactions"). 

The  force  polygon  should  now  be  drawn  for  joint  Lt.  The 
unknown  forces  which  act  at  this  joint  are  the  stress  in  BH  and 
the  stress  in  HO.  bh  and  hg  are  known  in  direction  but  not  in 
magnitude,  hence,  there  are  but  two  unknowns  and  these  can  be 
found  by  the  polygon  of  forces.  The  figure  abhga.  Fig.  97(6),  is 
this  polygon  obtained  by  drawing  from  6  a  line  parallel  to  BH, 
and  from  g  a  line  parallel  to  HO.  The  lines  bh  and  hg  may  now  be 
scaled  from  the  foroe  polygon  to  obtain  the  magnitude  of  the 

Btresses  in  the  two  members  intersecting  at  L«.  The  character  of  these  stresses  must  also  be  found.  The  forces 
at  joint  !)•,  being  in  equilibrium,  must  follow  in  order  around  the  corresponding  force  polygon.  Reading  around 
Joint  Ihi  in  a  clockwise  direction  gives  bh  acting  downward  to  the  left,  or  toward  the  joint  L9,  thus  showing  com- 
preeeion,  and  hg  acting  toward  the  right,  or  away  from  the  joint  Ls,  showing  tension. 

The  joint  JLi  is  the  next  one  at  which  only  two  unknowns  exist.  The  stress  ir  OH  ib  known  from  joint  Z«,  and 
the  stresses  in  HJ  and  JO  are  unknown.  The  corresponding  foroe  polygon  hjg  for  this  joint  must  close.  Sine* 
gh  and  iff  have  the  same  line  of  action,  the  line  in  the  foroe  polygon  representing  the  magnitude  of  hj  will  be  a  point, 
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thua  hsvinc  no  lencth.  The  atress  in  HJ  ia.  therefore,  aero.  Thia  might  have  been  aeen  by  inapection,  aa  there  ia 
no  load  at  Li  to  cauae  atreaa  in  thia  member.  In  reading  aiound  joint  Li  in  a  clock wiae  diiection,  the  line  JO  ia  from 
left  to  right,  and  the  atreaa  aeta  away  from  joint  Li,  denoting  tenaion. 

Now  paaa  to  joint  Uu  The  atreeaea  in  CK  and  KJ  are  the  unknowna.  To  obtain  them  diaw  ek  vxdjk  in  the 
force  polygon  parallel  reapeotively  to  the  oorreaponding  membera  in  the  truaa.  (The  btreaa  being  aero  in  JH, 
the  whole  apace  occupied  by  /  and  H  may  conveniently  be  called  J.)  Reading  around  joint  C7i  in  a  dookwiae  direc- 
tion givea  both  ek  and  kj  acting  toward  the  joint  Ut,  hence,  denoting  compreaaion  in  both  theae  membera.  The 
polygon  oonaidered  is  bekjb.     In  a  aimilar  manner  the  atreaaea  in  the  other  bara  may  be  determined. 

STRESSES  IN  ROOF  TRUSSES 

Bt  H.  S.  Rogers 

78.  Kinds  of  Stresses. — Stresses  in  roof  trusses  may  be  either  direct  or  combined.  The 
stress  in  a  member  is  usually  assumed  to  be  direct  unless  the  member  is  loaded  at  one  or  more 
points  along  its  length  or  unless  it  is  subjected  to  a  distributed  loading  other  than  its  own  dead 
weight.  For  method  of  computing  combined  stresses  see  chapter  on  ^*  Bending  and  Direct 
Stress — Wood  and  Steel."     Direct  stresses  only  are  considered  in  this  chapter. 

T9.  Loads. — The  loads  upon  a  truss  may  be  classified  as  (1)  dead  load,  (2)  wind  load,  (3) 
snow  load,  and  (4)  miscellaneous  load.  The  dead  load  is  vertical  and  includes  the  weight  of 
the  truss  and  all  fixed  loads  of  the  completed  structure  bearing  upon  or  suspended  from  the 
truss.  For  calculating  direct  stresses,  the  dead  load  is  considered  as  concentrated  at  panel 
points  of  the  truss.  The  wind  load  is  concentrated  at  panel  points  and  is  usually  taken  normal 
to  the  plane  of  the  roof.  The  snow  load  is  vertical  and  treated  in  a  manner  similar  to  the  dead 
load.  The  miscellaneous  load  may  be  due  to  mechanical  equipment  of  a  fixed  or  moving  char- 
acter suspended  from  or  supported  by  the  roof  truss.  If  such  loads  exist,  their  effect  should  be 
carefully  studied  and  provided  for. 

80.  Reactions. — The  reactions  upon  a  truss  together  with  the  external  loads  form  a  com- 
plete system  of  forces  in  equilibrium.  The  reactions  are  vertical  for  dead  and  snow  loads. 
Because  the  one-half  dead  panel  load  concentrated  at  the  end  of  a  truss  has  the  same  line  of 
action  and  is  opposite  in  direction  to  the  total  reaction,  it  may  be  subtracted  from  the  total  and 
the  difference,  called  the  "effective  reaction,"  may  be  used  in  the  solution  of  problems. 

The  direction  and  relative  magnitude  of  wind  load  reactions  depend  upon  the  type  of  end 
supports.  Three  conditions  for  truss  bearings  are  commonly  used:  (1)  both  ends  fixed,  (2) 
one  end  fixed  and  the  other  movable  in  a  horizontal  direction,  (3)  both  ends  equally  free  to  move 
by  elastic  deflection  in  the  columns  supporting  the  truss.  Condition  (1)  exists  when  both  ends 
of  the  truss  are  rigidly  anchored  to  solid  masonry  walls.  For  this  condition  the  wind-load  reac- 
tions are  usually  considered  parallel  to  the  wind  load.  Condition  (2)  exists  when  one  end  of  the 
truss  is  placed  upon  a  rocker,  sliding  plate,  or  roUers,  and  the  reaction  then  at  the  free  end  may 
be  considered  vertical.  Condition  (3)  exists  in  framed  bents — ^that  is,  when  roof  trusses  are 
attached  to  columns  instead  of  being  placed  on  masonry  walls;  for  which  condition  the  two  hori- 
sontal  components  of  the  reactions  at  the  points  of  inflection  in  the  columns  are  considered  equal. 
For  stresses  in  framed  bents,  see  Sect.  3,  Art.  164.  For  methods  of  computing  reactions,  see 
chapter  on  "  Reactions.  ** 

81.  Methods  of  Computing  Stresses. — The  two  general  methods  of  computing  stresses 
in  trusses  are  the  "method  of  sections''  and  the  "method  of  joints,"  as  explained  in  the  pre- 
ceding chapter. 

88.  Algebraic  Method  of  Sections. — To  determine  the  direct  stress  in  the  member  of  a 
truss,  the  following  procedure  should  be  used: 

1.  Pass  a  section  through  the  unknown  member  and  remove  part  of  the  truss  to  one  side  of 
the  section. 

2.  Replace  cut  members  by  forces,  assuming  the  directions  of  the  forces. 

3.  Take  moments  about  a  point  which  is  common  to  the  lines  of  action  of  all  unknowns 
but  the  one  desired. 

4.  Determine  the  magnitude  and  direction  of  the  unknown  force  by  equating  the  algebraic 
sum  oi  the  moments  to  zero. 
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K  the  force  which  is  to  be  determined  acts  toward  the  section,  the  member  will  be  in  com- 
pression; if  it  acts  away  from  the  section,  the  member  will  be  in  tension. 

Illu8tratiT«  Problem. — The  Btresaes  in  the  Pratt  truae  shown  in  Fig.  08  will  be  determined  by  the  al«ebraie 
method,  for  the  loads  shown.  Bisfore'  beginning  the  determination  of  moments  acting  on  sections  of  the  truss,  it 
will  be  convenient  to  determine  the  right-angle  distances  of  upper  chord  members  from  lower  panel  points  and  the 
right-angle  distances  of  web  members  from  the  heel  joint,  L9. 

The  first  section  is  taken  through  LtUi  and  Ldti  and  the  part  of  the  truss  to  the  right  of  the  section  is  re- 
moved, as  shown  in  Fig.  08(6).  The  members  are  replaced  by  forces,  as  indicated  by  the  arrows.  In  order  to  dc^ 
termine  the  stress  in  LtC/i,  the  moments  are  taken  about  Li,  so  as  to  eliminate  the  stress  in  L9L1,  from  the  com- 
putations. In  order  to  determine  the  stress  in  LoLi,  the  moments  are  taken  about  Ui  for  a  MmilAr  reaaon.  Thi 
solutions  of  the  equationa  give 

Lol/i  -  (3000)  (^^)  -  67101b. 
LoLi  -  (3000)  (y)  -  60001b 

Because  the  sum  of  the  mo- 
ments about  Li  must  equad  aero, 
the  force  L9U1  must  be  directed 
toward  the  section;  therefore  the 
member  LoUi  will  be  in  com- 
pression. Because  the  siun  of  the 
momenta  about  Ui  muat  equal 
aero,  the  force  LtLi  moat  be  di- 
rected away  from  the  section; 
therefore,  the  member  L9L1  will  be 
in  tension. 

The  aecond  section  is  taken 
aa  ahown  in  Fig.  08  (c),  the  nit 
members  being  replaced  by  forces. 
In  order  to  determine  the  atrcea 
in  UiLi  the  momenta  are  taken 
about  Lo;  and  in  order  to  deter- 
mine the  atreas  in  U1U9  the 
momenta  are  taken  about  In. 
The  directions  of  the  forcea  are 
determined  aa  before. 

The  third  aection  ia  taken  as 

ahown  in  Fig.  08(d)  and  the  cut 

membera  are  again  replaced  by 

forcea.     The    stresses    and    their 

directions   are   determined    as   in 

Fig.  08.  the  previous  caaea. 

It  ahould  be  observed  that,  if  a  section  is  passed  through  three  unknowns,  any  one  of  them  can  be  determined 

by  taking  momenta  of  all  the  forcea  acting  about  the  interaection  of  the  other  two  unknowna. 

The  atreases  in  a  aymmetrical  truas  loaded  symmetrically  need  be  determined  only  for  one-half  the  truss. 

88.  Methods  of  Equations  and  Coefficients. — The  method  of  determining  the  stresses  in 
symmetrical  trusses,  symmetrically  loaded,  by  means  of  equations  or  coefficients  involves  the 
least  amount  of  labor. 

Equations  for  stresses  in  members  can  be  determined  in  terms  of  the  panel  load  and  the 
ratio  of  span  to  height  of  truss,  by  the  algebraic  method  of  sections,  the  loads  being  expressed 
in  panel  loads  and  the  moment  arms  in  terms  of  span  divided  by  height.  These  equations  give 
constant  values,  or  coefficients,  for  each  member  of  a  truss  for  each  particular  ratio  of  span  di- 
vided by  height.  The  value  for  any  member,  when  multiplied  by  the  panel  load  will  give  a 
product,  which  will  be  the  stress  in  the  member. 

The  equations  for  stresses  and  the  coefficients  of  stresses  for  the  standard  simple  types  of 
symmetrical  trusses  are  given  in  the  Chapter  on  *'Roof  Trusses — Stress  Data"  in  Sect.  3. 

84.  Gf aj>hical  Method  of  Joints. — In  the  graphical  method  of  computing  stresses,  joints 
are  considered  to  be  cut  from  the  truss  in  consecutive  order  and  a  force  polygon  is  drawn  for 
the  forces  at  each  joint.     The  stresses  should  be  determined  by  use  of  the  following  procedure: 

(1)  Draw  a  scaled  diagram  of  the  truss  showing  all  the  external  forces,  and  letter  each  space 
between  forces  or  members  with  a  capital  letter. 
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(2)  Cansider  each  joint  septtretely  as  n  "free  body"  aeted  upon  by  concurrent  forces  in 
equilibrium. 

(3)  Draw  &  force  polygon  for  each  joint  showing  the  external  and  internal  forces  and  letter 
each  intersection  of  foroea  with  a  small  letter  corresponding  to  the  space  between  the  forces  in 
the  apaoe  diagram. 

DtaatcatiT*     ProUaoL—  ^ 

in   the  tnw  of  '^ 

n«-  «9  will  b«  det«nin*d  by  ^  _  - 

Lpbitu]  method  for  ths  ^         n    .fi         <.    S  A  A 

z,    ° ,     ,  /^  r,        i^ 

The  hHl  JMnt.  Joint  '    '-       «  »-    -^ -^        ^^«-  ^ 

thr  fim  to  b«  wivrd. 
ODV-hnlf  pmnfll  loul  at 
Joint     and    the    motion 

The  toroe  poly(ot 

oa  joint  ii  dnwn  with  thi 
■  fiwnllel  to  the  lines  o 


It  3  u  the  aeit  joint  to  be  ntved.     The  prooediue  used  in 
ue  marked  with  ■  line  ueiam  the  arcow  in  the  ipaoe  and  fo 
n>  uoknowns  can  be  determined  in  the  aolution  of  may  one  Joint, 
le  eolutioUB  of  JoiAta  3  and  4  follow  in  order  and  eomptete  the  lolutioiie  for  the  tnm. 
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It  is  not  neoeasary  to  draw  separate  space  and  force  diagrams  for  each  joint,  as  the  trtua  diaoram  gives  the  spac* 
diagrams  for  all  joints  and  the  force  diagrams  may  be  combined  into  one  «tre««  diagram  as  shown  in  the  figure. 

niuttratiTe  Problem. — ^The  stresses  in  the  King-rod  truss  of  Fig.  100(a)  for  the  roof  and  suspended-ceiling  lottdi 
shown  will  be  determined  by  the  graphical  method. 

The  truss  diagram  is  first  drawn  to  scale  and  all  the  eztemsl  forces  (loads  rnd  reactions)  are  indicated  on  the 
diagram.  To  construct  the  strera  diagram,  first  plot  to  scale  all  the  loads  on  the  truss  rafters,  ».«.,  a6,  he,  cd,  de,  and 
«/.  Ri  is  then  laid  off  from  a  and  in  opposite  direction  to  a6,  be,  etc.,  and  Rt  ib  Ipia  off  from  /.  The  two  reaetioos 
are  found  to  overlap  because  the  suspenoed  loads  on  the  lower  chord  nave  the  same  line  of  action  as  the  loads  on  tte 

rafters  at  the  panel  points  above.  The  left* 
hand  heel  joint  is  first  considered  by  plotting 
the  stresses  in  a  dock-wise  direction  sroand 
the  joint.  The  stress  polygon  is  obtained  by 
drawing  hm  and  ml,  from  h  and  I,  parallel  to 
BM  and  ML  respectively.  Tracing  this  ioant 
through  by  »  continuous  clockwise  reading  of 
the  forces,  bm  is  found  to  act  toward  the 
joint  and  ml  to  act  away  from  the  joint, 
wbich  means  that  these  streesea  are  ccHn- 
pression  and  tension  respectively. 

The  first  lower-chord  joint  from  the  left 
reaction  is  next  determined.  The  forces  are 
again  traced  in  a  dock-wise  direction  begin- 
ning with  the  known  force  H.  In  this  force 
diagram  it  is  found  that  mn  and  nk  both  act 
away  from  the  joint  and  membera  MN  and 
NK  are,  therefore,  in  tension. 

Joints  3  and  4  are  solved  in  the  aamc 
manner,  which  completes  tne  determinatioo 
of  stresses,  as  the  stresses  on  the  right-hand 
side  of  the  truss  are  equal  to  those  on  the  left. 
The  stress  diagram  may  be  completed  as  a 
check  on  the  work. 

Illustrative  Problem. — The  dead-load 
stresses  in  the  Fink  truss  shown  in  Fig.  100(b) 
will  be  determined  by  the  graphical  method. 
A  special  feature  of  this  solution  is  the  con- 
dition encountered  at  joint  4  which  may  at 
first  appear  to  be  an  indeterminate  condition. 
The  truss  diagram  is  drawn  to  scale  and 
the  loads  and  effective  reactions  are  plotted. 
The  joints  are  solved  in  the  usual  manner 
in  the  order  indicated  on  the  truss  diagram. 
Bringing  the  solution  from  left  to  right,  a  con- 
dition which  cannot  at  once  be  solved  is  met 
at  joint  4.  There  are  three  unknowns  cp,  pOt 
end  on.  It  is  seen  on  inspection  that  tfie 
stress  in  the  members  DQ,  QR,  and  RK  will 
remain  the  same  regardless  of  the  web  menk- 
bers  toward  the  left.  OP  and  PQ  are,  there- 
fore, out  out  and  replaced  by  the  dotted 
member  P'Q.     Joints  4,   6,   and   6  are  d^- 


i^^ 
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termined  with  this  assumed  member  in  place,  and  joint  6  is  then  corrected  by  throwing  out  the  dotted  member 
and  replacing  the  members  OP  and  PQ.  The  stresses  in  the  members  OP  and  PQ  are  then  determined  by  the 
solution  of  joint  at  their  intersection. 

The  solution  may  be  obtained  in  another  manner,  by  solving  alget  raically  for  the  stress  in  RK  and  laying  it 
off  to  scale  on  the  stress  diagram,  so  that  joint  6  can  be  determined  before  joint  4. 

ninstrative  Problem. — The  stresses  are  required  in  the  three-hinged  arch  truss  of  Fig.  101. 

The  reactions  may  be  found  graphically  but  the  algebraic  solution  is  more  simple  (see  Illustitttive  Problem,  p. 
21).  After  the  components  of  the  reactions  are  determined  the  stresses  may  be  found  by  the  usual  stress  diagram 
beginning  at  either  reaction  and  determining  stresses  at  consecutive  joints,  as  shown  in  Fig.  101.  The  aolution 
could,  of  course,  be  accomplished  by  beginning  at  the  crown  hinge. 

niuttratiTe  Problem. — The  stresses  are  required  in  a  cantilever  truss  loaded  as  shown  in  Fig.  102(a). 

The  reactions  of  the  truss  are  determined  graphically  in  Fig.  102(a),  as  explained  in  the  chapter  on  "  Reactions.'* 
The  method  of  determining  the  stresses  is  the  same  as  in  the  preceding  illustrative  problems. 

86.  Wind  Load  Stresses  by  the  Graphical  Method. — In  the  illustrative  problems  which 
follow,  stresses  will  be  found  in  trusses  due  to  wind  load  under  the  following  conditions:  (1) 
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ToUers  on  the  leeward  side  of  truss,  (2)  both  ends  fixed,  and  (3)  rollers  on  the  windward  side 
of  truss.  The  wind  load  is  considered  as  that  component  of  a  horizontal  wind  force,  normal  to 
to  the  plane  of  the  roof. 

XnostnitiTa  Problem. — In  Fig.  102(6).  the  external  force  polygon  is  first  drawn  with  the  loads  parallel  to  the 
wind  loads  on  the  truss.  The  reaction,  Rtt  can  be  drawn  vertically  because  it  u  transmitted  through  rollen,  but 
tbm  direoticA  of  Ri  u  not  known  so  the  polygon  cannot  be  completed.     The  reactions  will,  therefore,  be  determined 


(cj 
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by  means  of  the  force  and  equilibrium  polygons.  Ri  will  be  assumed  as  parallel  to  the  wind  load  and  the  closing 
string  will  give  the  direction  of  the  ray  Oef.  Now  because  Ri  must  take  the  entire  horisontal  component  of  the  wind 
lottd  and  fcecause  Ri  acts  vertically,  a  horisontal  line  drawn  from  e'  to  e  will  give  the  point  of  intersection  of  the  two 
reacUona.  These  reactions  may  be  checked  by  considering  the  total  wind  load  and  the  two  reactions  as  three  forces 
acting  on  the  truss.  Since  the  directions  and  points  of  application  of  the  resultant  of  the  wind  load  and  the  reac- 
tion Rt  are  known,  the  two  forces  may  be  extended  to  their  point  of  intersection,  d;  and,  since  the  point  of  applica- 
tion of  Ri  is  known,  the  direction  of  the  force  will  be  from  d  to  tbe  point  of  left  reaction.  Tne  deteimination  of 
this  direction  makes  it  poasible  to  complete  the  external  force  polygon  and  obtain  a  check  on  the  first  solution  for 
reactions. 
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The  ■trewea  are  now  determined  by  drawing  a  force  polygon  for  each  joint.  It  should  be  noted  that  tht 
web  members  in  the  leeward  side  received  no  stress. 

niostratiTe  Problem. — The  wind  stresses  in  the  Scissors  truss  of  Fig.  102(c)  will  be  determined  by  the  graphical 
method  under  the  assumption  that  the  reactions  aie  parallel  when  both  ends  of  the  truss  are  fixed  by  an  anchotace 
to  solid  masonry  walls. 

The  space  diagram  is  drawn  with  the  lines  of  action  of  the  loads  extended  so  that  the  equilibrium  polygon  ess 
be  drawn.  The  reactions  are  determined  by  the  ray,  Oe,  which  is  parallel  to  the  dosing  string  of  the  equilibriaB 
polygon. 

The  stresses  are  determined  by  beginning  at  the  left-hand  heel  joint  and  following  through  in  the  order  laS- 
eated.  As  in  the  previous  problem  no  stress  is  found  in  the  web  members  on  the  leeward  side  of  the  truas.  Some 
stresses  are  produced  in  this  trusv  due  to  wind  load  which  are  opposite  in  direction  to  those  producad  by  dead  loads 
Stresses  should  be  carefully  determined  in  roofs  of  such  extreme  pitch. 

lUostratiTe  Problem. — The  wind  load  stresses  are  required  in  the  Fink  truss  of  Fig.  102  (d). 

The  wind-load  reactions  upon  the  Fink  truss  of  Fig.  102(d)  will  be  determined  in  a  different  mannar  than  tbst 
used  for  the  determination  of  the  reactions  in  Fig.  102(b).  The  load  line  is  plotted  as  usual  and  a  pole  from  wfaiek 
the  rays  are  drawn  is  selected.  The  line  of  action  at  the  left  support  is  known,  but  the  point  of  application  is  thi 
only  element  of  the  right  reaction  which  is  known.  The  equilibrium  polygon,  is,  therefore,  begun  at  the  li^t- 
hand  heel  Joint  so  that  the  intersection  of  the  strings  ean  be  made  on  the  line  of  action  of  the  foroa.  The  striag 
prallel  to  the  ray  Oe  is  first  drawn.  The  others  are  drawn  in  consecutive  order  from  that.one  parallel  to  Od  to  the  out 
parallel  to  Og.  Knee  the  line  of  action  at  the  left  support  is  vertical,  the  point  of  intersection  with  the  atring  cas 
be  obtained.  The  dosing  stiing  between  the  forces  which  form  the  two  reactions  is  then  drawn  and  the  ray.  Of, 
is  drawn  parallel  to  it.  The  intersection  at  /  with  the  vertical  line  through  g  gives  the  left  reaction,  fg.  The  f ore* 
ff,  which  is  the  right  reaction,  is  drawn  to  the  point  of  intersection  of  the  vertical  force  through  g  and  the  ray  Of- 

These  reactions  may  be  checked  by  extending  the  line  of  the  left  reaction  and  the  line  of  the  resultant  of  tht 
wind  loads  to  a  p<Hnt  of  intersection  shown  at  z,  and  drawing  the  right  reaction  through  the  right-hand  heel  joist 
and  point,  r.  Sincr  the  russ  is  in  equilibrium  the  two  reactions  and  the  resultant  of  the  wind  loads  muat  form  s 
system  of  three  concurrent  forces.  The  extended  forces  drswn  to  point  x  give  a  space  diagram  from  which  the  fores 
Jiagram,  9^,  may  be  drawn. 

The  stress  diagram  is  begun  at  the  left-hand  hed  joint  and  the  joints  are  taken  in  consecutive  order  until  ^ 
Wnt  St  the  middle  point  of  the  rafter  is  reached,  at  which  the  condition  encountered  in  the  >  ink  truss  in  Pig.  99{h) 
is  again  met.  The  difficulty  is  removed  by  replacing  the  members  NO  and  MN  by  the  dotted  member  ahown  and 
carrying  the  solution  through  until  fp  is  determined,  after  which  the  corrections  are  made  as  before.  It  should  be 
again  noted  that  the  web  members  on  the  leeward  side  of  the  truss  take  no  stress. 

COLUMNS 
Bt  H.  S.  Rogers 

86.  Column  Loads. — The  loads  to  be  calculated  in  the  design  of  columns  may  be  divided 
into  six  classes:  (1)  dead  load,  including  snow  load,  (2)  live  load,  (3)  true  live  load,  (4)  impact 
load,  (5)  wind  load,  and  (6)  earthquake  load. 

The  dead  load  is  produced  by  the  weight  of  that  portion  of  the  completed  structure  which  a 
column  supports,  and  includes  floors,  curtain  walls,  roof,  superimposed  columns,  and  permanent 
fixtures.  It  can  be  accurately  determined  and  should  be  computed  with  a  good  degree  of  pre- 
cision. The  snow  load  in  effect  is  a  dead  load  and  may  be  considered  as  such.  It  may,  how- 
ever, be  unsymmetrical  and  may  be  combined  under  certain  conditions  with  wind  load. 

The  live  load  on  columns  depends  upon  the  use  to  which  the  building  is  put  and  includes 
such  loads  as  the  weight  of  people,  furniture,  goods,  and  equipment.  Quite  accurate  data  for 
determining  the  weights  of  furniture  and  mechanical  equipment  can  be  obtained,  but  in  deter- 
mining the  loads  due  to  occupancy  of  stores  and  office  buildings,  considerable  judgment  must 
be  exercised.  Since  it  is  very  improbable  *that  the  full  live  load  on  all  floors  will  be  imposed 
simultaneously,  the  uniform  or  concentrated  loads  used  in  calculating  the  strength  of  floor  beams 
and  girders  may  be  reduced  for  the  calculation  of  column  stresses.  The  extent  of  the  reduction 
of  live  loads  in  office  buildings  is  usually  specified  in  building  codes,  most  of  which  permit  a 
gradual  reduction  to  some  minimum  for  the  assumed  live  load  acting  upon  columns  in  con- 
secutive lower  stories. 

Schneider's  "Reduction  of  live  Load  on  Columns''  is  as  follows: 

For  columns  carrying  more  than  five  floors,  these  (Schneider's)  live  loads  may  be  reduced  as  follows: 
For  columns  supporting  the  roof  and  top  floors,  no  reduction. 

For  columns  supporting  each  succeeding  floor,  a  reduction  of  5%  of  the  total  live  load  may  be  made  untD 
60  %  is  reached,  which  shall  be  used  for  the  columns  supporting  all  remaining  floors. 
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Thia  redttotion  is  not  to  apply  to  live  load  on  the  eolamna  of  warehouMi,  and  limilar  buildinga  whioh  are 
fikaly  to  be  fully  loiMied  on  all  floors  at  the  same  time. 

The  reduction  of  live  load  specified  in  the  Seattle  Building  Code  is  as  follows: 

Radttotion  of  live  loiMi  shall  not  be  permitted  in  determining  the  strength  of  any  part  of  a  building  except  in 
■oeordanoe  with  the  following  provikions: 

Walls,  piers,  and  columns,  in  buildings  more  than  three  stories  high,  used  for  stores,  olBoes,  places  of  habita> 
Uon.  refuge  and  detention  shall  be  designed  to  carry  besides  the  dead  load  not  less  than  the  following  percentage 
of  the  required  live  load:  Roof  and  top  floor  100%,  next  lower  floor  95%,  and  for  each  succeeding  lower  floor  5% 
lass,  until  a  »»itiimiii«  of  50%  is  reached  and  maintained  for  the  remaining  floors,  if  any.  In  all  other  buildings 
the  f  uU  Ure  lotA  shall  be  taken. 

The  true  live  load  is  the  dynamic  load  produced  by  machinery,  cranes,  elevators,  telpherage 
■ystems,  industrial  railways  or  similar  mechanical  equipment.  Detailed  information  concerning 
such  loads  should  be  obtained  and  provision  should  be  made  for  the  stresses  which  they  produce 
in  columns. 

Impact  load  is  produced  by  the  shocks  and  vibrations  caused  by  true  live  load.  It  should 
be  thoroughly  studied  and  should  be  provided  for  with  judgment. 

Wind  load  is  produced  by  the  horisontal  pressure  of  the  wind  on  exposed  surfaces.  The 
unit  i^essure  is  specified  for  various  conditions  in  all  building  codes  and  is  usually  given  as  30 
lb.  per  sq.  ft.  The  wind  load  {voducee  an  overturning  moment  which  increases  the  compression 
in  the  columns  on  the  leeward  side  of  a  building,  decreases  the  compression  in  those  on  the  wind- 
ward Bide,  and  produces  a  moment  in  the  columns  by  means  of  the  truss  and  girder  connections 
and  wind  bracing.  Its  efiFect  is  of  great  importance  in  high  buildings  and  thorough  study  of  the 
Btreeses  produced  by  it  should  be  made. 

Earthquake  load  will  produce  stresses  in  columns  which  should  be  investigated  in  those 
localities  where  earthquakes  are  liable  to  occur. 

87.  Cdlumnt  and  Struts. — A  structural  member  which  is  acted  upon  by  forces  causing 
direct  compression  is  called  a  column,  a  pillar^  a  po9lf  or  a  strtU.  Short  columns  are  those  in 
which  the  ratio  of  length  to  least  width  is  small.  They  fail  by  direct  crushing  of  the  material 
without  appreciable  bending  or  buckling. 

An  ideal  column  is  one  in  which  the  axis  is  perfectly  straight  and  the  material  absolutely 
uniform  and  in  the  same  condition  throughout,  and  to  which  the  load  is  applied  exactly  on  the 
axis.     Such  columns  are  not  found  in  practice. 

Practical  columns  fail  by  a  combination  of  direct  compression  and  bending.  The  bending  in 
centrally  loaded  columns  is  caused  by  accidental  eccentricities  of  the  application  of  the  load,  by 
unavoidable  imperfections  in  manufacture  and  nonuniformity  of  material, 
and  by  initial  bends  and  stresses  in  the  column  shaft.  Due  to  these  im- 
perfections, any  column  will  immediately  begin  to  deflect  under  load.  This 
deflection  increases  the  lever  arm  of  the  forces  causing  the  bending,  and 
the  bending  will  continue  to  increase  until  a  state  of  equilibrium  is  reached 
or  until  the  column  fails. 

88.  Bnd  Conditiotts. — One  of  the  important  factors  governing  the 
strength  of  columns  is  the  degree  of  fixity  of  the  ends.  When  the  end  of 
a  column  is  perfectly  free  to  turn,  its  end  condition  has  no  influence  on 
its  bending  and  it  is  said  to  be  pivoted.  A  fixed  end  is  one  at  which  the  axis 
of  the  column  is  held  rigidly  so  that  its  direction  cannot  change. 

Fig.  103  shows  the  flexure  lines  of  three  columns  with  different  sets  of 
end  conditions  and  lengths  such  that  their  theoretical  strengths  are  equal  if 
their  cross  sections  are  the  same.  Fig.  103(c),  with  both  ends  fixed,  has 
points  of  contraflexure  (or  zero  moment)  at  the  quarter  points,  so  that 
the  column  between  these  points  is  essentially  the  same  as  the  pivoted-end  column  in  Fig. 
103(a). 

Ck>nditions  in  practice  are  seldom  such  that  a  column  may  be  considered  as  having  fixed 
ends.^    The  usual  end  conditions  are  pin  ends,  flat  ends,  and  riveted  ends.*     A  riveted  end  fre« 

>  See  article  "Fixed  End  Columns  in  Praotioe,"  Eno.  Newt,  Nov.  2,  1911.  vol.  66.  p.  530. 
/in  and  riTeted  ends  do  not  ooour  in  concrete  columns,  see  chapter  on  "Conorete  Columns"  in  Seet.  2. 
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quently  approaches  the  pivoted-end  condition  due  to  the  influence  of  the  flexure  of  other  members 
connected  to  it,  causing  the  point  of  contraflexure  in  the  column  to  lie  at  or  near  the  end. 

The  formulas  in  general  use  are  applied  to  columns  with  any  of  the  end  conditiomi  above 
mentioned. 

89.  Application  of  Column  Loads. — The  loads  upon  floors  and  roof  are  transmitted  to  oolumos 
by  the  girder  and  truss  connections.  They  may  be  either  concentric  or  eccentric  according  to  the 
details  of  the  connection.  A  concentric  load  is  one  which  is  applied  axially  along  the  column. 
The  loads  transmitted  to  columns  by  the  usual  girder  connections  should  be  considered  as  con- 
centric. If,  however,  a  girder  is  supported  by  a  bracket  on  a  column,  the  eccentricity  of  the 
load  applied  should  be  investigated  and  the  column  should  be  designed  to  withstand  the  bend- 
ing stresses  in  addition  to  the  direct  stresses  (see  chapters  on  ''Bending  and  Direct  Stress")- 
In  addition  to  concentric  and  eccentric  loads,  direct  transverse  loads  may  be  applied  to  columns 
by  cantilevers  supporting  platforms,  roofs,  and  cranes,  or  by  wind  bracing.  When  such  loads 
occur,  the  stresses  produced  by  them  should  be  considered  in  the  design  of  the  column. 

90.  Stresses  Due  to  Concentric  Loading. — There  is  no  direct  method  which  can  be  used  to 
obtain  the  dimensions  of  a  long-column  section,  but  very  short  columns  should  be  computed 
by  using  the  safe  compressive  strength  per  square  inch  of  the  metal  in  short  blocks.  In  the 
design  of  an  ordinary  column,  which  has  no  eccentric  loading,  the  procedure  which  should  be 
followed  is :  ( 1 )  select  a  column  which  will  give  the  desired  features  in  the  detailing  of  connections, 
(2)  determine  the  stresses  which  are  produced  by  concentric  loads  acting  upon  the  column, 
and  then  (3)  correct  the  design  of  the  section  to  bring  the  stresses  within  the  allowed  working 
intensities.  There  are  two  kinds  of  stresses  produced  by  concentric  loads  to  which  a  column 
may  be  subjected:  (1)  direct  compressive  stress  distributed  uniformly  over  the  section;  (2) 
transverse  stress  produced  by  the  flexural  action  of  the  column  and  distributed  with  varying 
intensity  from  the  neutral  axis  to  extreme  fibers  so  as  to  form  a  stress  couple. 

91.  Column  Formulas.' — There  is  no  simple  rigorous  analytical  method  for  determining 
the  resultant  stresses  in  a  column.  There  are,  however,  two  more  or  less  rational  and  two  em- 
pirical types  of  formulas  for  determining  such  stresses.  These  types  are  the  Euler,  the  Gk>rdon 
or  Rankine,  the  Straight  Line,  and  the  Parabolic. 

92.  Euler's  Formula. — Euler's  formula  is  derived  upon  the  assumptions,  that  the  column 
is  concentrically  loaded,  that  it  is  subjected  to  direct  compression,  that  it  has  fixed  or  square 
ends,  and  that  it  is  free  to  bend  laterally.  It  assumes  that  the  material  of  the  column  is  per- 
fectly elastic  and  that  the  ultimate  strength  of  the  column  is  developed  at  a  stress  equal  to  the 
elastic  limit  of  the  material.  The  expression  for  the  ultimate  strength  of  columns  with  fixed 
ends  is 

r^ 
in  which 

p  »  intensity  of  stress  within  the  limits  of  perfect  elasticity. 
E  =:  modulus  of  elasticity. 
L  —  length, 
r  »  least  radius  of  gyration. 

-  is  called  the  slendemeas  ratio. 

r 

Through  the  center  of  gravity  of  a  croes-section  there  is  alwasrs  a  pair  of  axes  about  one  of  which  the  moment 
of  inertia  ia  a  maximum  and  about  the  other  a  minimum.  These  moments  of  inertia  are  called  principal  moments  of 
inertia  and  the  axes  about  which  they  are  taken  are  called  principal  axes.     An  axis  of  symmetry  which  divides  a 

cross-section  symmetrically  is  always  a  principal  axis.     The  least  radius  of  gyration  (r  ■-  \/-r-^and,  oonaequently, 

the  minimum  moment  of  inertia  is  used  in  designing  columns.  A  column  bends  in  a  direction  at  right  angles  to 
the  axis  about  which  the  radius  of  gyration  is  a  minimum,  provided  the  column  is  not  laterally  supported  in  that 
direction. 

Long  columns  with  pivoted  ends  will  act  essentially  as  that  part  of  the  fixed  column  between 

^  For  "Concrete  Columns"  see  chapter  in  Sect.  2. 
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the  two  points  of  contraflexure,  which  is  equal  to  one-half  the  length  of  the  column.     The  ex- 
pression for  the  ultimate  strength  of  columns  with  pivoted  ends  is  therefore 

ir*E 

Euler's  formula  is  not  used  in  specifications,  as  are  formulas  of  the  other  types,  because  the 
ideal  conditions  upon  which  it  is  based  are  not  met  in  practice.  It  is  applicable  to  long  columns 
with  fixed  ends  which  have  a  very  large  ratio  of  L/r  and  to  columns  with  hinged  ends  which  have 
an  average  ratio  of  L/r,  but  gives  values  up  to  infinity  for  short  lengths,  which  is  incompatible 
with  actual  conditions. 

dS.  Gordon's  Formula. — The  Gordon  formula  is  based  upon  the  assumptions  that  the 
column  is  concentrically  loaded,  that  it  is  subject  to  direct  compression  and  flexural  stresses, 
and  that  it  is  free  to  bend  laterally.  It  assumes  further  that  the  column  deflects  laterally  and 
that  the  bending  stress  is  produced  by  the  moment  of  the  axial  load  about  the  point  of  tnAyimnm 
deflection. 

Let  p  a  allowable  intensity  of  stress  over  the  column  section. 

fi  «s  the  uniformly  distributed  stress  due  to  the  total  load. 

ft  B  the  flexural  stress  due  to  the  bending  of  column  under  the  load. 

/  B  the  maximum  allowable  intensity  of  stress  in  short  blocks. 

P  s  the  total  load. 

A  a  area  of  column  section. 

A  »  maximum  deflection  of  column. 

c  »  distance  from  neutral  axis  to  the  extreme  fiber. 

/  a  moment  of  inertia. 

&  B  a  constant  depending  upon  the  condition  of  column  ends. 

P  6PAc 

The  direct  stress  /i  =■  ji  and  the  bending  stress  /»  =  —^  from    the  common  flexure 

formula  (see  Fig.  104). 
Since/  =»/i  -f /i 

Now  it  can  be  shown  by  the  theory  of  flexure  that 

A  = 

c 

in  which  L  ■■  length  of  the  column  and  ai  »  a  constant  depending  upon/s  and  E. 

Substituting  in  (1), 

-     P    .  haxPL* 

^-A^~T^ 

But  /  «  Ar'  (r  =  least  radius  of  gsrration).  F,a  104 

in  which  a  is  a  constant  contingent  upon  the  factors  which  influence  b  and  ai. 
The  allowable  intensity  of  stress,  p,  over  the  column  section  will  be 

"  =  5  =  77^-.  (3) 

Formulas  of  the  Gordon  type  are  used  quite  extensively  in  building  specifications  and  codes. 
Tliooe  in  use,  however,  do  not  all  have  the  same  values  for  /  and  a.  A  change  of*  condition  of  the 
column  ends  produces  a  change  in  the  constant,  ''a,"  ab  is  evident  from  the  derivation  of  the 
formula.  Care  should  be  exercised  in  selecting  a  formula  which  shall  be  applicable  to 
the  column  vmder  investigation. 
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94.  Straight-line  Formula. — The  straight-line  formula  has  been  used  because  of  the  sim- 
plicity of  its  application  and  because  it  can  be  made  to  coincide  very  closely  with  the  results  of 
tests  of  columns  having  usual  values  of  L/r.  The  equation  is  empirical  and  has  the  general 
form 

P  -/-  m- 

in  which  /  «  maximum  allowable  compressive  strength  of  the  material,  and  m  «  a  constant 

If  the  equation  is  made  to  coincide  very  closely  with  the  values  of  safe  stresses  found  bj 
experiment  in  columns  within  the  usual  range  of  L/r^  it  will  give  large  stresses  for  low  values  of 
L/r  unless  some  limitation  be  placed  upon  L/r^  and  consequently  upon  the  allowable  unit 
stresses.  A  number  of  the  column  formulas  in  general  use  fix  this  maximum  allowable  stren 
for  low  ratios  of  L/r  and  also  fix  a  maximum  ratio  of  L/r. 

96.  Parabolic  Formula. — The  parabolic  type  of  formula  has  been  introduced  to  correct 
the  large  values  of  unit  stresses  allowed  by  the  straight^line  formula  for  very  low  or  high  ratios 
of  L/r^  and  at  the  same  time  give  a  continuous  equation.  The  equation  is  also  empirical  and 
has  the  general  form 

in  which  n  is  an  empirical  constant.  The  curve  given  by  the  formula  is  a  parabola  with  the 
origin  on  the  stress  axis  at  /.  Some  of  the  recently  adopted  specifications,  notably  that  of  the 
Engineering  Institute  of  Canada,  have  embodied  this  type  of  column  formula. 

96*  Formulas  in  General  Use. — Formulas  of  either  the  straight-line  or  Gordon  type  are 
usually  embodied  in  specifications  and  building  codes.  Both  are  found  in  specifications  for 
stresses  in  structural  steel  and  cast  iron  but  the  straight-line  formula  alone  seems  to  be  univer- 
sally used  in  specifications  for  stresses  in  timber  columns. 

97.  Steel  Column  Formulas. — A  diagram  of  the  allowed  unit  stresses  for  structural-steel 
columns  as  given  by  the  principal  column  formulas  which  have  received  general  sanction  among 
engineers  is  shown  in  Fig.  105,  given  by  C.  E.  Fowler,  Eng.  Newa-Rec.,  Feb.  13,  1910.  The 
formulas  graphically  represented  are  as  follows: 

Am.  B.  Am.  Bridge  Co.  19.000  -  lOQL/r 

i.  R.  E.  A.  Am.  Ry.  Eng.  Aasn.  16,000  —  70L/r 

\.  R.  E.  A.  1919  Am.  Ry.  Eng.  Aasn.  proposed  13,000  -  0.26(L/r)* 

E.  I.  C.  Eng.  Inst.  Canada  12.000  -  0.3(L/r)t 

F.,  1893  Fowler's  Spec.  1893  12,600  -  ^iHL/r 

F.,  1919  (CI.  A.)  Fowler's  Spec.  1919  16,000  -  6QL/r 

F..  1919  (a.  B.)  Fowler's  Spec.  1919  20,000  -  8QI/r 

McK-F.  Fowler,  mod.  by  McKibbon  12,600  -  60L/r 

N.  Y.  (Old)  New  York  Bldg.  Code  (Old)  15,200  -  58L/r 

B.  Boston  Bldg.  Code  16,000/1  +  LV20,000r> 

Q.  Gordon  Formula  12.600/1  +  L>/36.000rS 

P.  Philadelphia  16,260/1  +  LVH.OOOr* 

The  limitations  of  the  formulas  as  to  maximum  unit  stresses  and  maximum  values  of  L/r 
are  shown  by  the  diagram.  All  of  the  formulas  lie  in  a  diagonal  zone,  the  upper  limit  of  which 
is  18,000  —  eOL/r  and  the  lower  limit  of  which  is  12,000  —  6QL/r  with  the  exception  of  Fowler's 
1919  (CI.B.).  The  average  of  the  zone  would  be  15,000  —  60L/r,  which  is  the  formula  that  has 
been  adopted  in  a  1919  edition  of  ''General  Specifications  for  Steel  Roofs  and  Buildings"  by 
C.  E.  Fowler.  The  A.  R  .E.  A.  formula,  16,000  -  70L/r,  with  a  maximum  stress  of  14,000  lb. 
per  sq.  in.  and  maximum  limit  of  L/r  at  120  has  received  very  wide  sanction  in  building  codes, 
being  found  in  the  codes  of  New  York,  Detroit,  Chicago,  St.  Louis,  and  Seattle. 

nittttratiTe  Pr(ft>lem. — Design  a  26-ft.  channel  column  for  a  total  load  of  300,000  lb.    Lattice  bars  will  connect 
the  ohanneb  and  prevent  them  from  bending  separately.     Use  the  straight  line  formula 

p  -  16,000  -  70  ^ 
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300  OOO 
A  trial  section  should  first  be  determined  by  assuming  p  ■-  12,000  lb.     This  gives  a  trial  area  of     lo'oQO  ~ 

25  sq.  in.,  which  may  be  furnished  by  the  use  of  two  15-in.  channels  at  46  lb.  having  a  total  area  of  26.48  sq.  in. 
The  radius  of  gyration  for  one  channel  about  an  axis  perpendicular  to  the  web  is  6.32  in.,  hence  the  aUowaUe 
value  of 

p  -  16.000  -  70  ^?— H^  -  12.060  lb. 

300  000 
The  actual  unit  stress  for  this  sixe  of  channel  equals    q^'    ^    >-  11,330  lb.     Thus  the  column  would  be  well  on  tlie 

safe  side  and  may  possibly  be  decreased  in  sise.     Try  a  15-in.  channel  at  40  lb.     The  allowable  value  of 

p  -  16.000  -  70  ~^^  -  12,150  lb. 

5.44 

300  000 
The  actual  unit  stress  would  be    23*50    "*  12.800;  hence,  these  channels  are  a  little  too  small  and  the  15-iB. 

45-lb.  channels  should  be  chosen.  These  should  be  placed  to  give  the  column  equal  strength  in  the  two 
directions— <hat  is,  by  making  the  radius  of  gyration  about  one  axis  equal  to  tnat  about  the  other  axis. 

98.  Cast-iron  Column  Formulas. — The  most  commonly  used  fonnulas  for  allowable 
stresses  in  cast-iron  columns  are  of  the  straight-line  type.  The  Chicago  and  Seattle  building 
codes  specify  an  allowable  unit  stress  of  10,000  —  60L/r  lb.  per  sq.  in.  with  a  maximum  value 
of  L/r  at  70.  The  New  York  and  Boston  building  codes  specify  an  allowable  unit  stress  of 
11,300  —  30£//r,  with  a  maximum  value  of  L/r  at  70.  The  Philadelphia  code  specifies  an 
allowable  unit  stress  of  11,670/(1  +  L*/400<fi)  lb.  per  sq.  in. — in  which  d  is  the  least  dimension 
in  inches,  and  also  specifies  a  maximum  length  of  20d, 

99.  Timber  Column  Formulas. — The  formulas  of  building  codes  of  the  principal  cities  for 
timber  columns  vary  for  the  same  and  for  different  kinds  of  timber.  Some  of  the  cities,  notably 
Philadephia,  St.  Paul,  and  Seattle,  however,  use  the  same  formula  for  long  leaf  yellow  pine, 
white  pine,  Norway  pine,  spruce,  oak,  chestnut,  hemlock,  and  locust.  A  comprehensive  re- 
view of  these  building  code  stresses  revised  to  1913  will  be  found  in  the  ''Cambria  Steel"  hand- 
book. A  safe  formula  for  timber  columns  is  1000  —  \2L/d  which  will  give  a  safety  factor  of 
about  6  for  most  kinds  of  timber.  The  formula  specified  in  the  Seattle  Building  code  is 
C  (1  —  L/70d)j  in  which  C  =  the  allowable  compressive  stress  in  pounds  per  square  inch,  with 
the  grain,  for  the  wood  used,  and  d  »  least  cross-sectional  dimension  of  column  in  inches. 

BENDING  AND  DIRECT  STRESS-<WOOD  AND  STEEL 

By  Cltdb  T.  Morris 

100.  General. — Tension  and  compression  members  are  frequently  submitted  to  bending 
stresses  in  addition  to  the  axial  stress.  This  bending  may  be  due  to  transverse  loads  on  the 
member  or  to  the  eccentricity  of  the  longitudinal  load,  or  to  both. 

The  resulting  maximum  unit  stress  in  the  member  may  be  said  to  be  composed  of  three 
parts,  that  due  to  the  direct  axial  load,  that  due  to  the  transverse  bending  moment,  and  that 
due  to  the  eccentricity  of  the  axial  load  caused  by  the  deflection  of  the  member. 

The  deflection  of  the  member  in  turn  is  caused  both  by  the 
transverse  load  and  by  the  eccentricity  of  the  axial  load  due  to 
this  deflection.     This  is  illustrated  in  Fig.  106. 
Fio.  106.  101.  Bending  Due  to  Transverse  Loads  Only. — An  approxi- 

mate value  for  the  maximum  unit  stress  may  be  obtained  by 
neglecting  that  part  of  the  bending  moment  caused  by  the  eccentricity  of  the  axial  load  due 
to  the  deflection.     In  this  case 

in  which  M  is  the  moment  due  to  the  transverse  loads  only.     This  gives  sufficiently  accurate 
results  where  the  ratio  of  length  to  depth  is  small. 

When  a  member  is  comparatively  slender,  a  more  accurate  determination  is  desirable. 
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This  may  be  obtained  by  adding  to  the  bending  moment,  the  e£fect  of  the  deflection  due  to 
transyerse  load.    The  deflection  due  to  transverse  load  is 

WL*       -       Mc       ,  ,.       WL 

in  which  /i  is  the  fiber  stress  due  to  flexure  only,  and  K  and  q  are  constants  depending  upon  the 
fixity  of  the  ends  of  the  member  and  the  character  of  the  loading.     From  these  we  get 

qfiL^ 


A  = 


KEc 


The  total  bending  moment  ==  M  ±  PA  and  /i  = 
for  A  and  solving  for  /i  we  get 


(Af  ±  PA)c 


Substituting  in  this  the  value 


Mc 


'^i-'-f 


Calling  ^  ^  ^  ftud  adding  the  effect  of  the  direct  axial  load,  we  get 

Mc 


'-^ 


I± 


E 


(2) 


In  the  denominator  of  the  second  term  of  eq.  (2),  the  minus  sign  should  be  used  for 
compression  members  and  the  plus  sign  for  tension  members.  The  moment  of  inertia  used, 
should  be  calculated  for  an  axis  perpendicular  to  the  plane  of  the  bending.  Values  for  the  con- 
stant C  are  given  below. 


For  pin  endi,  concentrated  load C  — 


For  pin  ends,  uniform  load C  » 

For  one  pin  and  one  fixed  end,  concentrated  load C  -■ 


48  ' 
40 


""*r2 


384 "^YO 

33^»**'«°**' "»«^ 

^-^**''°^ "»«^ 

128  1 

For  one  pin  and  one  fixed  end,  uniform  load C  "  ■-■--,  at  center use  r„- 

iDOO  13 

^"ils ***"'* "■•^ 

8  1 

For  both  ends  fixed,  concentrated  load C  -■  -tzt^  use  ;n 

lv«  J4 


For  both  ends  fixed,  uniform  load C 

C 


24      .         ^  1 

384**^^°^' ^*16 

384***°** "***32 


The  fixed  end  condition  is  seldom  realized  in  practice  and  this  assumption  should  bo  made 
only  after  careful  investigation  of  the  actual  end  conditions.  For  this  reason  many  engineers 
use  C  B=  ^Q  for  all  cases  of  combined  transverse  bending  and 
direct  stress. 

DluatratiTe  Problem. — Fig.  107  shows  a  part  of  the  top  chord  or  rafter  of 
a  roof  truss  which  carries  purlin  loads  between  the  panel  points  in  addition  to 
its  direct  stress  as  a  member  of  the  truss. 

The  rafter  is  composed  of  2  angles  6  X  3H  X  H*  with  the  long  legs  verti- 
cal. Since  the  rafter  is  continuous  over  the  panel  points,  there  will  be  a  nega- 
tive moment  at  the  panel  points  and  a  positive  moment  midway  between  under 
the  puriin  load.  Kach  of  these  may  be  taken  as  equal  to  Ko  of  the  moment 
in  a  simple  beam  similarly  loaded. 

The  direct  compression  as  a  member  of  the  truss,  P  —  47,000  lb. 

The  weight  of  the  member  per  horisontal  foot,       w  »  34.3  lb. 

The  moments,  considering  the  member  as  a  simple  beam,  are: 

(34.3)(10)« 


Fig.  107. 


Moment  due  to  weight 
Moment  due  to  purlin  load 


8 
(3000)  (10) 


-  430  ft.-lb. 


-  7500  ft.-lb. 


Total  simple  beam  moment  =  7930  ft.-lb. 
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ContiououB  beam  moment  -  (H«)(7030)  -  6344  ft.-lb.  »  76,130  in.-lb. 
Fh>m  equation  (1) 

At  the  panel  point,  / 


47.000       (76.1S0)(3  92) 


9.00     '  33.18 

-  5220  +  8990  -  14,210  lb.  per  aq.  in. 


At  the  mid  apan,  /  — 


From  equation  (2) 


47,000       (76,130X2.08) 

9.00    "*"  33.18 

6220  +  4770  -  9990  lb.  per  aq.  in. 


At  the  panel  point,  /  ■- 


47,000 
9.00 


(76,130)(3.92) 


33.18  - 


(47.000)(11.2)«(12)« 


-  6220  + 


(20)(30,000,000) 
(76,130)(3.92) 


28.42 
-  6220  +  10,600  -  16,720  lb.  per  aq.  in. 


At  the  mid  span,  /  — 


47.000 
9.00 


C76.130)(2.08) 


(47.000)(11.2)»(12) 


-  6220  + 


^•^*  (17X30,000,000) 

(76.130)(2.08) 


27  69 
-  6220  +  6740  -  10,960  lb.  per  aq.  in. 

Note  that  thoee  yaluea  of  C  in  equation  (2)  have  been  used  for  a  member  with  one  pin  end  and  one  fixed  end. 
Thia  is  probably  on  the  safe  side,  but  the  connection  at  "a"  is  not  sufficient  to  fix  that  end  of  the  member.  Due 
to  the  continuity  of  the  member  at  "B"  and  the  purlin  load  in  the  panel  beyond,  it  is  probably  safe  to  oonaider 

the  member  as  fixed  there.  Note  that  "c"  in  each  case  is  the  diatanee 
from  the  center  of  gravity  of  the  section  to  the  compression  side  off  the 
member. 

The  maximum  fiber  stress  "/"  should  not  exceed  that  given  by  the 
column  formula  of  the  specifications  being  used. 

nioatrative  Problem. — Fig.  108  shows  a  tension  member  of  a  roof 
truss  which  is  subject  to  bending  due  to  its  own  weight.     It  ia  com- 
posed of  2  angles  3H  X  3H  X  He- 
P  -  36,000  lb. 
14.4  lb. 


Fzo.  108. 


The  direct  tension  in  the  member. 
The  weight  of  the  member  per  foot,  w 


The  bending  moment,  ^  ""  75 


8      (14.4)(12.6)> 


8 


226  ft.-lb.  -  2700  in.-lb. 


The  net  area  of  *he  member,  A  -  4.18  -  2(H) (Ms)  •*  3.63  aq.  in. 
From  equation  (1) 


At  the  panel  point,  / 


At  the  mid  span,  /  — 


From  equation  (2) 


36,000       (2700)  (2.61) 

3.63    "*"  4.9 

9920  +  1380  -  11,300  lb.  per  aq.  in. 
36.000    ■    (2700)(0.99) 

3.63    "*"  4.9 

9920  +  640  -  10,460  lb.  per  sq.  in. 


At  the  panel  point,  / 


36.000       

3.63    "^  ^  ^   , 
4.9  + 

-  9920  +  1180  - 


(2700)(2.61) 


At  the  mid  span,  /  * 


36.000 
3.63 


(36.000)(12.6)«(12)« 

(32)  (30.000,000) 
11,100  lb.  per  sq.  in. 

(2700)(0.99) 


4.9  + 


(36,000)(12.6)«(12)« 


(16)(30.000,000) 
-  9920  +  410  -  10,330  lb.  per  sq.  in. 

In  ease  any  load  is  suspended  from  the  member  between  panel  points,  its  moment 
should  be  added  to  that  due  to  the  weight  of  the  member. 

Illustrative  Problem. — ^Fig.  109  shows  a  building  column  which  is  subject  to  bending 
■tress  under  wind  loads,  due  to  the  thrust  of  the  knee  brace. 

The  total  direct  load  on  the  column,  P  -       62.000  lb. 

The  bending  moment,  M  »  1,2(X).000  in.-lb. 

A  -  26.00  sq.  in.  7-864 

From  equation  (1) 


I 


;■» 


.       62.000    ,    (1.200.000)  (7. 12) 

/   "      no   f\^      "1 


Fio..  100 


From  equation  (2) 


26.00  '      854 

2390  +  10,000  -  12,390  lb.  per  aq.  in. 


/- 


62.000 
26.00 


(1,200.000)(7.12) 


854  - 


(62,000)  (20)«(12)« 


-  2390  + 


(12)(30,000.000) 
(1.200,000)(7.12) 

844 


»  2390  +  10,120  m  12.610  lb.  per  sq.  in. 
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lOL  Bcc«iitriMllr  Loxded  Colunmi. — When  the  beading  moment  on  s  oolumn  ia  oaused 
hj  the  eahinia  load,  or  a  part  of  it,  being  applied  away  from  the  axis  of  the  column,  the  column 
ii  mid  to  be  eocentricslly  loaded.  This  bending  moment  may  be  treated  aimilar  to  that  caused 
by  ttmoBverae  loads,  and  approximate  reaolte  obtained  by  the  use  of  eqs.  (t)  and  (2). 

If  the  entire  bending  moment  is  due  to  eccentric  loading,  theoretically  exact  reaulte  may 
be  obtained  bj  the  use  of  the  equation 

b  which  £  —  cos  (2&dS  ~'\~r^)-  Values  of  JC  for  pin  ends  are  given  by  the  curved  in  the 
diagram,  F^.  110.  If  conditions  are  such  as  to  warrant  the  assumption  of  fixed  ends,  }iL 
may  b«  used  in  detenninir^  the  value  of  -  to  use  in  Fig.  110. 

10 

s 

.7 


s 


z 
.\ 
o 

0        CO      40       ««}       100     JZO      140      160      160    200 

Vialues  <^T 

tim.  IVt. — Uk  for  saMnttleaUy  kwdtd  columnt  with  pin  enda.     For  MiliimDi  with  Bnd  eodi  uae  Hi-  >»  dster- 

llie  radius  of  gyration  ehould  be  taken  about  an  aids  normal  to  tlie  plane  of  bending.  This 
m^  not  give  the  greatest  value  of  -  wtuch  should beusedinthecolumnformulafor  determining 
the  allowed  unit  stress. 

IPuitoaUf  Prsblnu — F1(,  111  •bowi  ■  builflini  eulumn  to  which  Hoor  beimi  >ns  connected  unaymmetric&ltjn 
■Mini  an  •OHDtiie  load  on  tha  ooIuidd.  II  the  beama  are  rivaUd  to  the  column  in  addition  to  reatini  on  ahelt 
M^aa,  it  ia  aala  to  aaaunie  that  the  load  la  applied  at  tiie  lace  of  the  eolumo.  Tb*  dafleetion  of  the  ahelf  Bocla 
Tiilil  pnAaUr  be  auffleiaDt  to  brins  the  oantar  o(  preeeure  very  near  to  tha  laaa  of  the  oolnma  in  any  c*M. 


68 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  1-103 


From  equation  (1) 

9 


,       194,000    ,    (235.000) (5.876) 


19.00 


From  equation  (2) 


499.0 
-  10,210  +  2760  -  12,970  lb.  per  sq.  in. 


194.000 
19.00 


(235,000)  (6.876) 


499.0  - 


(194  000)(16)»(12)i 


(10)  (30,000.000) 
-  10,210  +  2900  -  13,110  lb.  per  sq.  in. 


From  equation  (3) 


L 

r 


192 


38 


5.13 
K  -  0.935  (from  Fig.  110) 
f  «  l?4^000        (235.000) (5.875) 
"     19.00     "*"     (0.936)  (499.0) 
«  10.210  +  2960  -  13.170  lb.  per  sq.  in. 
AnMQiu  lllttstratiTe  Problem. — A  wooden  column  12  in.  square  supports  a  concentrio  load  of 

^^^  'mJZZI^     70.000  lb.  and  an  eccentric  load  of  16.000  lb.  acting  at  4  in.  from  tbe  face  of  the  oolomn. 
Compute  the  maximum  stress  on  the  column. 

The  total  load,  P  -  70,000  +  15,000  -  85,000  lb. 
The  bending  moment,  M  >-  (15,000)  (10)  -  150,000  in.-lb. 
From  equation  (1) 


Fia.  111. 


/  «  85'000    .    (150.000)(6) 
'  "     144     ■•"  1728 


L  . 


-  590  +  520  »  1110  lb.  per  sq.  in. 
Since  the  value  of  ^  is  usually  small  for  wooden  columns,  the  value  of  /,  if  computed  by  eqs.  (2)  and  (3). 
will  be  practically  the  same  as  obtained  above.     This  indicates  that  the  deflection  is  small. 


BENDING  AND  DIRECT  STRES&~<:ONCRET£  AND  REINFORCED.  CONCRETE 

By  Georgb  a.  Hool 

103.  Theory  in  General. — If  a  beam  is  acted  upon  by  forces  which  are  all  normal  to  its 
lengthy  then  the  stresses  resulting  are  due  to  simple  bending.  If,  however,  any  of  the  forces 
acting  throughout  the  length  of  a  beam  be  inclined,  or  if  additional  forces  be  applied  at  the  ends, 
then  our  beam  formulas  for  simple  bending  will  not  apply.  Likewise,  in  columns,  if  the  load 
be  eccentrically  applied  or  if  lateral  pressure  be  exerted,  both  bending  and  direct  stresses  will 
result  and  the  ordinary  column  formulas  cannot  be  used  except  to  give  approximate  results  when 
the  amount  of  bending  is  small. 

The  same  combination  of  stresses  occurs  also  in  arch  rings  and  may  occur  in  special  cases. 
The  formulas  to  be  derived  can  be  employed  in  any  type  of  reinforced-concrete  structure 
provided  the  normal  component  of  the  resultant  thrust  on  the  given  section  acts  with  a  lever 
arm  about  the  center  of  gravity  of  the  section.  In  long  beams  and  columns,  the  deflection 
resulting  from  flexure  should  be  given  consideration  when  determining  the  eccentricity  of  the 
axial  and  inclined  forces. 

Let  us  first  consider  structures  of  plain  concrete.  The  dis- 
tribution of  pressure  on  any  section  due  to  a  resultant  pressure 
acting  at  different  points  will  be  explained.  Consider  a  section 
represented  in  projection  by  EF,  Fig.  112.  When  the  resultant 
R  acts  at  the  center  of  gravity  0,  the  intensity  of  stress  is  uniform 
over  the  section  and  is  equal  to  the  vertical  component  of  /2  divided 

N 
by  the  area  of  section,  or  -j-     li  R  acts  at  any  other  point,  as  Q, 

and  if  the  projection  of  the  section  is  taken  such  that  the  distance 
Xs  represents  the  true  lever  arm  of  N  about  the  center  of  gravity, 
then  the  force  N  is  equivalent  to  an  equal  N  vXO  and  a  couple 
whose  moment  is  Nxf^     The  intensity  of  the  uniformly  varying  stress  due  to  this  bending  moment 

at  a  distance  x  from  0  is  (by  the  common  flexure  formula  for  homogeneous  beams)  —j — •  in 


Fia.  112. 


Sec.  1-103] 
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which  /  is  the  moment  of  inertia  of  the  section  about  an  axis  through  0  at  right  angles  to  the 
plane  of  the  paper.  At  the  edges  E  and  F  this  intensity  »  — * —  •  Regarding  compressive 
and  tensile  stresses  as  positive  and  negative  respectively,  the  intensity  of  stress  at  edge  E  is 


At  edge  F  it  is 


^'  "  A  I 


If  the  stress  /«'  comes  out  minus,  the  value  obtained  is  the  maximum  tension  as  shown  in  Fig- 
lis.  In  plain  concrete  construction  a  greater  tension  than  about  50  lb.  per  sq.  in.  should  not 
be  allowed. 

When  we  come  to  reinforced  concrete,  which  is  composed  of  two  materials  (concrete  and 
steel)  with  different  values  of  E,  then  the  steel  area  at  any  given  cross  section  may  be  replaced 
by  an  area  of  concrete  equal  to  n  times  the  area  of  the  steel,  placed  in  the  plane  of  the  steel 
reinforcement.  This  section  may  be  called  the  transformed  section,  or  section  of  concrete 
theoretically  equivalent  in  resistance  to  the  actual 
section.  Under  this  heading  rectangular  sections  only 
will  be  considered  and  Fig.  114  represents  a  transformed 
section  as  referred  to  above. 

Thus,  if  Ae  is  the  area  of  the  concrete,  and  Ao  is  the 
area  of  the  steel  =  A.  +  A';  then  the  equivalent  area 
A  =  Ae  +  nAo  =  6<  +  n{A.  +  A') 


,*''CBntcr  oF 


^      gravity. 


'— •••—»>  ■—         f\ 


T 

n 

i 


Fio.   113. 


Fig.  114. 


If  /« is  the  moment  of  inertia  of  the  concrete  about  the  gravity  axis,  and  I,  is  the  moment  of 
inertia  of  the  steel  about  the  same  axis,  then 

/  -  /,  +  nL 
and 

(Jc )  ^         N        (  +  )    Nx^^ 
(//)      A,  +  nAo  (  -  )  /c  +  n/. 

A  A' 

If  we  denote  p  and  p'  by  -rr'  and  -jj  respectively,  then  the  distance  from  the  face  most 

highly  stressed  to  the  center  of  gravity  of  the  transformed  section  is  (by  moments) 


u  = 


bt^  +  nA^  +  nA'd' 


bl*  • 

-^+nA^  +  nA'd'  ./g  +  nyd  +  n^d' 


A  bt-\-  n{A.  +  A')  1  .-h  np  +  nj/ 

ic  =  H^*  +  HHt  - 1*)»  =!-[««  +  «-  w)»] 

/.  -  A.(d  -  t*)«  +  A'(u  -  d')» 
/  =  /e  +  ni;  =  l-L'  +  («  -  uy^  +  nA.(d  -  ii)«  +  nA'(ti  -  d')* 

If  the  reinforcement  is  symmetrical,  then  u  ^  -^  and 

/  =  K2W  +  2nA.(M^  -  d'y  =  H2W'  +  2np6<  {}^t  -  d')* 
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Since,  A  ^U+  n(A.  +  A')  -  6«  +  2nbHp  +  p') 

(/c)  iNT  (+) 

(/cO   = 


ATxog- 


W  +  nfc;(p  +  j/)  (-)  H2&«*  +2npW (H«  -  ^)^ 

104.  Compression  Over  the  Whole  Section  (Case  I). — ^The  formulas  developed  in  per- 
ceding  article  apply  when  the  stress  is  either  compression  over  the  entire  section,  or  when 

there  is  compression  over  a  portion  of  the  section  with  a  tension 
over  the  remainder  not  exceeding  the  allowable  tensile  stress  in 
the  concrete.  The  formulas  we  shall  use  will  apply  to  reo- 
V*  tangular  sections  with  symmetrical  reinforcement  and  are  given 
in  the  following  form  for  convenience,  letting  po  denote  the 
quantity  p  +p': 


i-' 


(/")     K  f— J—  (+)      Q^o<      1 

CfcO  "  W  Ll  +  npo  (-) ««  +  12npt^«J 


(1) 
(2) 


FxQ.  115. 


By  referring  to  Fig.  115  it  will  be  clear  that  the  stress  in  the 
steel  is  always  less  than  n  Xfel  thus,  if  /« is  kept  within  its 
allowable  value,  the  steel  is  sure  to  be  safely  stressed. 

Eq.  2  gives  a  means  of  determining  the  eccentricity  of  the 
resultant  force,  or  xo,  for  which  there  can  be  neither  tension  nor 
compression  at  the  surface  opposite  to  that  near  which  the 
thrust  acts.  To  obtain  the  value  of  x«  which  gives  a  sero  value 
to  f/t  equate  the  two  tenns  within  the  brackets,  and  solve. 

1  6xo< 


or 


Xo  = 


1  +  n(p  +  p')      .*  -h  12»por« 
<*  +  24npr* 


1  +  n(p  +  p') 


1^ 


(3) 


If  n  is  assumed  to  be  15,  and,  if  the  steel  is  embedded  in  the  concrete  one-tenth  of  the 
total  depth  from  each  surface  so  that  2r  =  ^it,  eq.  (3)  becomes 

Xo  ^  1  +  28.8po 
t         6  +  90po 

If  the  values  n  »  15  and  2r  »  ^t  are  substituted  in  eq.  (1),  this  equation  becomes 

6 


(4) 


htll 


1  ,Xo 

-h  15po  "^  t 

or  if  the  expression  in  the  brackets  is  denoted  by  K, 

NK 


1  +  28.8po 


(5) 


/.  = 


bt 


(«) 


Diagrams  1  to  3  inclusive  give  values  of  K  for  various  values  of  po,  -r*  and  y  and  for 
n  —  15.     The  termination  of  the  curves  are  determined  in  Diagram  2  by  eq.  (4)  and  in  the  other 

Xa 

diagrams  by  similar  equations.    For  greater  values  of  -t'  Case  I  does  not  apply;  that  is,  there 

is  tension  in  the  concrete  and  Case  II  must  be  employed. 

106.  Tension  Over  Part  of  Section  (Case  II). — It  will  be  on  the  safe  side  and  convenient 
as  regards  the  construction  of  working  diagrams  to  consider  that,  when  any  tension  exists  in 
the  concrete,  the  steel  carries  all  tensile  stresses.  In  this  case  there  are  three  unit  stresses 
to  be  determined:  namely,  maximum  unit  compression  in  concrete /«,  maximum  unit  compres- 
sion in  steel  //,  and  maximum  unit  tension  in  steel  /,.  The  general  formulas  developed  in  Art. 
103  are  not  applicable  to  this  case  and  the  following  method  may  be  used: 
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Referring  to  Fig.  116,  it  follows  that 


and 


/.-nf.(|-i) 

Since  the  resultant  fiber  stress  equals  AT 

^  _  f/pM  .  fMl      f,pJU 
2      "•"    2  2 


(7) 


(8) 


^^.^  0 i : — >] 


Eliminating  /«'  and  /•  by  means  of  eq.  (7)  and  (8) 

fM     A**  +  2npofe  —  np^ 
2  '  A- 


N 


(9) 


Fio.  116. 


febt  ,  k*  +  2nkpo  —  np^ 
"2  '      k 

The  moment  of  the  stresses  about  the  gravity  axis,  eliminating  /«' 
and  /•  as  before,  is 


M=/4^+l(3-2*)] 


or,  if  the  quantity  within  the  brackets  is  designated  by  L,  then 

M 


M  =  /cbi'L,  or  /e  = 


Lhi^ 


(10) 


(11) 


The  position  of  the  neutral  axis  must  be  determined  before  eq.  (11)  can  be  used.  Since 
Nz^  »  Af ,  we  may  multiply  eq.  (9)  by  x^  and  equate  it  to  eq.  (10).  Proceeding  in  this  manner 
the  following  equation  results 


fc'  -  3(h  -  7)  *•  +  6«P.*  7    -  3bp,(j«  +  2j|) 


(12) 


Diagrams  4,  5  and  6,  based  on  eq.  (12),  give  values  of  k  for  various  values  of  po«  -7  ■  and  -7 

and  for  n  »  15.     Diagram  7  gives  values  of  L. 

The  method  of  procedure  in  solving  problems  under  Case  II  is  as  follows:  (1)  Determine  k 
from  the  proper  diagram;  (2)  find  L  from  Diagram  7;  (3)  solve  eq.  (11)  for/«;  (4)  find  unit, 
stresses  in  the  steel  from  eqs.  (7)  and  (8). 


DlustrstiYe  Problem. — A  beam  is  9  in.  wide  and  20  in.  deep.  The  reinforcement  both  above  and  below 
conaista  of  one  steel  rod  1  in.  in  diameter  embedded  at  a  depth  of  2  in.  At  a  certain  section,  the  normal  eomponent 
of  the  resultant  force  is  60,000  lb.,  acting  at  a  distance  of  3.4  in.  from  the  gravity  axis.  Assume  n  *  15.  Compute 
the  maximum  unit  compressive  stress  in  the  concrete. 


PS- 


A,  -f  A'  ^  (2) (0.7854) 
bt        "      (9)  (20) 
xo      3.4 


-  0.0087 


I 


20 


-  0.17 
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For  these  values  of  pt  and  -r.  Diagram  2  gives  K  —  1.70  and  shows  that  the  problem  faUs  ttnd«r  Case  I. 


Then  by  eq.  (6) 


/-  - 


NK       (00,000)  (1.70) 


567  lb.  per  sq.  in. 


bt  (9)  (20) 

Olustrative  Problem. — Change  the  eccentricity  of  the  preceding  problem  to  6  in.  and  solve. 

For  p%  »  0.0087  and-r  «-  0.30,  Diagram  2  shows  that  —  is  too  great  for  the  problem  to  come  under  Case 

L  ' 

I.     The  method  of  procedure  for  Case  II  must  then  be  followed. 

To 

Diagram  5  gives  k  —  0.73  for  the  values  of  po  and  -j  given  above.     With  k  »  0.73  and  ps  *  0.0087,  Diagram 

7  shows  L  to  be  0.123.     Solving  equation  (11) 

M  (00,000)  (6) 


/.  - 


LU*       (0.123K9)(20) 


-  >  815  lb.  per  sq.  in. 
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18 


Uainc  eq.  (8) 

The  fttreM  /«'  may  bo  found  by  eq.  (7)  but  i&  always  leas  than  n  X  /•. 


ftincipa/,i 


Fia.  117. 


UNSYMMETRICAL  BENDING 

By  W.  S.  Kini«b 

In  certain  types  of  construction  it  is  found  necessary  to  place  beam  sections  with  their  axes 
of  symmetry  at  an  angle  to  the  plane  of  loading,  as  shown  in  Fig.  117.     For  the  conditions  shown. 
the  principal  axes  of 
the    section   and  the  Phneoffoacfingf.,  .  Pbneofhodfng 

I^ne  of  loading  do  not 
coincide,  as  assumed 
in  the  cases  considered 
in  the  preceding  chap- 
ters. Bending  of  the 
nature  shown  in  Fig. 
117  is  known  as 
untymmieiricai  bend- 
ing. The  brief  treat- 
ment of  the  subject  given  in  this  chapter  is  confined  to  cases  of  pure  bending  only. 

106.  General  Formulas  for  Fiber  Stress  and  Position  of  Neutral  Axis  for  Unsymmetrical 
Bending. — The  full  line  rectangle  of  Fig.  118  shows  a  right  section  of  a  straight  beam  of  uniform 
crofls  section  subjected  to  a  bending  moment  M  acting  in  a  plane  which  passes  through  the 
longitudinal  axis  of  the  beam,  making  an  angle  0  with  OX,  one  of  the  principal  axes  of  the 
section.  In  the  work  to  follow,  point  0  will  be  taken  as  the  origin  of  codrdinates,  and 
the  principal  axes  of  the  section,  OX  and  OK  of  Fig.  118,  will  be  taken  as  the  coordinate  axes. 
As  the  formulas  are  greatly  simplified  thereby,  the  properties  of  the  section  will  be  referred  to 
the  principal  axes.  These  quantities  are  given  directly  or  are  easily  calculated  from  data 
given  in  any  of  the  structural  steel  handbooks. 

Let  fir-n  of  Fig.  118  (a)  represent  the 
position  of  the  neutral  axis  of  the  assumed 
section  for  the  given  plane  of  loading,  and 
let  a  be  the  angle  which  the  neutral  axis 
makes  with  OX,  Angle  a  and  also  angle  $ 
are  to  be  considered  as  positive  when 
measured  in  a  counter  clockwise  direction. 
Fig.  118  (&)  shows  the  fiber  stress  con* 
ditions  on  a  line  at  right  angles  to  the 
neutral  axis,  assuming  linear  distribution 
of  stress. 

Let  P,  Fig.  118  (a),  be  any  fiber  of 
infinitely  small  area  a  at  a  distance  v  from 
the  neutral  axis.  Assuming  positive 
(clockwise)  moment,  the  intensity  of 
fiber  stress  at  P  is  /  =  — /ir,  where  /i  is 
the  fiber  stress  intensity  at  unit  distance  from  the  neutral  axis.  The  minus  sign  indicates 
compression,  for,  as  shown  in  Fig.  118,  the  fiber  under  consideration  is  above  the  neutral 

axis. 

The  moment  of  resistance  of  the  section,  which  is  equal  to  the  stress  on  each  fiber  multi- 
plied by  its  dbtance  from  the  neutral  axis  is  Mr  =  2/iat'*,  where  S  represents  the  summation 
for  the  entire  rectangle.     But  Sov'  b  the  moment  of  inertia  of  the  section  about  the  neutral 


Ur^ 


"yis^ 
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axis  (see  Art.  61c),  which  will  be  denoted  by  /».  With  this  notation,  Mb  =  /i/».  Substituting 
for  /i  its  value    —  -,  we  have 

Since  the  beam  is  in  equilibrium,  the  moments  of  internal  and  external  forces  at  any  sec- 
tion must  be  equal.  Taking  the  neutral  axis  as  the  axis  of  moments,  the  external  moment  in  a 
plane  perpendicular  to  the  neutral  axis  is  M  sin  {e  —  a).     The  moment  of  internal  forces  is 

the  resisting  moment  of  the  section,  which  is  given  above  as  Ma  " /»*    Equating  these 

V 

two  expressions 

.           ,,  V  sm  ($  —  a) 
f  ^  —  M J 

■in 

This  expression  can  be  placed  in  a  more  convenient  form  by  referring  both  v  and  /,  to  the 
principal  axes  of  the  section.  From  Fig.  IIS  (a)y  v  —  y  cos  a  —  x  sin  a.  Values  of  x  and 
y  are  positive  when  measured  upward  and  to  the  right.  In  treatises  on  Mechanics  it  is  shown 
that  in  terms  of  the  principal  moments  of  inertia  of  the  section,  /^  and  /y,  the  moment  of 
inertia  about  the  neutral  axis  is  /»  =  /«  cos'a  +  ly  sin*  a.  Substituting  these  values  in  the 
general  equation  given  above 

/•  —  _  If  (y  cos  g  —  a;  sin  a)  sin  (g  —  a) 

(/,  cos*  a  +  /y  sin*  a) 

To  determine  the  relation  between  the  angles  a  and  9,  a  summation  of  external  moments 
about  any  two  axes  will  yield  two  independent  equations  from  which  the  desired  relation  can 
be  obtained.     Two  convenient  axes  are  OX  and  OY,  the  principal  axes  of  the  section. 

For  axis  OX,  using  the  value  of  v  given  above, 

Af  sin  9  =  £  /i  avy  =  S  /i  (y^cos  a  ^  xy  sin  a)  a 
But  £  ay^  is  the  moment  of  inertia  of  the  section  about  the  axis  OX,  which  is  denoted  by  /., 
and  S  axy  is  the  product  of  inertia  of  the  section,  which  is  zero  for  principal  axes.     Then, 

Af  sin  0  —  fi  I»  cos  a 
In  the  same  way,  for  axis  OF, 

M  cos  e  —  —  /i  /»  sin  a 

Solving  these  equations  for  a,  we  have 

tan  a  =  —  -p  cot  B  (1) 

which  is  the  general  equation  for  direction  of  the  neutral  axis  for  bending  in  any  given  direction- 
Substituting  the  value  of  a,  as  given  by  eq.  (1),  in  the  above  expression  for  /,  we  have 


^  ix  /lyV  sin  $  4-  IxX  cos  0\ 

f'-^[ Tj; ; 


which  is  the  general  expression  for  fiber  stress  at  any  point  in  a  section  of  a  beam  due  to  a  mo- 
ment M  acting  in  a  plane  at  an  angle  0  to  the  axis  OX.  This  equation  can  be  made  to  apply 
to  any  particular  point,  as  A,  Fig.  118  (a),  an  extreme  point  of  the  section,  by  substituting  for 
X  and  y  the  codrdinates  of  the  point  in  question.  Let  these  coordinates  be  xa  and  y^,  and  let 
/a  be  the  resulting  fiber  stress.     Then 

U  =  -M  (/»y^  «n  O  +  I'^^  cos  g^        .  ^2) 

Since  in  eqs.  (1)  and  (2),  Xa,  yAt  I  mi  and  /y  are  constants  for  any  given  point  in  a  given 
section,  it  follows  that  the  direction  of  the  neutral  axis  and  the  intensity  of  the  stress  are  depend- 
ent upon  the  value  of  0.  For  0  ^  90  deg.,  eq.  (2)  becomes /x  =  —My a/ I*,  and  eq.  (1)  becomes, 
tan  a  =  0,  or,  a  =  0  deg.  Again,  for  (?  =  0  deg.,  eq.  (2)  becomes, /a  =  —MxA/Iyt  and  eq.  (1) 
becomes,  tan  a  —  infinite,  or,  a  »  00  deg. 

It  will  be  noted  that  these  special  values  of  fiber  stress  are  of  the  form  given  in  Sect.  1,  Art. 
61c,  that  is,/  »  Af  (c//),  where  I/c  is  known  as  the  section  modvlus  of  the  section.  Also,  the  neutral 
axis  in  each  case  is  perpendicular  to  the  plane  of  loading.  This  condition  holds  true  only  when 
the  plane  of  loading  coincides  with  one  of  the  principal  axes  of  the  section,  at  which  time  the 
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other  principal  axis  is  the  neutral  axis,  a  fact  which  can  be  verified  by  a  study  of  the  values  of 
a  given  above. 

ESq.  (2)  can  also  be  written  in  the  form 


/a  =  -  [(Af  sin  ^)  ^  +  (M  cos  eff^ 


(3) 


As  shown  by  the  substitutions  made  above,  this  expression  is  the  sum  of  two  quantities  ob- 
tiuned  by  resolving  the  bending  moment  into  its  components  parallel  to  the  principal  axes  of  the 
section.  Then  by  adding  the  fiber  stresses  due  to  these  component  moments,  there  is  obtained 
an  expression  identical  to  eq.  (3),  and  on  transformation,  to  eq.  (2).  This  offers  a  simple  and 
easily  remembered  method  for  the  calculation  of  fiber  stresses  due  to  unsymmetrical  bending. 

107.  Flexural  Modulus. — In  Sect.  1,  Art.  61c,  it  is  shown  that  for  bending  in  the  plane  of  a 
principal  axis,  the  fiber  stress  in  a  beam  is  given  by  an  expression  of  the  form 

where  for  any  given  section  I/e  is  a  constant  quantity  known  as  the  section  modulus. 

In  eq.  (2),  the  reciprocal  of  the  expression  in  parenthesis  is  seen  to  be  a  quantity  of  the  same 
dimensions  as  the  section  modulus,  but  more  general  in  nature,  as  it  involves  planes  of  loading 
other  than  the  principal  axes.    Let  S  denote  this  quantity.     Then 

/  =  M/S  (4) 

where 

IJy  


S 


(5) 


IwVa  sin  0  +  IxXa  cos  $ 

The  expression  of  eq.  (5)  is  known  as  ihe  flexural  modulus  of  the  section.     For  any  given  direc- 
tion of  loading  and  for  any  given  point  in  a  section,  Sisa  constant.     Having  given  the  value  of 
S  for  any  given  conditions,  the  resulting  fiber  stress  is 
obtained  by  substitution  in  eq.  (4).  / 

108.  The  S-4ine. — For  any  point  in  a  given  section, 
the  value  of  iS>  as  given  by  eq.  (5),  gives  a  measure  of  the 
strength  of  the  section  for  bending  in  any  direction. 

From  Analytical  Geometry  it  can  be  shown  that  eq. 
(5)  is  in  the  form  of  the  polar  equation  of  a  straight  line. 
A  convenient  graphical  representation  of  the  variation  in 
flexural  modulus  for  various  planes  of  bending  is  thus 
readily  obtained.  In  Hg.  119,  the  line  C-D  shows  the 
variation  in  flexural  modulus  for  point  A,  one  of  the  corners 
of  a  rectangular  section.  This  is  known  as  an  S-line  of 
the  section.  The  vector  OE  shows  the  value  of  Sa  for 
bending  moment  at  an  angle  6  to  OXy  one  of  the  principal 
axes  of  the  section. 

It  will  be  found  convenient  to  express  the  equation 
of  the  S-line  in  terms  of  rectangular  codrdinates.  li  y  =  S 
sin  $  and  x  —  S  cos  $  be  placed  in  eq.  (5),  we  have 

IxXa 


'^-hT. 


(6) 


FiQ.  119. 


which  is  the  slope  form  of  the  equation  of  the  S-Une  for 
point  A,  Fig.  119. 

109.  S^polygons. — ^Every  extreme  point  or  corner  of 
a  section  is  liable  to  become,  at  some  time,  a  point  of  max- 
imum stress.     In  order  to  determine  graphically  which  of 
several  extreme  points  is  the  one  having  maximum  stress,  it  is  necessary  to  plot  the  S-lines  for 
all  such  points.    In  this  way  the  values  of  S  for  the  several  points  can  be  compared. 

In  Fig.  119,  the  line  F-G  represents  the  S-line  for  point  B,     The  equation  for  this  line  is 
similar  to  that  for  point  A,  and  can  be  obtained  from  eq.  (6)  by  substituting  xb  and  ys,  the 
6 


(7) 
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cofirdinates  of  B,  in  place  oF  the  correapoading  values  for  A.     Tlius  the  required  equation  is 

/.  IS     ,  ;. 

Aa  before,  the  vector  OK  represents  the  value  of  Sa  for  bending  at  an  ungle  9  to  OX. 
Eq.  (4)  shows  that  the  point  of  greatest  stress  is  the  one  with  the  least  S.  Since  vector  OE  a 
smaller  than  OK,  fiber  A  has  a  greater  streaa  than  fiber  B  for  the  given  plane  of  bending. 

Equations  similar  to  eqa.  (0)  and  (7)  can  be  made  up  for  each  extreme  point  of  the  sectioa. 
If  all  these  S-linc3  are  plotted  in  Fig.  119,  they  will  enclose  a  figure  known  aa  an  S-polygoii. 
Examples  of  S-polygons  are  given  in  Art.  110. 

S-polygons  can  be  constructed  by  two  dlfTerent  methods.  One  method  of  constmetion 
is  carried  out  by  plotting  the  S-tines,  as  given  by  equations  similar  to  eqs.  (G)  and  (7). 
S-lines  for  adjacent  points  of  the  section  are  run  to  an  interaection,  and  the  resulting  enclosed 
figure  will  form  the  desired  S-polygon.  Another  and  better  method  locates  the  coSrdinatcf 
the  points  of  intersection  of  adjacent  S-tines  by  the  methods  of  Analytical  Geometry.  This  is 
done  by  solving  simultaneously  equations  such  as  eqs.  (6)  and  (7)  for  adjacent  extreme  points 
of  the  section.  This  process  is  repeated  for  each  pair  of  adjacent  points  of  the  sectioa.  The 
resulting  codrdinates  are  plotted  and  connected  up  to  form  the  complete  S-polygon.  Thi« 
latter  method,  which  is  the  one  used  in  the  work  to  follow,  will  now  be  explained  in  detail. 

To  determine  the  coordinates  of  the  intersection  of  the  S-lines  for  points  A  and  B  of  Fig. 
1 19,  the  equations  for  these  lines,  as  given  by  eqs.  (6)  and  (7),  are  to  be  solved  simultaneously. 
liet  x^  and  y^  be  the  co5rdinate3  of  the  point  of  intersection — that  is,  the  values  of  x  and  y 
common  to  the  two  equations.     Then 


xaVb  ~ 
I  Ax  A  - 


(8) 
.  xaVb  ~  xbVa 


iaVb  —  xbVa 

Similar  values  for  pairs  of  adjacent  extreme  points  will  dilTer  only  in  the  subscripts  of  x  and  y. 
The  resulting  values,  when  plotted  and  connected  up,  will  form  the  desired  S-polygon. 

Eqs.  (8)  and  (9)  give  general  values  for  the  cotii'dinates  of  points  of  intersection  of  S-lines. 
Under  certain  conditions  these  equations  take  on  a  much  simpler  form.     As  shown  in  Fig.  119, 
extreme  paints  A  and  B  form  an  edge  which  is  parallel  to  the  axis  OY,  and  Xa  =  xb  "  ^ 
these  values  be  placed  in  eqs.  (S)  and  (9),  the  resulting  ^uations  are 

I-  =  I./d  (10) 

and 

V.^  -  0  (11) 

Pot  two  adjacent  points,  as  A  and  N  of  Fig.  119,  which  form  a  side  parallel  to  the  OX  a 
Va  ™ys  =  c,  and  eqs.  (8)  and  (9)  become 

x..=  Q  (12) 

/  y.,=  l./c  (13) 

In  cases  where  S-polygons  are  to  be  determined  for  sections 
which  are  irregular  in  outline,  as  shown  in  Fig.  120,  where  some  of    | 
the  sides  of  the  section  are  not  parallel  to  the  principal  a.tes,  OX 
and  OY,  eqs,  (8)  and  (9)  must  be  used  in  the  determination  of  the 
co5rdinates  of  the  S-polygon.     It  is  possible,  however,  to  make 
use  of  cert^n  short  cuts  which  will  greatly  simplify  the  calculations. 
This  is  done  by  revolving  the  axes  of  reference  for  coordinates  of 
extreme  points  through  such  an  angle  that  the  side  in  question    , 
and  the  axes  of  reference  will  be  parallel. 
,  Suppose  that  the  coordinates  of  the  intersection  points  of  the 

Fio.  120.  S-lines  for  adjacent  points  £  and  Cof  Fig,  120  are  required.     Choose 

a  set  of  coordinate  axes  OU  and  OV,  such  that  OV  is  parallel  to  the  side  C-B.     Let  ^  be  the 
angle  which  OU  makes  with  OX,  a  principal  axis  of  the  section.     This  angle  is  to  be  con- 
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sidered  as  positive  when  measured  counter-clockwise.  If  x  and  y  be  the  coordinates  of  any 
point  P  with  respect  to  the  OX  and  OY  axes,  and  u  and  v  be  the  coordinates  of  the  same 
point  with  respect  to  the  OU  and  OV  axes,  it  can  be  shown  from  Fig.  120  that 

y  ^  V  cos  <!>-{■  u  sin  <f> 
and 

X  —  u  cos  ^  —  »  sin  ^ 

In  these  equations  u  and  v  are  considered  positive  when  measured  upward  and  to  the  right 
with  respect  to  the  axes  OU  and  OV. 

Substituting  in  eqs.  (8)  and  (9)  values  of  x  and  y  as  given  by  the  above  equations,  using 
subscripts  to  correspond  to  the  point  in  question,  we  have 

lyKuB  —  tie) sin  <t>  +  (vb  —  »c)  cos 

Xbe    — 7 — ; 

{UeVa   —  UbVc) 

and 

IxKvb  —  »e)sin  <ft  -{-  (Ue  —  ub)cos 

Vhe    —  7 C 

Since  the  angle  0  was  so  chosen  that  0  V  is  parallel  to  side  B-C,  we  have  ub  =  tie  »  bi  as  shown 
in  Fig.  120.     Substituting  these  values  in  the  above  equations,  we  have 

ly   cos  0 


Xhc    - 

yhc  - 


b 
Ix  sin  <t> 


(14) 


In  using  eq.  (14)  it  is  to  be  noted  that  the  codrdinates  x^  and  j^e  are  referred  to  the  principal 
axes  of  the  section,  for  in  deriving  the  equations  given  above,  only  the  coordinates  of  the  extreme 
points  of  the  section  were  referred  to  the  axes  OU  and  OV. 

In  a  like  manner,  the  codrdinates  of  the  intersection  point  of  the  S-iines  for  points  D  and 
C  of  the  edge  l^Cy  Fig.  120,  parallel  to  the  OU  axis,  are 

/y  sin  ^ 


Xde  *«  — 

yd*  =  + 


d 

Im  cos  <t> 


(16) 


d 
where  d  =  »i>  =  »«. 

In  this  discussion  it  has  been  assumed  that  C-B  and  C-D  are  perpendicular  sides.  If 
they  are  not  perpendicular,  it  will  be  necessary  to  determine  the  proper  value  of  <t>  for  each  side  in 
order  to  obtain  the  desired  results. 

When  a  section  has  a  re-entrant  comer,  such  as  F,  Fig.  120,  it  is  quite  evident  that  for  any 
given  plane  of  bending  the  fiber  stress  at  F  is  less  than  at  D.  This  is  due  to  the  fact  that  F  is 
nearer  the  neutral  axis  for  the  plane  of  bending  than  is  D.  Hence  the  S-Iine  for  point  D 
lies  inside  that  for  point  F,  whose  S-line  will  be  located  entirely  outside  the  S-polygon  for  the 
section.  It  is  therefore  necessary  to  draw  S-lines  only  for  the  outside  points  of  the  section, 
as  these  points  will  be  farthest  from  the  successive  positions  of  the  neutral  axis,  and  therefore 
have  the  least  values  of  flexutal  modulus. 

A  simple  and  definite  teat  for  the  determinatioii  of  the  points  foi  which  ^-linee  need  be  drawn  is  given  by 
roUinii  a  right  line  around  the  perimeter  of  the  section  for  which  the  S-polygon  is  to  be  drawn.  Since  the  successive 
pasitions  of  ibis  rolling  line  are  parallel  to  successive  positions  of  the  neutral  axis  as  the  plane  of  bending  varies 
throng  all  possible  angles,  it  is  evident  that  the  points  touched  by  this  rolling  line  are  those  farthest  removed 
from  the  neutral  axis,  and  that  they  are  points  of  possible  maximum  stress.  It  is  to  be  noted  that  in  rolling  around 
the  section,  the  right  line  will  not  out  across  the  section,  which  at  once  eliminates  re-entrant  comers. 

For  the  section  of  Fig.  120,  a  line  rolling  as  described  sbove  will  touch  points  A,  B,  C,  D,  and  E.  The  polygon 
formed  by  connecting  these  points  is  known  as  the  circufnscribiag  polygon  of  the  section. 

110.  Constmction  of  S-polygons. — The  B-polygons  for  a  few  of  the  standard  sections 
used  as  beams  will  now  be  calculated  and  constructed  in  order  to  illustrate  the  principles  set 
forth  in  the  preceding  articles. 
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110a.  B-poljcoa  lor  ■  RMtuflB.— Ttw  S-polffon  lor  ■  3  X  13-in.  neUnala  will  be  computed  ud 
ooaitruoted.  Fig.  121  shows  Ihe  seotioD  with  tha  principal  ■»■  OX  knd  OT  in  potitlon.  Tha  piincipkl  momcnti 
of  ineitia  ua  /•  -  383  la.<.  wid  I.  -  a  in.';  sad  the  caardiutat  ol  tha  aitruna  poinU  ol  tha  sbcUdd,  which  ii 
thu  caoa  uv  kUo  apioqa  at  tha  circumacribinc  poLygoa*  ara,  2a  ~  +!>  VA  ■"  +^p  'B  '  +!■  VB  ~  —  fit  'C  ~  ~1. 
Up  -  -fl;  »nd,  Ij,  -  -  1,  Wfl  -  +8. 

Sinoe  tha  lida  o[  the  rKtanilB  are  oil  Pumtlel  to  the  prineipal  «im  ol  the  BaeUon,  the  coBrdinatn  □!  the  apiiw 
of  the  S-polycon  ore  sivan  by  eqa.  (10)  to  (13).  For  aidaa  A-B  >nd  C-D,  whieh  are  panllsl  to  tha  OY  aiia,  eqi. 
(10)  and  (11)  are  to  be  lund.  With  /,  -  8  in*.,  and  a  ~  ia  -  IB  ~  +i.  vi-  (tO)  giv«.  it  -  +8/1  -  -ti 
■  n.';andeq.  (11)  givei,  vt  -  0.  Thiaapat  of  the  S-polycDaialoeKledoii  tfaeOj;  aiii,  a>  nhonn  in  Fil.  121.  For 
■ide  D-C  the  aubgtitutions  are  ■imilar  to  thoee  lor  A-B,  dJflerinc  only  in  the  liing  of  the  coordinates  of  the  eitretne 
poiDti.     It  will  be  found  from  eqg.  (10)  and  (ID  that  xw  -  -Sin.',  and  w  -  O. 

Sidaa  A-D  and  C-B,  which  t,it  parallel  to  tha  OX  alii,  require  the  uae  of  ent.  (13)  and  (13).  For  aide  A-D, 
with  /.  -  2SS  in.'  and  e  -  if^  -  Vo  -  +fl  in.,  eq.  (12)  rvea  xu  -  0,  and  aq.  (13)  pvei  v^  -  +288/8  -  + 
48  in.<  From  tha  same  equatioiu  we  find  foe  C-B.  xa  -  0.  and  iirt  -  -4Sin.i  Theae  apices  ol  tha  S-polyaon  an 
located  on  the  OY  aiia.  one  above  and  the  other  balow  tha  OX  ails,  as  shown  in  Fii.  ISl. 


I 


minimm- 
sfrvngfh, . 


Via.   121. — S-paly(On  (or  2  X  12-in.  rectauflg. 
tmplete  &polycan  ia  obtained  by  plotting  tl 


Flo.  122. — S-polygon  I 


Lie  eonneeted  by  a  line  denot«l 
Pollowinc  this  procedure  lor  (II 


t>v  a  in  Fif.  131 :  likewise,  points  at  and  he  are  connected  by  a  lim 
pointa,  the  complete  3-pcdygon  ii  obtained,  u  shown  in  Fig.  121. 

It  will  be  noted  that  the  coArdinatea  ol  the  apicea  of  the  S-polygon,  as  ir^.  x^,  etc.,  are  equal  to  the  section 
mwluli  of  the  recUnile  (ot  aiea  OX  and  OY  respectively.  This  oHers  a  convenient  method  (or  eonattuctinc  this 
polygon  without  tha  use  of  eqa.  (10)  to  (13).  The  section  moduli  can  be  calculated  or  Ulteo  from  the  itrel  haud- 
books.  plotted  on  the  principal  ana  of  the  section,  and  the  polygon  diawn  ai  described  above. 

1106.  8-potTa[oa  fw  a  10-ln.  U-lh.  I-beam. — Fi(.  122  ahows  the  S-polygon  for  a  10-in.  2Mb, 
I-beam.     As  the  circumscribini  polygon  fat  the  I-beam  is  a  rectangle,  the  methods  of  calculation  are  eoctly  the 


shown  on  Fig.  122. 

110c.  S-polygoa  toe  >  10-in.  ll-lb.  CbaiuaL— The  circumscribing  polygon 
rectangle,  but  sa  the  axis  OY  is  not  an  sris  of  symmetry,  the  reeulliog  S-polygan  will  not 
the  OK  alio,  as  in  tha  case  of  the  reotMigle  and  I-beam. 

For  a  104n.  2Mb.  ebannel.  I,  -  Sl.O  iD.<.  J,  -  3.4in.';zA  -  +2.2S,v.l  -   -l-S.O^ifi 
IC  -  -0.S2,  yc  -  -S.Oi  and.  m  -  -0.02,  irp  -  -1-6.0.     (AU  eoAidinatae  in  incbea.l 


■ym  metrical  abool 
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Subatitotiac  tluM  vtSam  in  eqa.  <I0)  to  <13),  the  «o«nliut«  of  tbe  apioea  df  th*  S-polycoo  an  tmind  t«  be 
I*  -  +8.4/2.2B  -  +l.49in.i 
M  -  0 
a,  -  -91.0/S.O  -  -18.2    in.> 

M  -  -3.4/D.82     -  -S.4Bin,> 
Ml-  +81,0/6.0    -  +I8.ain.« 
Tbos  Talma  whui  plotud  slve  ths  8-polvEoo  of  Tit-  133.  oa  which  ill  daU  an  (howii. 

IIM.  8-pot7|oa  fw  an  Asclt  Sscdon.— Ths  S-polyion  (ac  a  G  X  3H  X  K-in.  anslt  wilt  Iw  com- 
puted and  coiutructfd.  In  tba  cue  of  anilg  BecUona,  the  gtecl  haodboolu  do  Dot  live  dinctly  tfaa  principal  mo- 
ownbi  of  Inertia  o[  Ihe  Mction.  The  motnenti  □[  inartia  givsii  are  tlioea  (or  the  giavity  am  of  the  Motion  (OF/  and 
OV  at  Fie,  134),  By  the  application  d(  afcw  well-known  principle*,  the  location  at  toe  principal  aita  and  the 
TaliK*  of  the  principal  momeotb  of  iDertia  an  readily  detaimined. 


/ 

Fia.  133.— S-poly«on  (or  a  10-in.,  25-lb.  channel,  Fio.  124.— S-polygon  for  a  &  X  3>i  X  H-in.  anjlB. 

lis.  124  ahowt  tno  an^le  uction  with  the  (ravity  aiet  OV  andOCin  poution.  Th*  raonnnU  ol  inertia  loi 
IfaFW  aiea  aie  lu  ~  10.0  in,<,  and  I,  -  4.0  in.'     MomenU  of  inertia  tor  principal  aiee  are  not  kivin  directly. 

Ihe  eection.  From  Art.  Vi.  I  -  An,  where  A  ~  area  ol  aaotion.  and  r  -  radiui  of  gyration.  For  the  aectioo  in 
qutslion,  A  -  4.0  Ml.  in.,  and  r,  -  0.75  in.     Then.  I,  -  4.0  X  (0,7S)'  -  2.1G  in.' 

The  value  of  U  the  moment  of  inertia  tor  OX.  the  major  principal  axis  of  the  lectioa.  can  be  determined  from 
the  well-known  relation  oonneotiog  the  moments  of  inertia  (or  priacipal  and  othei  sua.  which  ii:  I,  +  I, - 
/.  +  /..     Ai  r.  ii  the  only  uokDown,  we  have:  I,  -  I.  +  I.  -  I,  -  10.0  +  4.0  -  2.3S  -  L1.7E  in.< 

The  value  ol  the  angle  hetween  the  principal  and  iravity  aua.  anile  ^  o(  Fig.  134,  ia  giien  by  the  etpreasion 

Thi*  eipreatioo  ii  found  in  works  on  Mechanics. 
For  the  Taloee  glTen  above 

— -GxSi^S)'-"" 

or  ^  —  35  dec.  30  miD.     The  (rarity  and  principal  aies  are  shown  in  their  relative  poutiou  in  Fig.  124. 

Aa  shown  in  Fig.  Ill,  the  sides  of  ths  sirBtiinMribin«  polygon,  ABCDB,  are  not  parallel  to  either  of  the  principal 
am  ot  the  Motion.  The  BoOrdinslea  of  the  aploes  ol  the  S-polygon  are  to  be  calcdated  by  eqs,  (S)  or  (0) ;  or,  by 
rotating  the  aiee  ol  rafereoce  as  eiplained  by  Fig,  120.  eqs.  (14)  and  (IS)  can  be  used.  As  ths  latter  method  ia  the 
simpler,  it  will  be  uMd  here. 

Aiea  OU  and  OV  are  parallel  to  lides  A-B,  C-D,  D-S.  and  B-A  of  the  dreumsoribing  polygon,  and  will  be 
isad  as  the  new  axes  of  reference.    The  angle  <t  ia  eeen  from  Fig,  134  to  be  IS  deg.  30  min.. 

For  aids  A^B,  which  ii  paralled  to  the  OV  axis.  eq.  (14)  is  to  ts  used.  Wiih  4,-39  dec.  30  mln.,  I,- 
2.2Sln.,*MUl  t>4  -  ■•«  -2.S0in.,  we  have, 

(-i-3.35)(0.903) 


^  -  +0,7SS  in 


(-HI.75K0.431) 


-  -)-2,00    In. 
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In  plottina  tb«M  point*  it  muat  be  remsmbend  (tut  Id  uid  y^  an  nfemd  to  us  OX  uid  OY,  tb«  ista- 
on  dI  ues  o(  nTerciioa  bkving.  bnen  nude  ooly  wiUi  napect  to  the  sitnms  pointa  of  tha  leetiim. 
Side  D-B  ii  iJmo  piuvlled  to  the  OV  uii,  ud  sq.  <M)  ii  to  b«  uMd.  irbieb  (Ives 
_  '-■■- 2.251(0.003)  5a,i„, 

"•  -O.Bl  i.«in, 

_  (  +  11  751(0.431) sS7in' 

Sdes  ^-E  BDd  D-C  uc  pwUel  to  ui>  OU.    SubBtitutioa  in  eq.  (15)  giva* 

(  +  11.7S)(0.903) 


1:34  ^'^  '"■ 

ptraUal  to  «  pair  of  rect&nnulbr  Aiea  ibown  by  OR  nod  O  T*ib 
'if.  124.  ThsH  km  make  no  ansle  of  33  dec.  40  mia.  with 
he  travity  am,  o[  S  dec.  10  min.  with  the  prioeipii]  a™  al 
hsBoction.  aa  ihown  in  Fig.  124.     Thiaanglaeiuibecaleulata]. 

toce  the  aiia  OR  iaia  the  fourth  quadrant  with  respect  to  the 
xmOXt^ndOY. 

*  -  (360°  -  8°  10)  -  351  dec.  50  min. 
'■!□(  en,  (14).  with  «  aa  above  and  b  -   l.Sl  in.,  aa  ahovn 
n  Fi^  124,  we  have 

(+2.251  (O 


Plotting  thsM  point*  with  reapoct  to  the  OX  and  OY  aiea.  and 
connecting  the  proper  pointo,  the  complete  S-polygon  ii  obtained 
a*  ahown  la  Fig.  124. 

lllk.  S-polnoni  (01  Z-baii  and  T-bara. — Tn 

the  Z  and  T-bara.     S-polygona  for  (heee  Hctions  are  ahown  is 
^   .^.  Fig.   IZS.     The  detail  work  of  calculating  thaw  polygon*  wiH 

1^  not  be  given,  a*  th*  methoda  are  limilar  to  thoee  UB«d  abov*. 

Fig-  12S(a),ho«the8-polygo>iforaSX3H  X  M-in.  t 
fio.   125.  j,^      The  coSrdin*t«*of  the  Bpioeaof  tha  S-pDlygon,«feiTedto 

the  principal  uea  ol  the  HoUon  are: 
Id  -  -O.eOO  in.i,  t*  -  +8.5e  In.';  n.  -  +0.S4S  in,>,  n.  -  +4.38  in.*: 

M  -  +1.89  in.'.  y      -  0:  r^  -  - 1.89  in.",  y^  -  0; 

1.I  -  -O.S4Sin.',  y,,  -  -4.3Bin.':  xt,  -  +0.eOOin.>.  V4.  -  -8.M  iD.<. 

Fig.   125(A)  (how*  the  S-polygou  tor  a  4  X  4  X  H-i°.  T-bar,  foi  whieh  the  co«rdinatee  of  the  S-polygon  art: 

irf  -  + 1.40  in.",  w  -  0;  t,, 1.40  in.',  y.,  -  Oi 

a. -+l.TOin.",  »,  -  -1.7nn.»;  i^  -  -1.89  in.',  u^--1.71in.' 

111.  Solution  of  Problems  in  UnsTmnietiical  Bending. — Problema  in  unaymmetrica] 
bending  can  be  solved  algebraically  by  theu»e  of  eqs.  (1)  and  (2),  or  by  semi-graphical  methods 
involving  the  use  of  S-pclygona.  A  few  simple  problems  will  be  worked  out  to  show  the  gen- 
eral methods  employed. 

In  problems  involving  the  determination  of  fiber  stress  in  a  given  beam  section  under 
bending  in  any  direction,  the  desired  result  is  generally  the  maximum  fiber  atreas  and  the  fiber 
OU  which  it  occura.  A  complete  solution  of  this  problem  can  be  obtained  by  two  methods.  Id 
the  first  method,  the  stresses  are  computed  for  all  extreme  fibers  of  the  section.  On  comparing 
these  values,  the  maximum  can  readily  be  determined.  By  the  second,  and  better  method,  the 
neutral  axis  of  the  Beotion  is  located  on  a  large  scale  layout  of  the  section.  From  this  sketch 
the  fiber  most  remote  from  the  neutral  axis  is  determined  by  inspection,  or  by  scaling  if  neces- 
sary, and  a  fiber  stress  calculation  made  only  for  this  fiber,  thus  giving  the  required  maximum 
stress  intensity. 

IllnitiatiTe  Problem.— A  10-ia.  25-lb.  ehaauel  se 
vertical  plane.     Pig.  126  ehoin  tha  poeitioD  of  tha  ol: 
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to  ox  >nd  O  y,  tba  prlnelpia  um  □[  tha  Hotiun.  Tha  wlutian  will  ba  wrriad  out  lor  both  □(  tha  ■eaanl  mathodi 
DutlJEkad  •bovfl. 

Alfbraie  SaluUon. — Tha  nomwita  of  ia«tu  ol  the  aMtioo,  aa  ciTea  by  tha  ataal  haadbaaki.ua;  I,  -  Sl.Oln,'. 
tad  I,-  3.4  JD.*.  Tbt  soSnliutaa  ol  tha  axtnma  punta  of  tha  ■Mtion  are:  Z4  -  +3.29.  va  -  +G-0:is-  + 
>-%  vs  ~  —  i.O;*c  -  -  0.63.  »c  ~  -B.O;uul.  10  -  -  0.62.  *d  -  +fi.O.     (All  coOnllDiitaa  In  inohaa.) 

Prom  aq.  (3).  with  0-60  das-,  M  ahowo  in  Pi|.  130,  and  with  the  ooSrdiaataa  liTeo  above,  wa  End  for  paint 


/4  -    -  «  [- 

fi-  -  0.3838if 

Tha  minui  licn  uidiut«a  that  tha  hi 

Par  fibw  B,  Bubatitution  in  «<J. 

aa  for  A,  eioapt  thjit  j/b  ia  nec&tiva 

ator  of  tha  above  axpreaoion  than  beo 


»)(3.2g)(0.5O>l  +14.73  4 


0.38TStf 


,  _   ■■r(+3.«l(-50)(0.86ai  +  (Bl. OK -0.63) (0.511 

'f^  ~  [  (»1>(3.4)  J 

'^--►'""^^.'"° -+"■"" 

On  pompArinc  the  oaJculated  vaiUH,  it  will  be  foand  that  fiber  A 
htM  the  mAumum  fiber  atrefle,  &nd  that  tlie  atriM  inteOBity  ii 
O.SSaSJf  lb  per  iq.  in..  compieMioa. 

we  And  from  aq.  (1)  that  the  angle  between  the  aiie  OX  and  tba 
neoUttl  ikzia  for  the  civen  plane  of  i»iidinc  ia 

^^      _  (-91.0Kcnt60°l  _(-fll.0)(0-57741  _  _jg^„ 

Inm  whieh.  a  -  S3  das.  38  min.  In  Pif.  126  the  neutrslmiia,  ae 
loaikted  by  tlua  an^le.  it  shown  in  poaitioB.  It  ia  evident  by  inapHV 
lion  that  flbar  A  U  most  remain  from  tha  neutral  Hi*.  A  aiafla 
aobttitution  in  eq.   (3)   for  fiber  A  livea  the  deaired  mult.     The 

BtluKm  b»  Utaru  tj  an  S-^yaon. — On  Fig.  136  there  ii  ^ven  a  iolution  of  this  problam  by  means  of  an  S- 
polycon.     Tbe  S-polyson  ia  constructed  from  the  ealculationa  made  in  Art.  110  and  shown  on  Fig.  123, 

Fromeq.  (4)  of  Art.  lOT,  the  fiber  streaa  at  any  point  is/  -  U/S,  where  5ia  the  fleiural  moduliia  of  theeeetion. 
Aa  eiplained  in  Art.  108,  tha  value  of  S  for  any  point  ii  equal  to  the  interaapt  on  the  plane  of  banding  of  the  f. 
line  produced  and  Ui*  orifin  of  FoartUnatu.    Theaa  intercepta  are  shown  on  Fig.  136,  each  with  a  aubacript  corre- 
sponding to  the  point  for  which  the  vslue  of  .S  is  given.    Then  from  eq. 
ta  V  H).  the  fiber  atrc««  are:  /.i    -    Ar/3,60    -   0.385M,  ta  -  Af/3.60  - 

O.iaaU./c  -  «/7.18  -  O.isetf.  and/D  -  Jlf/33.06  -  0.043Sli. 

The  cluuwter  of  fiber  gtreu  is  not  vven  directly  by  the  B-polygon. 
To  datarmin*  the  character  of  the  fiber  itreH.  locila  the  pontion  of  the 
neutral  aa*.  aa  shown  in  Fig.  126.  For  positive  moment,  all  points  below 
the  neutral  aus  will  be  under  tennle  itrewi.  and  poinfai  above  the  neutral 

C  and  D  are  below  tha  oeutral  aiis  and  an  under  tenuon.     These  naulle 

Dluslrallva  Problem.— A  5  X  3H  X  ^:in.  angle  with  the  longer  leg 
vertical  carries  a  moment  M  actins  in  a  vertical  plane,  ■*  ihown  in  Pig.  127. 
Required  the  Inlenaity  of  tbe  miiinum  fiber  ttreaa  and  tha  fiber  on  which  it 

This  is  the  ancle  aaction  for  which  the  B-polygon  is  ealoulated  in  Art. 
110  and  shown  on  Fig.  134.     The  principal  momsoU  of  inertia  of  the  sec- 
tion are:  I,-  11.79  in.Vandf,- 2.36  in.>.     In  Fig.  137  the  principal  aiea 
Fia.  137.  OX  and  OY  are  shown  in  poeition. 

Alfbraie  ^oliiJwi.— The  fiber  of  muimum  atreaa  inteniity  will  ba 
in  of  tha  neutral  aiia  on  tha  angle  HCtion.     From  eq.  (1).  with  t  -  IIS  dag.  36 
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The  position  of  the  neutral  axis  is  shown  on  Fig.  127.     It  will  be  found  that  fiber  C  is  most  remote  from  the  neo< 
tral  axis,  and  is  therefore  the  fiber  of  maximum  stress  intensity. 

The  ooArdinates  of  point  C  must  be  referred  to  the  principal  axes  of  the  section,  OX  and  07,  in  substitatinc  in 
eq.  (2).  Thb  information  is  not  given  in  the  steel  handbooks.  It  can  be  obtained  by  sealing  from  a  large  scale 
drawing  of  the  section,  or  it  can  be  calculated  by  means  of  the  formulas  for  rotation  of  the  axes  of  reference  giveii 
for  the  conditions  shown  in  Fig.  120  of  Art.  100.  The  values  of  u  and  o  to  be  used  in  the  formulas  of  Art.  109  can 
be  found  in  the  steel  handbooks,  for  OU  and  OV  are  the  gravity  axes  of  the  section.  Then  for  uc  ™  —  0.41,  »c  ■■ 
-3.34.  and  ^  -  25  deg.  36  min.,  we  have,  yc  "  ( -3.34)(0.902)  -  (0.4 10) (0.432)  ->  -3.10.  and,  xc  -  (—0.410) 
(0.902)  +  (3.34)(0.432)  =  +1-07.  both  values  in  inches.     Calculated  and  scaled  values  were  found  to  check. 

Substituting  in  eq.  (2)  the  values  of  xc  and  yc  given  above,  and  ^  -  115  deg.  36  min.,  the  fiber  streas  at  C  is 
found  to  be 

rv2.25)(-3.19)(sin  115°  360  +  (11.79)(1.07)(115«*  360i 
^^  "       ^l  ai.79)(2.25)  J 

fC  -  +0.449ilf 
Fiber  C  is  under  tensile  stress,  as  indicated  by  the  positive  sign  of  the  result. 

In  calculating  the  tables  of  safe  loads  on  angle  sections  given  in  the  steel  handbooks,  it  is  usually  assumed 
that  the  neutral  axis  is  horisontal  for  all  planes  of  bending.  If  the  neutral  axis  be  assumed  to  be  parallel  to  the 
shorter  leg  of  the  angle  of  Fig.  127.  the  fiber  stress  at  is  found  to  be:  fc  -  Me/T  -  3.34  Af/10  -  0.334il^.  a  re- 
sult only  about  75  %  of  the  true  stress  given  above. 

Solution  by  S-polygon. — The  S-polygon  solution  of  the  preceding  illustrative  problem  is  shown  on  Fig.  127. 
This  polygon  is  constructed  from  data  calculated  in  Art.  110  and  shown  on  Fig.  124.  From  an  inspection  of  Fig. 
127,  it  can  be  seen  that  for  the  given  plane  of  bending,  fiber  C  has  the  least  S,  and  is  therefore  the  desired  fiber  of 
maximum  stress.     By  scale  from  Fig.  127  we  find  8c  -  2.22  in.>     Therefore,  /^  -  Af /2.22  -  0.450Af ,  which  checks 

the  result  obtained  by  the  algebraic  method.     As  fiber  C  is  located  below  the  neutral  axis,  the  fiber  stress  is  tensile. 

The  design  of  beams  subjected  to  unsymmetrical  bending  is  greatly  simplified  by  the  use  of 
S-polygons.  Where  several  possible  loading  conditions  are  involved,  the  algebraic  calculations 
are  Idng  and  tedious,  while  the  semi-graphical  S-polygon  offers  a  comparatively  simple  and 
easily  understood  method  of  solution. 

In  designing  by  the  S-polygon  method,  the  process  consists  in  comparing  graphically  the 
flexural  modulus  required  for  any  plane  of  bending  with  that  furnished  by  the  assumed  section. 
From  eq.  (4),  Art.  107,  S  —  M/f,  Having  given  the  bending  moment  to  be  carried  and  the 
allowable  working  stress,  the  required  flexural  modulus  is  readily  determined. 

The  required  S  is  plotted  to  scale  on  a  set  of  coordinate  axes  placed  in  the  proper  position 
in  space.  The  S-polygons  of  the  trial  sections  are  then  plotted  to  scale  on  the  same  set  of  axes. 
In  order  to  answer  the  requirements  of  the  design,  the  S  furnished  by  the  trial  section  must  be 
equal  to,  or  greater  than,  the  required  value. 

IllustratiTe  Problem. — Design  a  wooden  beam  set  with  its 
faces  at  an  angle  of  30  deg.  with  the  vertical,  and  subjected  to 
an  unsymmetrical  bending  moment  acting  in  a  vertical  plane. 
The  span  of  the  beam  is  12  ft.,  and  the  allowable  working  streas 
in  the  timber  is  1(X)0  lb.  per  sq.  in.  Determine  the  beam  section 
required  to  suppoit  a  net  uniform  load  of  300  lb.  per  ft. 

As  the  weight  of  the  beam  section  is  not  known  to  begin  with, 
it  will  be  assumed  to  be  25  lb.  per  ft.  The  total  load  to  be  car- 
ried is  then  325  lb.  per  ft. ;  the  bending  moment  in  a  vertical 
plane  is  Af  -  }i*ol*  -  H(325)(12)>(12)  -  70.200  in.-lb.;  and  the 
required  flexural  modulus  is  £1  «  M/f  «  70.200/1000  -  70.2  in. 
This  is  shown  to  scale  in  the  proper  position  in  Fig.  128. 

From  the  S-polygon  oi  a  rectangle  shown  in  Fig.  121,  Art. 
110,  it  can  be  seen  that  for  bending  at  an  angle  of  60  deg.  with 
the  axis  OX,  fibers  A  and  C  have  values  of  S  which  are  equal  and 
smaller  than  those  for  X>  and  B,  It  is  evident,  then,  that  it  is 
necessary  to  draw  only  the  S-Une  for  point  A  in  order  to  deter- 
mine the  proper  section. 

In  Fig.  128  the  S-lines  for  several  rectangular  sections  are 
shown.     The  6  X  10-in.  section  is  too  small,  for  the  S  furnished 

by  the  section  is  not  equal  to  that  required  by  the  moment.     The  6  X  12-in.  section  is  a  little  too  large,  but  as 

beams  usually  come  in  even  inch  sixes,  it  will  be  adopted. 

Before  this  section  is  finally  adopted,  the  assumed  weight  must  be  checked  up.     At  4  lb.  per  ft.  board  measure, 

a  6  X  12-in.  section  will  weigh  (12  X  Hs)4  —  24  lb.  per  ft.     As  the  weight  assumed  in  the  calculations  was  25  lb. 

per  ft.,  a  revision  is  not  necessary. 

In  Sect.  2,  Art.  64,  there  is  given  the  design  of  a  roof  purlin  for  several  combinations  of  dead, 
snow,  and  wind  load.     The  solution  is  based  on  the  principles  used  in  the  above  problem. 


FlQ.   128. 
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112.  Investigatioii  of  Beams. — An  important  problem  in  the  investigation  of  the  relative 
value  of  the  various  rolled  sections  when  used  as  beams  is  their  moment  carrying  capacity. 
By  means  of  the  S-polygons  of  the  sections,  a  direct  comparison  can  be  made.  Thus,  if  it  be 
required  to  determine  the  relative  moment  carrying  capacity  of  an  I-beam  and  a  channel  of  the 
same  depth  and  weight  per  foot — ^as  for  example,  a  10-in.  25-lb.  I-beam — we  can  refer  to  the 
^polygons  for  these  sections.  Fig.  122  gives  the  ^-polygon  for  a  10-in.  25-lb.  I-beam,  and  Fig. 
123  gives  the  S-polygon  for  a  10-in.  2&-lb.  channel. 

These  polygons  are  drawn  to  the  same  scale  so  that  the  relative  strength  of  the  two  sections 
is  proportional  to  their  sizes.  It  can  be  seen  at  once  that  the  advantage  is  in  favor  of  the  I- 
beam  section.     In  the  same  way,  any  sections  can  be  compared  by  this  method. 

Another  problem  of  considerable  importance  is  the  deteimination  of  the  planes  of  greatest 
and  least  strength  for  any  given  section.  In  this  way  it  b  possible  to  place  a  section  in  such 
a  position  that  its  plane  of  greatest  resisting  moment  coincides  with  the  plane  of  the  bending 
moment,  and  the  section  is  used  to  its  greatest  advantage.  It  is  also  possible  to  avoid  loading 
a  beam  in  the  plane  of  its  least  resisting  moment. 

From  eq.  (4)  of  Art.  107,  it  can  be  seen  that  the  fiber  stress  varies  inversely  as  the  value  of 
S.  Therefore  the  fAane  of  greatest  strength  is  the  one  with  the  largest  S,  and  the  plane  of  least 
strength  is  the  one  with  the  smallest  S.  The  values  are  measured  as  shown  by  the  vector  OE 
of  Fig.  119. 

The  plane  of  greatest  strength  in  bending  of  the  rectangle,  I-beam,  and  channel  sections, 
as  shown  by  their  S-polygons,  (see  Figs.  121,  122,  and  123)  is  in  the  plane  of  the  OY  axis.  By 
an  inspection  of  the  S-polygons,  it  can  be  seen  that  the  plane  of  least  strength  is  perpendicular 
to  the  S-lines,  for  on  these  planes  the  values  of  S  are  a  minimimi.  There  will  be  four  such 
planes  for  the  rectangle  and  I-beam  sections,  one  for  each  S-line.  For  the  channel  section 
there  two  planes  of  least  strength,  one  perpendicular  to  the  S-line  a  and  another  perpendicular 
to  S-line  b. 

The  angles  which  these  planes  make  with  the  axis  OX  can  be  determined  from  a  large  scale 
drawing  of  the  section  by  means  of  a  protractor.  The  angles  can  also  be  determined  by  means 
of  a  proposition  of  Analytical  Geometry  which  states  that  when  a  line  is  perpendicular  to  a  given 
line,  the  slope  of  the  perpendicular  is  the  negative  reciprocal  of  that  of  the  given  line.  Thus 
from  the  equation  of  the  S-line  for  fiber  A,  as  given  by  eq.  (6),  Art.  108,  the  slope  of  the  perpen- 

T       tl  A 

dicular  is   +  7*  ^--'    For  the  rectangle  of  Fig.  121,  we  find  from  the  data  given  in  Art.  110  (a), 

that  the  angle  between  the  OX  axis  and  the  plane  of  least  strength,  as  determined  from  the  above 
equation,  is 

8        6 
tan  of  slope  =  -|-  — -  X  -  =    +0.167,   or  slope  angle  =  9deg.  30  min. 

^00      1 

This  plane  is  shown  in  position  on  Fig.  121. 

The  determination  of  the  planes  of  greatest  and  least  strength  of  the  angle  section,  for  which 
the  S-polygon  is  shown  in  Fig.  124,  is  not  as  simple  a  matter  as  for  sections  of  rectangular  form 
due  to  the  unsymmetrical  form  of  the  S-polygon.  From  an  inspection  of  the  S-polygon  of  Fig. 
124,  it  is  evident  that  the  angle  section  has  its  greatest  strength  as  a  beam  for  the  plane  of  loading 
for  which  the  fiber  sti  esses,  and  hence  the  values  of  S^  for  fibers  A  and  D  are  equal.  This  plane 
can  be  located  by  trial  by  means  of  a  straight  edge  and  a  pair  of  dividers.  It  can  also  be  located 
by  means  of  eq.  (5)  of  Art.  107.  If  values  of  <S>,  as  given  by  eq.  (5)  for  fibers  A  and  D,  be 
equated  and  the  resulting  expression  be  solved  for  9,  the  result  vrill  be  the  desired  plane  of  great- 
est strength.    Performing  the  operation  indicated  above,  we  have 

tan  «  -  -  ^  .  ?^4^ 
^»    Va  +  Vd 

For  the  angle  section  whose  S-polygon  is  shown  in  Fig.  124,  x^  =  +1.61,  va  =  +2.60;  a^  =■ 
+0.59,  tfD  *"  —3.40;  Is  *  11.75,  and  /y  »  2.25.     From  the  above  equation 

*      ^  11.75    1.61  +0.59        ...  „- 

**^  ^  =  -  X26  •  2.60-3.40  ^  ^^^'^^^ 
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or,  9  »  86  deg.  5  min.  Thb  plane  of  loading  is  shown  in  position  on  Fig.  124.  The  plane  of 
least  strength  is  determined  by  methods  similar  to  those  used  for  the  rectangle.  It  is  shown 
on  Fig.  124. 

In  the  above  discussion  the  planes  of  greatest  strength  have  been  located  and  are  shown 
in  position  on  a  few  of  the  sections  in  general  use  as  beams.  To  secure  the  best  results,  it  is 
evident  that  the  section  should  be  so  placed  that  the  plane  of  bending  and  the  plane  of  greatest 
strength  coincide.  It  is  not  possible,  however,  to  realize  these  ideal  conditions  in  all  cases. 
This  is  due  to  the  fact  that  the  methods  of  attaching  the  beam  section  to  its  supports  determines 
the  position  of  the  beam.  Thus  beams  supported  on  a  sloping  surface  must  usually  be  set  with 
their  faces  perpendicular  to  the  supporting  surface.  In  Sect.  3,  Art.  127,  details  of  purlin  con- 
nections are  shown  which  bring  out  this  point. 

When  an  angle  section  is  used  as  a  beam,  it  should  be 

placed  as  shown  in  Fig.  129(a),  for  as  shown  by  the  S-polygon, 

^Stmrfm^      ^^  this  position  is  very  close  to  its  position  for  greatest  strength  for 

^^  bending  in  a  plane  which  is  vertical  or  nearly  so.     At  the  same 

HoriionM'  time,  attachment  to  the  supporting  structure  is  readily  made. 

^  Z-bars  are  seldom  used  as  beam  sections,  as  it  is  difficult 

Fio    129  .  .  . 

to  obtain  them  except  in  large  quantities.  From  the  S-polygon 
for  this  section.  Fig.  125(a),  it  can  be  seen  that  for  the  position  shown  in  Fig.  129(6),  the  section 
is  advantageously  placed  for  bending  in  a  vertical  plane. 

The  T-bar,  as  shown  by  its  S-polygon,  Fig.  125(&),  does  not  form  an  ideal  beam  section, 
due  to  the  fact  that  the  fiber  stresses  on  the  extreme  fiber  of  the  stem  are  much  greater  than 
those  on  the  flange.  In  any  case  it  is  desirable  that  the  section  be  placed  with  the  stem  down. 
The  upper,  and  wider  face,  is  then  in  compression,  which  increases  the  lateral  stiffness  of  the 
section. 

In  some  types  of  roof  covering,  T-bars  closely  spaced,  are  used  to  support  tile  or  short 
span  slabs  carried  directly  on  the  T-bars.  The  stem  of  the  T  is  placed  up,  the  bottom  flange 
forming'a  support  for  the  title.  From  the  discussion  given  above,  it  can  be  seen  that  the  T-bar 
is  not  well  placed  in  this  type  of  construction,  for  the  narrow  stem  of  the  T  is  in  compression, 
and  is  liable  to  fail  due  to  insufficient  lateral  support,  unless  low  working  stresses  are  maintained. 
The  material  is  then  not  used  to  as  great  advantage  as  in  the  other  sections  considered. 

lis.  Tables  of  Fiber  Stress  Coefficients  for  Beams. — The  variety  of  conditions  encountered 
in  problems  in  unsymmetrical  bending  renders  it  impractical  to  attempt  any  very  extensive 
tabulation  of  fiber  stresses  in  beams.  Each  case  must  be  worked  out  by  means  of  the  general 
equations  or  the  S-polygon  methods  given  in  the  preceding  articles.  Where  S-polygon  methods 
are  to  be  used  to  any  great  extent,  it  will  save  time  if  the  S-polygons  of  standard  sections  be 
plotted  on  tracing  cloth,  or  some  transparent  material.  The  required  B  can  be  plotted  on  a 
sheet  of  paper,  as  explained  in  the  illustrative  problem,  p.  8S.  By  la3ring  the  plotted  S- 
polygons  over  the  required  jS,  and  shifting  to  different  sections,  the  desired  section  can  readily 
be  determined. 

There  is,  however,  one  very  important  and  frequently  encountered  condition  of  unsym- 
metrical loading  for  which  tabulations  of  fiber  stress  can  be  made.  The  case  referred  to  is  that 
of  loading  in  a  vertical  plane  on  sections  inclined  at  an  angle  to  the  vertical. 

Table  1  gives  coefficients  for  I-beams;  Table  2  gives  values  for  channels;  and  Table  3 
gives  values  for  angles.  The  fiber  stress  in  any  case  is  obtained  by  multiplying  the  moment, 
M^  by  the  coefficient  given  in  the  tables.  The  sketch  shows  the  conditions  for  which  the  values 
are  given.  These  tables  were  taken  from  articles  by  R.  Fleming,  which  appeared  in  the  £fiy. 
Bac.^  March  3,  1917,  and  in  the  Eng.  News-Rec.t  Feb.  27,  1919. 
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Table  1. — Fiber  Stress  Coefficients,  Bending  Moment  Dub  to 

Vertical  Loading  on  I-beams 


Pitoh  of  roof  in  inohee  per  foot 

I-beam 
section 

0 

1 

2 

3 

4 

5 

6 

7 

8 

ft-in.  12^.1b. 

0.138 

0.212 

0.284 

0.352 

0.415 

0.473 

0.526 

0.573 

0.614 

7-ui.  15    -lb. 

0.097 

0.153 

0.208 

0.260 

0.308 

0.353 

0.393 

0.430 

0.461 

8-iii.  18    -lb. 

0.070 

0.114 

0.157 

0.196 

0.234 

0.208 

0.300 

0.328 

0.352 

»-ui.  21     -lb. 

0.053 

0.088 

0.121 

0.153 

0.183 

0.210 

0.235 

0.257 

0.277 

lO-in.  25     -lb. 

0.041 

0.069 

0.090 

0.122 

0.146 

0.168 

0.188 

0.206 

0.222 

12-in.  3lH-lb. 

0.028 

0.050 

0.071 

0.091 

0.110 

0.127 

0.143 

0.157 

0.170 

YkrHca/. 
hacfing 


Table  2. — ^Fiber  Stress  Coefficients^  Bending  Moment  Due  to 

Vertical  Loading  on  Channels 


• 

Pitoh  of  roof  in  inches  per  foot 

' 

Channel 
Motion 

• 

0 

1 

2 

3 

4 

5 

6 

7 

8 

64n.    8    -lb. 

0.231 

0.396 

0.557 

0.709 

0.851 

0.982 

1.101 

1.207 

1.301 

7-in.    Q^-Ib. 

0.166 

0  296 

0.422 

0.542 

0.055 

0.758 

0.852 

0.935 

1.010 

8-in.  llK-lb. 

0.124 

0.228 

0.330 

0.427 

0.517 

0.600 

0.676 

0.743 

0.804 

9-in.  13M-lb. 

0.095 

0.180 

0.263 

0.342 

0.415 

0.483 

0  545 

0.600 

0.650 

l(Mn.  16     -lb. 

0  075 

0.145 

0.214 

0  279 

0.340 

0.397 

0.448 

0.494 

0.535 

12-in.  20H-lb. 

0.047 

0.004 

0.141 

0.184 

0.225 

0.263 

0.298 

0.329 

0.357 

HANDBOOK  OF  BUILDINO  CONSTRUCTION 


Wfal'-H 


Tabus  3. — Fiber  Stbbbs  Coefitcients,  Beni>- 
iNO  MouBNT  Dub  to  Vertical  Loadinq 

ON  A  MOLES 


Pitch  of  rdo[  in  inchas  p«r  toot 

0 

2 

3 

. 

. 

' 

2M  X  2      X  M  -in 
2M  X  a      X  H.-in 
3      X  2H  X  M  -in 

3  X  2M  X  M,-in 
3M  X  2M  X  W  -in 
3H  X  2M  X  K«-in 

4  X  a    X  M.-in 

4  X  3      X  M  -in 

5  X  3M  X  H.-in 

6  X  3H  X  H  -in 
B      X  4      X  M  -in 
8      X  4      X  H.-in 

3,49 

1.S9 
1. 80 

0  92 
0,60 

3 

1 
0 

0 

0 

30 
V6 
32 
83 

39 

00 
87 

38 

3  11 

1.73 
1  60 

0,94 
0.81 

0,53 
0.36 

8S 

98 

63 

8S 
76 

48 
32 
28 

2,08 
2. 22 
1.86 
1,SI 

0  81 

0  43 

2  48 
1  Tl 

1.02 
0.76 

0  40 

I  80 

0.98 
0  6» 
0.69 
0,43 
0  37 

IS 

1.78 
I  40 

I  08 
0  80 

0  65 
0.41 

0  23 

0 
0 

67 

12 
93 

S2 

48 

30 
28 

114.  Vkriatlon  in  Fiber  Streu  Due  to  ClungBS  in  Position  of  the  Plane  of  Bending.— 

The  S-polygon  ghowB  in  a  striking  manner  that  Bmall  changes  in  the  position  of  the  plaiie  of 

loading  cause  relatively  large  chAOges  in  the  fiber  stress  on  a  given 

/  point  in  the  section.     This  variation  in  position  of  the  plane  of  loading 

may  be  due  to  a  variety  of  causes.     The  deflection  of  the  t>eam  under 

loading  may  tend  to  twist  the  section  about  its  longitudinal  axis,  thus 

changing  the  position  of  the  plane  of  bending  from  that  assumed  in  the 

design.     In  the  case  of  wooden  beams,  warping  of  the  timber  may  have 

a  similar  effect.     To  counteract  these  effects,  the  beam  should  be  held 

rigidly  in  line  by  some  fonn  of  lateral  support.     Bridging  in  wooden 

I  floor  construction  is  one  method  of  providing  this  lateral  support. 

The  effect  of  a  small  change  in  the  position  of  the  plane  of  loading 

will  now  be  shown  graphically  by  means  of  on  8-polygon.     Rg.  130 

shows  the  S-polygon  of  a  10-in.  254b.  I-beam,  data  for  which  are 

given  in  Art.  110(b).     A  comparison  will  be  made  of  fiber  stresses  for 

bending  in  the  plane  of  the  OY  axis,  and  for  bending  in  anoth^ 

plane  1  deg.  away  from  the  first  plane;  that  is,  for  0  ^  90  dcg.  and 

89  deg.  respectively.     By  scale  from  Fig.  130,  we  have  Si  =  24.4 

in',  for  9  =  90  deg.,  and  Si  -  21.3  in',  for  *  =  89  deg.     The  result 

('   ing  fiber  stresses  are:  /,  =  0.04099  M,  and  /,  =  0.0479fi  M.     These 

values  differ  by  14.S%  of  /■.     Values  of  S  are  also  indicated  for 

P^^  bending  planes  at  5  and  6  deg.  from  the  axis  OY.     At  this  place  the 

stresses  differ  by  about  7.5%. 

It  can  be  seen  by  comparing  the  calculated  values  given  above,  and  also  by  inspection 

from  fig.  130,  that  this  percentage  is  a  maximum  for  planes  of  loading  near  the  OY  axis. 

In  narrow  deep  sections,  the  fiber  stress  increase  is  large  for  s  relatively  small  change  in  the 
direction  of  the  plane  of  loading.  To  avoid  this  effect,  beam  sections  should  be  chosen  from 
rolled  shapes  or  rectangular  sections  which  have  considerable  lateral  rigidity.  If  narrow  sec- 
tions must  be  used,  they  should  be  thoroughly  braced  to  prevent  overturning. 

It  is  also  interesting  to  note  the  change  in  position  of  the  neutral  axis  due  to  changes  in  the 
plane  of  bending.     This  effect  is  best  studied  by  means  of  eq.  [Ij,  Art.  106.     For  the  beam  sec- 
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tion  considered  above,  suppose,  as  before,  that  the  plane  of  bending  is  1  deg.  from  the  axis  OY,  or 
tf  »  89  deg.  in  eq.  (1).     Then 

.  //  /r  N     ♦       ^       (-122.1) (0.01746) 

tan  a  =  —  {Ix/I»)  cotan.  9  — " 

o.  V 

tan  «  -  -0.309,  or,  a  =  180*  -  17**  10' 
It  will  be  noted  that  a  1  deg.  change  in  the  position  of  the  plane  of  bending  causes  a  17-deg. 
change  in  the  position  of  the  neutral  axis. 

Table  4  gives  the  percentage  change  in  fiber  stress  and  the  corresponding  change  in  the 
position  of  the  neutral  axis  due  to  a  1-deg.  change  in  the  direction  of  the  plane  of  bending  from 
the  O  Kaxis  of  standard  I-beam  and  channel  sections.  These  values  were  calculated  by  the  meth- 
ods given  above. 

Tablb  4. — Percentagb  Increase  in  Fiber  Stress  and  Change 

IN  Position  of  Neutral  Axis  for  a  One-Degree  Change 

IN  Direction  ov  Plane  of  Bending. 

Pbmot 


Chan^  in 

j_ 

Inoreaae  in 

slope  of  neu- 

Section 

fiber  Btrees 

tral  axis 

^w 

(per  cent.) 

a 
(degrees) 

20-in.  6&-lb.  I-beam 

41.8 

22.8 

36«»  10' 

18-in.  55-lb.  I-beam 

37.5 

21.8. 

33«  15' 

16-in.  42-lb.  I-beam 

30.2 

10.3 

2r  50* 

12-in.  31H-lb.  I-beam 

22  7 

16.5 

21"  35' 

lO-in.  25-lb.  I-beam 

17.7 

14.4 

ir  10' 

9-ia.  21-lb.  I-beam 

16.4 

13.8 

1&*V 

8-ia.  18-lb.  I-beam 

15.0 

13.1 

14"  40' 

7-lii.  iMb.  I-beam 

13.5 

12.3 

13*20' 

6-m.  12M-lb.  I-beam 

11.8 

11.5 

11*40' 

15-in.  33^b.  channel 

38.1 

23.2 

33*40' 

12-in.  20H-lb.  channel 

.32.8 

21.4 

29*50' 

10-in.  l&-lb.  channel 

29.1 

19.9 

2r  0' 

9-in.  I33^-lb.  channel 

26.3 

18.5 

24*40' 

8-in.  llV^-Ib.  channel 

24.8 

18.2 

22*55' 

7-in.    Of^-lb.  channel 

.21  5 

16.5 

20*35' 

d-in.    8-lb.  channel 

18.6 

15.2 

18*0' 

116.  Deflectioii  of  Beams  Under  Unsjrmmetrical  Bending. — The  amount  and  direction 
of  the  deflection  of  a  beam  subjected  to  unsymmetrical  bending  is  often  desired.  To  determine 
the  desired  deflection^  the  bending  moment  can  be  resolved  into  its  components  parallel  to  the 
principal  axes  of  the  section  and  the  deflection  determined  for  these  component  moments  by 
means  of  the  usual  formulas  for  the  case  in  question.  The  required  resultant  deflection  is  equal 
to  the  vector  sum  of  the  component  deflections. 

Suppose  the  rectangular  section  of  Fig.  131  b  subjected  to  bending  in  a  plane  at  an  angle 
9  to  axis  OX  due  to  a  uniform  load  of  to  lb.  per  foot.  Required  the  amount  and  direction  of 
the  resulting  deflection. 

As  the  components  of  moment  parallel  to  the  axes  OX  and  OY  are  proportional  to  the  com- 
ponents of  the  applied  load  for  these  same  axes,  the  deflection  parallel  to  the  axes  can  be  written 

from  the  deflection  formula  for  uniform  loading,  which  is,  (2  »  ^84  e^  (see  Art.  66).     For 

the  component  of  load  parallel  to  the  OX  axis,  we  have  from  the  above  formula 

and  for  the  load  parallel  to  the  OY  axis,  we  have 

.    _  _^    ?^   to  sin  9 

^""384'^'      /, 
where  d^  and  d^  are  the  components  of  deflection  for  the  OX  and  OY  axes  respectively. 
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He  vector  sum  of  theoe  defiections  is 

d  =  (rf.'  +  d,')>i 
vhere  d  ia  the  d«8ired  deflection.    Substituting  the  above  values  of  d,  and  d„  we  have 
,  _    JS     wiV/,'cos»ff +  /,«8in'*\H 

''  =  m-E  ( jTif^ — )  tl«) 

From  Fig.  131  (o)  the  angle  which  the  resultant  deflectJon  makes  with  axis  OX  is 

tan  ^  -  -'  -  J-' tan  9  (17) 

As  this  expreseioa  is  the  negative  reciprocal  of  that  given  in  eq.  (1),  Art.  106,  it  can  be  seen  that 

the  direction  of  deflection  ia  perpendicular  to  the  neutral  axis  for  the  given  plane  of  bending. 

If  the  loading  conditions  differ  from  those  assumed  in  the  above  analyns,  it  is  only  necM- 

sary  to  chaise  the  value  of  the  constant  %n  -  of  eq.  (16)  to  meet  the  required  conditions. 


n^ 


M 


"^ 


lite  amount  and  direction  of  deflection  can  also  be  determined  by  graphical  methods  which 
are  baaed  on  certain  properties  of  the  ellipse.     Eq.  (16)  can  be  written  in  the  form 
5     wl* . 


where D  =  { t—, ,/,',,  ■  .    I 

\/,'  coa'tf  +/,'Bm'ff/ 


This  value  of  D  can  be  shown  to  be  the  equation  of  an  ellipse  with  major  and  minor  axes  I,  and 
/(.  f^g.  t31((>)  shows  the  D-ellipee  for  a  rectangular  section.  The  vector  D,  measured  as 
shown  in  Fig.  131((>),  gives  the  denominator  of  the  above  equation  for  loading  on  the  given 

As  stated  above,  the  direction  of  deflection  is  perpendicular  to  the  neutral  axis.  The 
neutral  axis  can  be  located  by  means  of  the  inertia  ellipse  of  the  section.  A  complete  discuSNon 
of  the  inertia  ellipse  will  be  found  in  advanced  works  on  Mechanics,  to  which  the  reader  is 
referred. 

Fig.  131(c)sbows  the  inertia  ellipse  for  a  rectangular  section.  It  ia  constructed  with  major 
and  minor  axes  equal  to  the  radii  of  gyration  of  the  section  for  the  axes  OX  and  OY.  To 
locate  the  neutral  axis,  draw  through  point  O  a  line  parallel  to  the  plane  of  bending.  Draw 
n-o,  any  chord  of  the  ellipse  parallel  to  the  plane  of  bending.  Bisect  this  chord,  and  through 
its  center  point  draw  a  line  n-n  which  passes  through  the  point  0.  Thiji  line  is  parallel  to  the 
direction  of  the  neutral  axis  for  the  given  direction  of  bending.  This  construction  is  based  on 
the  fact  that  eq.  (l)  expresses  the  relation  which  exists  between  the  conjugate  diameters  of 

A  line  perpendicular  to  ft-n  gives  the  direction  of  the  desired  deflection,  as  shown  in  Fig. 
131(e). 
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DESIGNING  AND  DETAILING  OP  STRUCTURAL  MEMBERS  AND 

CONNECTIONS 


STEEL  SHAPES  AND  PROPERTIES  OF  SECTIONS 

By  Walter  W.  Clifford 

1.  Steel  Shapes. — The  steel  used  in  structures  is  in  the  form  of  single  pieces,  or  combinations 
of  two  or  more  pieces,  to  which  the  general  term  shapes  is  applied.  The  procedure  in  the  manu- 
faeiure  of  these  shapes  consists  of  the  following  operations:  (1)  smelting  iron  ore  and  producing 
pig  iron ;  (2)  converting  the  {Hg  iron  mto  rectangular  prisms  of  steel,  called  ingots;  and  (3)  rolling 
the  ingots  to  the  desired  shapes.  The  shapes  used  in  building  construction  are:  square  and 
round  rods  or  bars,  flat  bars  or  flatSy  plates,  angles,  channels,  I-beams,  Hnsections,  zees  and  tees. 
Flat  members  6  to  7  in.  wide  and  less  are  usually  designated  as  bars  or  flats;  over  6  to  7  in.  wide 
are  designated  as  plates.  Zees  and  tees  are  not  now  used  to  any  great  extent.  Zees  have 
been  used  extensively  for  columns  but  are  rapidly  becoming  obsolete.  H-sections  are  designed 
for  use  as  columns. 

The  process  of  rolling  I-beams,  channels,  angles,  etc.,  is  in  general  as  follows:  The  ingots 
are  heated  to  a  uniform  temperature  in  soaking  pUs^  and  then  are  taken  out  and  passed 
several  times  through  a  set  of  rolls,  called  blooming  rolls.  These  rolls  give  to  a  piece  only 
the  general  shape  (rectangular,  flat,  or  square)  of  the  finished  product.  The  next  step  is  to 
pass  the  steel  through  the  roughing  rolls,  and  then  the  piece  is  passed  to  the 
finishing  roUs  where  the  final  shaping  takes  place.  The  pieces,  still  very  hot, 
are  then  passed  on  by  movable  tables  to  circular  saws  where  they  are  cut  into 
required  lengths. 

The  method  of  increasing  sectional  area  of  standard  shapes  is  shown 
in  Fig.  1.  For  example,  suppose  it  is  desired  to  roll  channels  or  I-beams 
having  the  same  depth,  but  different  thicknesses  of  web.  These  sections  are 
always  rolled  horizontally  and  the  increase  in  thickness  of  web  b  accomplished  by  changing  the 
distance  between  the  rolls,  the  effect  being  to  change  the  width  of  flange  as  well.  Thus,  two 
beams  with  the  same  height  but  different  weights  differ  simply  by  a  rectangle  as  shown.  It 
will  be  seen,  also,  that  for  an  angle  with  certain  size  of  legs  the  effect  of  increasing  weight  is  to 
change  slightly  the  length  of  legs,  and  to  increase  the  thickness. 

Bethlehem  beam,  girder  and  H-sections  are  shaped  by  four  rolls  instead  of  the  two 
grooved  rolls  used  for  manufacturers'  standard  shapes.  The  use  of  so  many  rolls  makes  pos- 
sible a  variation  of  height  as  well  as  width,  and  both  are  increased  with  additional  weight  in 
H-eections. 

Plates  when  rolled  to  exact  width,  the  width  being  controlled  by  a  pair  of  vertical  rolls, 
are  known  as  universal  mill  or  edged  plates.  Plates  rolled  without  the  width  being  con ti  oiled 
have  uneven  edges  and  must  be  sheared  to  the  correct  width.  Such  plates  are  known  as  sheared 
plates. 

The  properties  of  the  standard  shapes  manufacfcured  by  the  different  steel  companies  are 
the  same.  The  standard  shapes  of  the  Assoc,  of  Am.  Steel  Mfrs.,  are  rolled  by  all  mills,  but 
each  company  also  has  its  own  list  of  special  shapes.  These  special  shapes,  which  are  different 
for  the  diffeient  mills,  are  not  as  likely  to  be  in  stock  as  the  standard  shapes. 

Standard  I-beams  are  rolled  in  depths  from  3  to  24  in.  and  standard  channels  from  3  to  15 
in.    The  different  depths  of  standard  I-beams  are:  3  to  10  in.  consecutively,  then  12  in.,  15  in., 
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18  in.,  20  in.)  and  24  in.     For  channels,  3  to  10  in.  consecutively,  then  12  in.  and  15  in.     For 
each  depth  of  I-beam  and  channel  there  are  several  standard  weights. 

Minimum  sizes  of  steel  shapes  are  more  likely  to  be  found  in  stock  and  are  the  most  effi- 
cient for  resisting  bending  considering  the  weight  of  material  used.  The  rolls  are  made  espe- 
cially for  these  sections  and  the  heavier  sections  for  a  given  depth  of  beam  are  obtained  by 
spreading  the  rolls  as  explained  above. 

I-beams  and  channels,  15  in.  and  under,  and  angles  6  in.  and  under,  take  the  &a$e  price. 
Heavier  sections  are  charged  for  at  a  higher  rate,  usually  10  c.  per  100  lb.,  above  base  price. 

8.  Properties  of  Sections. — The  fundamental  properties  of  sections  may  be  said  to  be: 
sectional  dimensions,  location  of  the  center  of  gravity,  and  the  moments  of  inertia  about  the 
various  axes.  The  distance  from  the  center  of  gravity  to  the  most  stressed  fiber  c;  the  section 
modulus  S;  and  the  radius  of  gyration  r,  follow  from  these. 

The  method  of  finding  the  center  of  gravity  is  explained  in  Sect.  1,  Art.  44.  The  derivation 
and  use  of  /  and  S  are  explained  in  the  chapter  on  '* Simple  and  Cantilever  Beams''  in  Sect.  1. 
The  use  of  r  is  considered  in  the  chapter  on  "Columns"  in  Sect.  1. 

To  facilitate  the  work  of  the  designer,  certain  so-called  properties  of  steel  sections  are  pub- 
lished. The  facility  with  which  a  designer  can  find  and  use  these  properties,  which  are  given 
in  maniifacturers'  handbooks  and  elsewhere,  has  much  to  do  with  the  amount  of  work  which  he 
can  accomplish. 

It  is  not  intended  to  include  in  this  handbook  steel  tables  similar  to  those  which  are  avail- 
able in  the  steel  manufacturers'  handbooks  or  in  Ketchum's  "Structural  Engineers'  Handbook." 
Articles  which  follow,  however,  give  the  necessary  general  information  concerning  such  tables 
and  their  use. 

2a.  Properties  of  Wood  Sections. — Wood  sections  are  commonly  rectangular 
and  therefore  easily  designed  by  the  fundamental  formulas.  It  should  be  remembered,  how- 
ever, that  the  actual  sizes  of  dressed  lumber  are  not  the  nominal  sizes.  This  handbook  gives 
all  the  tables  commonly  needed  for  the  structural  design  of  wooden  members,  but  tables 
are  also  published  by  various  lumber  associations.  The  "Southern  Pine  Manual"^  contains 
excellent  tables.  This  manual  gives  /  and  S  for  various  sections;  tables  of  allowable  uniform 
loads  for  plank  and  beams,  considering  moment,  shear,  and  deflection;  and  tables  of  column 
loads.  In  addition  there  are  tables  of  allowable  loads  for  trussed  beams  and  much  miscel- 
laneous information  about  yellow  pine. 

26.  Properties  of  Steel  Sections — Beams. — The  steel  manufacturers'  handbooks 
give  very  complete  tables  of  properties  of  steel  sections.  Uniformly  loaded  I-beams,  channels, 
and  angles  should  be  selected  from  the  tables  of  safe  or  allowable  uniform  loads.  These  tables 
can  also  be  adapted  for  other  loadings,  such  as  for  a  load  concentrated  at  the  center,  in  w^hich 
case  a  beam  should  be  selected  which  will  carry  twice  the  load,  uniformly  distributed.  For  a 
number  of  load  concentrations,  approximately  equal  in  amount  and  spacing,  the  load  may  be 
considered  as  uniform. 

For  irregular  loadings  on  I-beams  and  channels  the  moment  and  shear  should  be  computed 
and  the  tables  used  which  give  the  allowable  resisting  moment  and  shear  of  the  various  shapes. 
If  desired,  however,  the  beams  may  be  designed  by  computing  the  section  modulus  and  select- 
ing the  proper  size  of  beam  from  the  tables  of  properties.  Angles,  tees  and  other  miscellaneous 
shapes  used  as  beams  must  usually  be  designed  by  use  of  the  section  modulus,  as  few  tables  of 
safe  loads  or  resisting  moments  and  shears  are  given  for  these  shapes. 

Bethlehem  beams  and  girders  differ  from  the  manufacturers'  standard  sections  rolled  by 
other  manufacturers.  The  beams  have  heavier  flanges,  and,  where  moment  is  the  consideration, 
they  are  lighter  for  the  same  strength  than  other  sections.  Their  webs  are  lighter  than  in 
standard  sections.  Bethlehem  girder  sections  are,  for  their  depths,  the  strongest  sections  rolled. 
They  have  nearly  twice  the  carrying  capacity  of  the  manufacturers'  standard  section  for  the 
same  depth,  but  they  are  uneconomical  where  there  is  room  for  a  deeper  section.  Tables  of 
uniform  loads  for  Bethlehem  sections  are  given  in  Bethlehem  Handbook.  The  common  prop- 
erties are  also  given. 

>  Southern  Pine  AuooUtion,  New  Orleani,  La. 
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Built-up  steel  beam  properties  usually  have  to  be  computed  with  the  properties  of  the 
component  parts  as  a  basis.  Some  properties  of  the  more  common  ]:date-f;irder  sections  are 
given  in  the  principal  steel  handbooks. 

To  compute  the  moment  of  inertia,  /,  of  a  built-up  f^irder  section  about  the  neutral  axis 
of  the  net  section — ^that  is,  when  rivet  areas  on  the  tension  side  are  to  be  deducted — the  moment 
of  inertia  is  first  computed  about  an  axis  through  the  geometrical  center  of  the  section  and  then 
corrected  so  as  to  obtain  the  value  about  an  axis  through  the  center  of  gravity  of  the  net  section. 

In  regard  to  the  position  of  the  neutral  axis  in  a  plate  girder  section  Lewis  E.  Moore  has 
the  following  to  say  in  his  book  on  the  ''Design  of  Plate  Girders.'' 


Fio.  2. 


Some  authors  claim  that  the  neutral  axis  should  be  determined  by  considering  the 
net  section  on  the  tension  side  and  the  groes  section  on  the  compression  side.  The  net 
section  eadsts  only  over  a  short  proportion  of  the  length  of  the  beam  and  it  seems  very 
reasonable  that  the  neutral  ads  should  in  general  be  nearer  the  position  which  is  deter- 
mined by  using  the  gross  area  than  that  determined  by  using  partly  gross  and  partly  net 
areas.  It  seems  an  entirely  reasonable  assumption  that  the  axis  does  not  shift  violently 
up  and  down,  but  remains  in  substantially  the  same  vertical  position  throughout  the 
length  of  a  fNToperly  designed  beam.    It  seems  reasonable  that  this  position  will  be 

nearer  to  the  neutral  axis  of  the  preponderating  section,  which  is  the  gross  section.  The  truth  of  the  matter  pro- 
bably is  that  the  neutral  axis  lies  somewhere  between  the  two  extreme  positions  determined  by  the  two  methods 
mentioned  above  and  probably  nearer  to  that  determined  by  using  the  gross  section. 

In  keeping  with  Mr.  Moore's  discussion  the  resisting  moment  of  a  plate  girder  is  usually 
determined  by  considering  the  neutral  axis  through  the  center  of  gravity  of  the  gross  area  and 
then  finding  the  moment  of  inertia  about  that  axis  deducting  for  the  rivet  holes  in  the  tension 
flange. 

The  following  example  illustrates  the  method  of  computing  /  about  the  neutral  axis  of 
the  gross  section  by  the  rules  and  methods  given  in  Aits.  44  and  61p,  Sect.  1.  A  girder  is 
assumed  as  shown  in  Fig.  2  with  three  ^-in.  rivets  in  the  tension  side  of  the  section. 


Part 

A 

(•rea) 

X 

Dist.  e  of  g.  of  part 

to  c.  of  g.  of 

whole 

Ax 

Ax* 

/ 

/  + Ax* 

Web 

18  sq.  in. 
23  sq.  in. 
14  sq.  in. 

0                          0 

0 
6310  in.« 
4800  in.« 

583   in.« 
283  in.« 

1944  in.« 
80in.« 

1.944  in.« 
6.390  in.« 
4,800  in.« 

4  angles. 

16.57  in. 
18.5    in. 

18.25  in. 
14.75  in. 

381  in.> 
259  in.> 

31.9  in.> 
19.3  in.» 

2  cover  olates 

Flanse  rivet  h<^a4 

55  sq.  in. 
—  1.75Bq.  in. 
— 1.31  sq.  in. 

13.134  in.« 
866  in.« 

Web  rivet  hole 

Net  area  >  51.94  sq.  in. 

Net/  - 

3.06  sq.  in. 

12.268  in.« 

The  allowance  made  for  a  rivet  hole  is  for  a  hole  ^  in.  more  in  diameter  than  the  diameter 

of  the  rivet — that  is,  Ji  in.  for  a  Ji-in.  rivet.     The  properties  of  the 

1       ^^         |iM'    plates  may  be  taken  from  tables  in  the  steel  handbook  or  may  be  easily 

I  t-sisUi'^  I  ^      computed.     The  area  and  /  for  the  angles  may  be  taken  directly  from 

I  Z'X^i  »    I  ^      |.|jg  handbook  (properties  of  angles).     The  x  distance  used  for  an  angle 

I  I  ^     is  one-half  the  distance  back  to  back  of  the  angles^  less  the  distance  from 

^A^-jS-JSr/*  ■         the  back  of  the  angle  to  its  center  of  gravity.     Areas  of  rivet  holes  may 

si'tftouhi^ti       be  taken  from  the  steel  handbook  or  from  table  on  p.  276  of  this  hand- 

Fio.  a.  book.     /  for  the  cover  plates  and  rivet  holes  is  neglected. 

The  same  general  form  of  computation  may  be  used  for  built-up 
chord  sections.  In  the  following  computations  for  radius  of  gyration,  a  chord  section  as 
shown  in  Fig.  3  is  assumed. 
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Member 

A 

X 

(above 

bottom  of 

section) 

Ax 

Ax* 

I 

/  +  Ax* 

Top  plate 

6.0    in.« 
7.5    in.« 
4.22  in.s 
8.44  in.» 

10.7    in. 
5.25  in. 
0.61  in. 
0.80  in. 

64.2  in.« 

30  .4  in.s 

40.5  in.> 

7.5in.» 

687  in.« 

207  in.« 

380  tn.« 

7in.« 

250  in.« 
4in.« 
7in.« 

087  in.« 

457  in.« 

393  in.« 

14  in.« 

2  web  plates 

2  too  anffles 

4  bottom  angles 

26.16  in. « 

15l.6in.> 

1551  in.« 

151.6 
20.16 
1551 


5.8  in.  distance  of  center  of  gravity  above  bottom  of  section. 

(26. 16)  (5.8)*  -•  671  in.*  -•  I  about  center  of  gravity  of  entire  section. 


\S -«•'»'»• 


f20.16 

Columns, — I-beams  are  occasionally  used  as  columns.  Their  properties  will  be  found  as 
noted  under  beams.  The  only  rolled  steel  column  section  in  common  use  is  the  H-section. 
The  Carnegie  Co.  rolls  4,  5,  and  &-ih,  H-sections;  and  the  Bethlehem  Co.  rolls  8,  10,  12,  and 
14-in.  H-sections  in  a  large  range  of  weights.  The  properties  of  various  built-up  columns  of 
pairs  of  channels,  both  latticed  and  with  cover  plates,  and  of  plate  and  angle  sections  are 
given  in  the  steel  handbooks.  Ketchum  also  gives  properties  of  built-up  column  sections. 
For  general  method  of  computing  /  and  r  for  compound  sections,  see  preceding  article. 

There  are  also  patent  columns  such  as  Lally  columns,  *  and  cast-iron  columns  for  second-class 
construction  or  light  loads,  whose  properties  are  given  in  books  issued  by  the  manufacturers. 

Struts  and  Ties. — In  the  design  of  struts  and  ties,  it  is  found  convenient  to  have  tables  giving 
the  values  of  the  radius  of  gyration  r,  and  also  tables  giving  net  areas  deducting  rivet  holes. 
The  principal  steel  handbooks  give  values  of  r  for  pairs  of  different  angles  back  to  back,  and 
also  the  net  areas  for  angles.  It  should  be  noted  that  the  minimum  r  foi  a  single  angle  is  not 
about  an  axis  parallel  to  either  leg.  This  minimum  r  is  given  in  the  tables  of  the  properties  of 
angles. 

8c.  Properties  of  Concrete  Sections. — Various  tables  and  curves  for  concrete 
design  are  published  both  in  this  handbook  and  in  Hool  and  Johnson's  ''Concrete  Ekigineers' 
Handbook,"  also  in  "Reinforced  Concrete  Design  Tables"  by  Thomas  and  Nichols. 

2d.  Properties  of  Cast-iron  and  Miscellaneous  Sections. — The  shapes  in  which 
materials  like  cast-iron  and  masonry  are  used  are  not  standard.  There  are  therefore,  in  general, 
no  available  tables  of  properties.  Recourse  must  be  had  to  the  general  principles  previously 
given.  Sections  in  these  materials  can  ordinarily  be  divided  into  geometric  figures.  The 
properties  of  the  more  common  geometric  forms  are  to  be  found  in  the  steel  handbooks. 


WOODEN  BEAMS 


By  Henry  D.  Dewbll 


Under  this  heading  will  be  considered  only  timber  beams  and  girders  of  solid  and  uniform 
section. 

Wooden  beams  are  used  in  building  construction  generally  as  joists  or  girders  supporting 
vertical  loads  only.  Certain  exceptions  to  this  general  rule  are  cases  in  which  timbers  may  be 
employed  in  wall  framing,  as  girts  or  vertical  beams,  to  resist  the  lateral  force  of  wind. 

3.  Factors  to  be  Considered  in  Design. — The  factors  determining  the  selection  of  the  siie 
of  a  wooden  beam  are: 

(a)  The  maximum  unit  fiber  stress  in  bending  must  not  be  excessive. 

>  The  Lally  Column  Co..  New  York  and  Chicago. 
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(6)  The  maximum  unit  stress  due  to  horizontal  shear  must  not  be  excessive. 

(c)  The  deflection  of  the  beam  under  maximum  loading  must  be  within  the  allowable  limit. 

C<i)  The  depth  must  be  within  any  limits  of  space  between  floor  and  ceiling,  or  in  accor- 
dance with  any  restrictions  as  to  dear  story  height. 

(e)  The  cross-sectional  dimensions  should  be  of  a  size  easy  to  obtain. 

(/)  The  oross-eectional  dimensions  should  be  considered  as  to  requirements  of  details  of 
connection. 

C^)  One  or  both  of  the  cross-sectional  dimensions  may  be  limited  by  the  building,  as  in  frame 
or  mill  construction. 

The  fundamental  bending  formula  used  in  the  design  of  beams,  is  treated  in  the  chapter  on 
"Simple  and  Cantilever  Beams"  in  Sect.  1.  Shear  and  deflection  are  also  treated  in  the  same 
chapter. 

4.  Allowable  Unit  StreBses. — Unit  stresses  for  design  of  wooden  beams  are  usually  pre- 
scribed by  building  (^dinances  for  the  various  kinds  of  timber.  These  allowable  stresses  vary 
widely  in  different  cities,  the  older  ordinances  in  general  prescribing  lower  limits  than  the  more 
recent  ones.  The  tendency  in  revising  ordinances  is  to  increase  the  allowable  unit  stresses  in 
timber,  at  least  for  timber  in  bending.  This  feature  is  due  largely  to  the  efforts  of  the  lumber 
manufacturers'  organizations  in  competition  with  the  constantly  widening  use  of  reinforced 
concrete.  At  the  same  time  these  manufacturers,  in  conjunction  with  engineering  organizations, 
are  giving  more  attention  to  the  grading  rules  and  to  furnishing  timber  of  uniform  high  quality. 
In  comparing  the  allowable  imit  stresses  found  in  various  building  ordinances  the  prescribed 
live  loading  must  also  be  taken  into  consideration.  For  example,  a  limit  of  1500  lb.  per  sq.  in. 
in  bending  with  a  60-lb.  live  load  will  give  the  same  size  beam  as  a  40-lb.  live  load  with  a  limiting 
fiber  stress  in  bending  of  1000  lb.  per  sq.  in. 

It  is  obvious  that  the  allowable  unit  stresses  are  dependent  on  the  quality  of  timber  used. 
In  this  respect  most  of  the  newer  building  ordinances  allow  higher  stresses  for  a  select  grade  of 
lumber,  whereas  older  ordinances  make  no  distinction  in  grade,  or,  more  accurately  speaking, 
they  prescribe  for  the  grade  of  timber  most  likely  to  be  used. 

6.  lUnds  of  Timber. — The  timbers  most  commonly  used  for  wooden  beams  in  building 
construction  are  long-leaf  yellow  pine  and  Douglas  fir,  the  first  being  employed  almost  exclu- 
sively throughout  the  Eastern  states,  and  the  latter  having  its  widest  use  in  the  Pacific  Coast 
states.  Less  extensively  employed,  may  be  mentioned  short-leaf  yellow  pine,  white  pine, 
Norway  pine,  spruce,  hemlock  and  redwood. 

6.  Quality  of  Timber. — The  desired  quality  of  timber  is  determined  by  specifications  or 
by  referring  to  grading  rules  established  by  the  lumber  manufacturers.  Thus,  .the  timber  for 
joists  or  girders  may  be  specified  by  the  designer  to  be  Select  Structural,  Dense  Grade,  Sound 
Gkade,  No.  1  Conmion,  or  Select  No.  1  Common.  In  the  Pacific  Coast  states,  the  two  latter 
terms  are  generally  used,  very  little  structural  timber  entering  into  a  building  being  above  No. 
1  Common.  Both  the  Southern  Pine  Association  and  the  West  Coast  Lumbermen's  Associa- 
tion have  established  a  Structural  Grade  for  long-leaf  yellow  pine  and  Douglas  fir,  and  in 
the  larg^er  cities  lumber  of  this  quality  can  probably  be  obtained.  In  many  cases,  however, 
the  lumber  may  be  purchased  from  the  smaller  yards,  and,  even  if  specified  as  No.  1  Common, 
may  contain  a  considerable  percentage  of  No.  2  Common,  since  it  is  a  practice  of  some  lumber 
yards  to  purchase  No.  2  Common  material  and  select  the  better  pieces  to  be  sold  as  No.  1 
Common. 

The  designer  may  not  control  the  construction  of  the  building.  If  he  does  not,  and  sus- 
pects that  his  specifications  may  not  be  followed,  he  will  be  wise  to  use  conservative  stresses. 

7.  Holes  and  Notches  for  Pipes,  Conduits,  etc. — Plumbers,  electricians,  and  gas  fitters  are 
no  respecters  of  architects  and  engineers,  and  have  no  hesitation  in  boring  a  hole  or  cutting  a 
notch  in  a  joist  or  girder.  This  fact  is  an  additional  reason  for  using  conservative  stresses  in  the 
calculation  of  joists  and  girders,  and  especially  the  former. 

8*  Horizontal  Shear. — In  deep  short  beams  the  safe  unit  stress  in  horizontal  shear  may  be 
the  determining  feature.  This  will  seldom  be  the  case  in  the  design  of  joists,  but  may  be  a 
factor  in  the  selection  of  the  proper  size  for  girders.     In  this  connection  the  effect  of  possible 
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checks  at  the  ends  of  the  beam,  in  or  near  the  horizontal  plane,  should  be  considered.     Such 
checks  obviously  decrease  the  section  of  beam  for  resisting  shearing  stresses. 

9.  Bearing  at  Ends  of  Beams. — Sufficient  bearing  must  be  provided  at  the  ends  of  all  beams, 
80  that,  with  the  maximum  reaction  at  the  support,  the  timber  may  not  crush  in  side  bearing. 
Most  structural  timbers  are  comparatively  weaJc  in  cross  bearing.  The  details  at  the  ends  of 
timber  beams  are  often  poor,  insufficient  bearing  area  being  provided,  so  that  the  beams  could 
never  develop  their  safe  loads  as  determined  by  bending  strength.  In  general  no  beam  should 
have  a  smaller  bearing  area  than  given  by  the  product  of  the  width  of  the  beam  by  4  in.  Details 
of  end  connections  of  beams  and  girders  are  discussed  in  Arts.  122  and  123. 

10.  Deflection. — If  a  beam  has  insufficient  depth  for  its  span,  it  will  deflect  excessively. 
The  result  may  be  a  cracked  ceiling,  if  the  latter  is  plastered,  or,  in  an  unplastered  building, 
merely  a  floor  that  shakes  when  walked  upon.  The  limit  of  deflection  of  a  timber  joist  is 
generally  placed  at  3^oo  of  the  span. 

Timber  is  different  from  the  other  building  materials,  such  as  steel  or  concrete,  in  that,  if 
loaded  excessively  with  a  constant  load,  its  deflection  will  continue  to  increase  with  no  increase 
of  load,  even  though  the  maximum  unit  stress  in  bending  be  within  the  elastic  limit  of  the  par- 
ticular timber.  For  this  reason,  many  specifications  require  that  the  modulus  of  elasticity  for 
''dead,"  or  constant,  loads  be  taken  as  one-half  the  modulus  of  elasticity  used  for  "live," 
or  occasional,  loading,  the  latter  quantity  being  the  value  determined  from  a  short-time  loading 
test.  For  example,  the  Am.  Ry.  £ng.  Assoc,  through  the  committee  on  "  Wooden  Bridges  and 
Trestles,"  recommends  ''To  compute  the  deflection  of  a  beam  under  long-continued  loading 
instead  of  that  when  the  load  is  first  applied,  only  50%  of  the  corresponding  modulus  of 
elasticity  given  in  the  table^  is  to  be  employed."  Tests  by  Tieneman'  indicate  that  a  beam 
may  be  loaded  to  within  20%  of  its  elastic  limit  without  danger  of  increase  of  deflection. 

The  recommendation  is  here  made  that  for  constant  or  "dead"  loads  the  modulus  of  elas- 
ticity be  taken  at  ^  that  given  in  the  table  in  Sect.  7,  Art.  10,  while  for  occasional  or  "live" 
loading  the  full  values  of  this  table  be  used. 

IL  Lateral  Support  for  Beams. — A  timber  beam  needs  to  be  supported  laterally  in  the 
same  manner  as  a  beam  of  steel  or  concrete.  Floor  joists  are  braced  by  the  flooring  and  also 
by  the  bridging,  while  the  girders  are  held  by  the  attachment  of  joists. 

In  the  case  of  a  beam  unsupported  laterally,  the  maximum  unit  fiber  stress  in  flexure 
should  not  exceed  the  value 
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where  /i  =  basic  unit  flexural  fiber  stress,  {  —  span  of  beam  in  inches,  and  b  =  breadth  of  beam 
in  inches.' 

12.  Sized  and  Surfaced  Timbers. — The  fact  must  always  be  borne  in  mind  by  the  designer 
of  timber  beams  that  a  variation  from  the  nominal  size  of  timbers  is  allowed  by  all  grading  rules; 
also,  that  if  timber  beams  are  sized,  the  actual  depth  is  less  than  the  nominal  depth.  Further, 
if  timber  is  bought  from  a  local  lumber  yard,  joists  may  come  surfaced  one  side.  In  general, 
all-rail  shipments  of  timbers  are  surfaced  one  side  one  edge  (SISIE)  while  all- water  ship- 
ments are  not  surfaced.  The  actual  dimensions  of  the  finished  stick  miLst  be  used  in  all  calcula- 
tions. Tables  1,  2,  3,  6,  7,  8,  and  9  show  the  relation  between  actual  sizes  and  nominal 
sizes. 

13.  Joists. — Joists  usually  carry  only  a  uniform  load  composed  of  the  weight  of  the  joists 
themselves  plus  the  flooring  plus  superimposed  loads  of  people,  furniture,  etc.  The  latter 
loads  are  commonly  termed  "live"  loads  in  contrast  with  the  constant  loads  due  to  the  weight 
of  the  floor  construction  itself,  called  "dead"  loads.  The  joists  carry  the  flooring  directly  on 
their  upper  surfaces,  and  are  in  turn  supported  at  their  ends  by  girders,  bearing  partitions  or 

1  See  Ubie  in  Sect.  7,  Art.  10. 

*  See  Eng.  News,  vol.  62.  pp.  216-217. 

*  Properly  the  factor  Ho  holds  only  for  the  case  of  Bimple  beams  loaded  uniformly  and  at  the  third  points,  and 
for  cantilever  beams  with  uniform  loading.  For  a  simple  beam  with  single  concentrated  load  at  any  point  of  span 
the  factor  is  Msoi  while  for  quarter  point  loading  the  factor  is  >^o- 
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bearing  walls.  Joists  are  always  single  sticks  of  timber.  Joists  may,  and  often  do,  carry  con- 
centrated loads  in  addition  to  the  uniform  loads  mentioned  above.  Such  concentrations  may 
be  caused  by  heavy  pieces  of  furniture,  safes,  etc.,  by  cross  partitions  resting  on  the  floor,  or  by 
special  floor  framing  as  required  by  openings  in  the  floor. 

Many  designs  of  joists  or  girders  are  faulty  in  that  the  designer  has  not  considered  such 
concentrated  floor  loads  in  addition  to  the  uniform  loading.  In  design,  with  the  use  of  tables 
giving  safe  loads  for  timber,  the  beams  selected  thereby  may  not  be  sufficient  for  all  cases  of 
framing  where  loading  has  been  assumed  to  be  uniform.  For  such  cases,  the  concentrations 
are  sometinies  reduced  to  equivalent  uniform  loads  before  entering  the  tables.  A  correct 
and  satisfactory  method,  except  for  the  simpler  cases,  is  to  compute  the  separate  bending 
moments  due  to  each  load  and  combine  these  partial  moments  to  get  the  amount  and  position 
of  the  maximum  moment.  The  combination  of  the  partial  moments  may  be  quickly  accom- 
plished by  graphical  methods,  as  illustrated  in  Art.  46.  Having  this,  the  required  section  is 
easily  found  (see  chapter  on  "Simple  and  Cantilever  Beams,"  Sect.  1). 

Table  6  gives  the  resisting  moments  of  rectangular  beams,  computed  on  the  basis  of  the 
actual  finished  sections,  for  maximum  unit  fiber  stresses  varying  from  1000  to  2000  lb.  per  sq.  in.; 
also  the  factors  by  which  the  moments  in  the  tables  are  to  be  multiplied  to  get  the  resisting 
moments  of  the  rough  sections. 

14.  Girders. — Girders  may  be  single  sticks  or  composite  sections.  Girders  usually  sup- 
port joists,  and  in  turn  are  supported  by  columns  or  bearing  walls.  When  girders  are  carried 
otherwise  than  by  columns,  the  fact  must  always  be  borne  in  mind  that  such  girders  deliver  a 
concentrated  load  of  some  magnitude  to  the  wall,  or  bearing  partition,  and  care  must  be  taken 
to  see  that  such  wall  or  partition  is  strong  enough  in  column  action  to  carry  the  load  imposed 
upon  it  by  the  girders. 

For  ordinary  building  construction,  where  timber  not  better  than  No.  1  Common  is  likely 
to  be  used,  it  is  recommended  that  the  maximum  unit  fiber  stress  in  bending  for  long-leaf  yellow 
pine  or  Douglas  fir  be  limited  to  1500  lb.  per  sq.  in.,  and  the  maximum  unit  longitudinal  shearing 
stress  be  limited  to  150  lb.  per  sq.  in.  For  timber  of  the  grade  of  Select  Structural,  or  Select 
No.  1  Common,  the  unit  flexural  stress,  computed  always  on  the  basis  of  actual  finished  sections, 
may  be  increased  to  1800  lb.  per  sq.  in.,  and  the  unit  longitudinal  shearing  stress  to  175  lb.  per 
sq.  in. 

Tables  1,  2,  and  3  give  the  safe  loads,  deflection,  and  maximum  unit  shearing  stresses  for  2, 
3  and  4-in.  joists,  respectively.  The  maximum  unit  fiber  stress  in  bending  is  1500  lb.  per  sq. 
in.,  computed  on  the  finished  size  of  joist.  The  deflection  is  based  on  a  modulus  of  elasticity 
of  1,643,000.  The  maximum  intensity  of  horizontal  shearing  stress  is  given  for  the  shortest 
span.  To  use  this  table  for  other  unit  flexural  fiber  stresses,  the  values  in  the  tables  must  be 
multiplied  by  the  factors  of  Tables  4  and  5. 

ninstnitiTe  Problem. — Required  to  find  proper  aise  of  joist  to  support  a  load  of  5500  lb.  on  a  14-ft.  span,  with  a 
fiber  atress  of  1200  lb.  per  sq.  in. 

From  Table  5  we  find  factor  of  multiplication  to  be  1.250.  The  new  load  to  use  in  entering  Tables  1,  2,  and  3 
is  therefore  5500  lb.  X  L250  -  6870  lb.  From  Table  1  it  is  seen  that  a  3  X  16-in.  joist  on  a  14-ft.  span  has  a  safe 
eanyins  capacity  of  7150  lb.  (at  1500  lb.  per  sq.  in.). 

niiistnitiTe  Problem. — Given  a  2  X  14-in.  joist  on  a  16-ft.  span.  Required  the  safe  load  as  limited  by  a 
maximum  unit  fiber  stress  of  1200  lb.  per  sq.  in.  in  bending.  From  Table  1,  the  safe  load  for  1500  lb.  pei  sq.  in. 
in  bending  is  seen  to  be  3085  lb.  From  Table  4,  the  factor  of  multiplication  is  seen  to  be  0.80,  giving  the  safe  load 
sa  2468  lb. 

Diagram  on  p.  102  gives  a  simple  method  for  solving  the  strength  of  any  timber  beam 
as  determined  by  maximum  unit  strength  in  bending,  also  for  determining  the  proper  size 
of  any  timber  beam  to  support  a  given  load  in  bending. 

niiistntiTe  Problem. — Given  a  total  floor  load,  dead  and  live,  of  174  lb.  per  sq.  ft.,  span  13  ft.  1  in.  What 
rise  joists,  spaced  10  in.  on  centers,  will  support  this  load  with  a  maximum  unit  fiber  stress  of  1800  lb.  per  sq.  in.  7 

Lay  a  flexible  straight  edge,  such  as  a  card,  on  the  diagram,  p.  102,  joining  Point  A  (174  lb.  per  sq.  ft.)  with 
B  (16-in.  spacing),  and  mark  intersection  C  on  Working  Line.  Pivoting  card  about  C,  connect  C  with  D  (13  ft. 
1  in.)  and  read  6000  ft.-lb.  at  E,  Connect  E  with  F  (1800  lb.  per  sq.  in.),  crossing  Working  Line  at  Q.  Pivoting 
eard  about  <7,  set  card  on  IH  in.  (width  of  beam)  at  H  and  read  llH  in.  (depth  of  beam)  at  K. 
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15.  Bxplasation  of  Tables. — In  Tables  1,  2,  and  3,  the  first  line  of  figures  in  each  group  rep- 
resents the  safe  load  for  the  particular  beam,  including  the  weight  of  the  beam  itself.  The 
second  line  of  figures  gives  the  deflection  in  inches  for  the  beam  at  the  maximum  safe  load,  com- 
puted for  a  modulus  of  elasticity  of  1,643,000  lb.  per  sq.  in.  The  third  figure,  where  such  figure 
occurs,  indicates  the  maximum  unit  horizontal  shearing  stress.  The  shearing  stress  is  given, 
only  in  those  cases  in  which  such  shear  is  in  excess  of  150  lb.  per  sq.  in.  All  quantities  in  these 
tables  are  based  upon  the  surfaced  sizes  of  sticks.  To  obtain  the  safe  loads  for  the  rough  or 
full  nominal  sizes  of  timber,  the  loads  of  Tables  1,  2,  and  3  must  be  multiplied  by  the  '' multiply 
ing  factors  "  of  Table  6.  These  tables  have  been  adapted  from  similar  tables  in  the  "Structural 
Timber  Handbook  on  Pacific  Ck)ast  Woods''  published  by  the  West  Coast  Lumbermen's 
Association. 

Tables  7,  8  and  0  give  for  timber  joists:  (1)  the  safe  loads  corresponding  to  a  maximum 
flexural  stress  of  1800  lb.  per  sq.  in.,  indicated  in  the  tables  by  the  letter  **B**;  (2)  the  safe  load, 
uniformly  distributed,  limited  by  a  maximum  intensity  of  horizontal  shear  of  175  lb.  per  sq.  in., 
indicated  in  the  tables  by  the  letters  **HS**;  (3)  the  uniformly  distributed  load  that  produces  a 
deflection  of  Mo  in*  P^i*  foot  of  span,  indicated  in  the  tables  by  the  letter  "  D '' ;  and  (4)  the  deflec- 
tion in  inches  for  a  load  of  10001b.,  uniformly  distributed,  indicated  in  the  tables  by ''Z>1." 
All  deflections  are  computed  for  a  modulus  of  elasticity  of  1,620,000  lb.  per  sq.  in.  All  loads 
and  deflections  are  computed  on  the  finished  or  surfaced  sizes  of  joists.  For  convenience,  the 
section  moduli  of  the  various  sizes  of  joists  are  given,  based  on  finished  sizes.  These  tables 
are  taken  from  the  ''Southern  Pine  Manual"  published  by  the  Southern  Pine  Association. 

Attention  is  called  to  the  vaiiation  of  sizes  of  finished  joists  in  Tables  1,  2,  3  and  Tables 
7,  8,  and  9,  representing  the  difference  between  the  standards  of  the  West  Coast  Lumbermen's 
Association  and  the  Southern  Pine  Association,  the  finished  sections  of  the  Southern  Pine 
Association  utilizing  a  greater  percentage  of  the  rough  timber  than  the  standards  of  the  West 
Coast  liumbermen's  Association.  All  sizes  of  joists  in  Tables,  1,  2,  and  3  (West  Coast  Lumber- 
men's Association)  are  for  joists  surfaced  one  side  and  one  edge,  or  surfaced  four  sides  (S4S). 
All  sizes  in  Tables  7,  8,  and  9  (Southern  Pine  Association)  are  for  joists  sui  faced  one  side  and 
one  edge  (SlSlE). 
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Tablb  1. — ^Tabt.s  of  Safb  Loads  and  Dbitlbotions 

For  Timber  Joists  with 

Nominal  1 

1 

Width  of  2  Inches,  Uniformly  Loaded, 

Based  on  Maximum  Flexural  Fiber          1 

Stress  of  1500  Lb.  per  Sq.  In. 

Sises 

Rough  aise 

2X4 

2X6 

2X8 

2X10 

2X12 

2X14 

2X16 

X18 

Surfaced  sue 
SISIE  or  S43> 

1HX3H 

1HX5H 

IHX7H 

1HX9H  i«xilHiHxi3H  iHxi5HiHxi7h    | 

Section 
modulus 

3.56 

8.57 

15.23 

24.44 

35.82 

49.36 

65.07 

82.94 

f      1187 

3 

0.0681 
I        151 
r       890 

2142 

4 

0.121 

0.0780 
176 

6 

f        712 
10.189 

1714 

0.122 

f       593 

1428 

2538 

6 

0.272 
r       509 

0.176 
1224 

0.131 

156 

2176 

3491 

7 

0.370 

0.239 
f      1071 

0.179 
1904 

0.141 

170 

3055 

4478 

8 

0.312 

0.234 

0.185 

0.153 
180 

9 

r       953 
10.395 

1692 

2716 

3980 

0.296 

0.243 

0.193 

f       857 

1523 

2444 

3582 

4936 

10 

0.487 

0.365 

0.289 

0.238 

0.203 

• 

V 

169 

f       779 

1385 

2222 

3256 

4487 

5915 

11 

0.589 

0.442 

0.349 

0.288 

0.246 

0.214 

V 

167 

r    1269 

2037 

2985 

4113 

5423 

0912 

0 

12 

0.526 

0.415 

0.343 

0.292 

0.254 

0.225 

IB 

a 

182 

0, 

13 

f    1172 
\  0.617 

1880 

2755 

3797 

5005 

6380 

OQ 

0.487 

0.403 

0.343 

0.299 

0  265 

14 

r    1088 
\o.716 

1746 

2559 

3526 

4648 

5924 

0.565 

0.467 

0.397 

0.347 

0.307 

15 

f    1015 
\  0.822 

1629 

2388 

3291 

4338 

5529 

0.649 

0.536 

0.456 

0.398 

0.352 

10 

r    1528 
10.738 

2239 

.      3085 

4067 

5184 

0.610 

0.519 

0.453 

0.401 

17 

r    1438 
10.834 

2107 

2904 

3828 

4879 

0.688 

0.586 

0.511 

0.452 

18 

f    1358 
\  0.935 

1990 

2742 

3615 

4608 

0.773 

0.657 

0.572 

0.504 

19 

r    1885 
\  0.860 

2598 

3426 

4365 

0.732 

0.637 

0.565 

20 

f    1791 
\  0.953 

2468 

3254 

4147 

0.811 

0.706 

0.626 

21 

r    2350 
10.895 

3099 

3949 

0.779 

0.600 

22 

r    2244 
10.981 

2958 

3770 

0.855 

0.758 

23 

2820 
1 0.935 

8606 

0.829 

24 

r    3456 
1 0.001 

25 

r    3318 
10.979 

>S181E  ■■  surfaced  one  side  and  one  edge. 
848  •-  surfaced  four  sides. 
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Tablb  2-— Tablb   op  Saps  Loads  and  DBrLBcnoNs  foa  Tiiibbr  Joiars  with  Nominal 

WiDTB  OF  3  Inchhs,  UNiFosMLr  LoADBD,  Basbd  ON  Maxudu  Flexcrai. 

FiBBK  Stkbss  or  1500  Lb.  pbr  So.  In. 


»_ 

RoBiktiM          1       SXS       1       SX8       1      3X10            SK13 

axw 

3X10      1      3X1S 

aiaiE^^i    J2MX6w|aHx7M    a«x9K   2Hxim 

2MXI3« 

2MX16H    2HX17H 



^X,        1    "**    1    ^"        "•"        " '" 

"<» 

100.10          127.60 
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Tablb  3. — Table  of  Safb  Loads  and  Deflections  for  Timber  Joists  with  Nominal 
Width  of  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Fiber  Stress  of  1500  Lb.  per  Sq.  In. 


Siies 

Rouch  sise 

4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surfaced  sise 
31S1E  or  S4S> 

3HX3H 

3HX5H 

3HX7H 

3HX9H  3HX11H3HX13H3KX15H3HX17H 

Section 
modulus 

7.15 

17.64 

82.81 

52.65 

77.15 

106.31 

140.15 

178.65 

r     2383 

3 

0.0705 
I        146 
r      1788 

4410 

4 

0.125 

0.0797 
172 

5 

r      1430 
I   0.196 

3528 

0.125 

f      1192 

2940 

5468 

6 

0.282 

*        •  •  ■   ■   ■ 

f      1021 

0.179 
2520 

0.131 

156 

4687 

7521 

7 

0.384 

V       •   ■   ■  •   • 

0.244 
f      2205 

0.179 
4101 

0.141 

170 

6581 

9644 

8 

0.319 

0.234 

0.185 

0.153 
180 

9 

1      1960 
1    0.404 

3646 

5850 

8572 

0.296 

0.234 

0.193 

(      1764 

3281 

5265 

7715 

10.631 

10 

0.498 

0.365 

0.289 

0.238 

0.208 
169 

r      1604 

2983 

4786 

7015 

9.665 

12,741 

11 

0.603 

0.442 

0.349 

0.288 

0.245 

0.214 

1 

I    , . , , , 

176 

f   2734 

4388 

6429 

8.861 

11,679 

14,888 

.2 

12 

0.526 

0.415 

0.343 

0.292 

0.254 

0.225 

a 

I 

182 

0, 

13 

I    2524 
lo.617 

4050 

5935 

8,178 

10.781 

13.742 

QQ 

0.487 

0.403 

0.343 

0.299 

0.265 

14 

r   2344 
10.715 

3761 

5511 

7,594 

10.011 

12,761 

0.565 

0.467 

0.397 

0.347 

0.307 

15 

f   2187 
1 0 .822 

3510 

5143 

7.087 

9.343 

11.910 

0.649 

0.536 

0.456 

0.398 

0.352 

16 

/    3291 

4822 

6.644 

8,759 

11.166 

10.738 

0.610 

0.519 

0.453 

0.401 

17 

f   3097 
1 0.834 

4538 

6,254 

8,244 

10,508 

0.688 

0.586 

0.511 

0.452 

18 

r    2924 
1 0.935 

4286 

5.900 

7.786 

9,925 

0.773 

0.657 

0  572 

0.507 

19 

f    4061 
10.860 

5,595 

7,376 

9.403 

0.732 

0.637 

0.565 

20 

3858 
I  0  .953 

5.316 

7.008 

8,933 

0.811 

0.706 

0.626 

21 

■ 

r  5.Q63 
10.895 

6,674 

8.507 

0.779 

0.600 

22 

r  4.832 
10.981 

6,370 

8,120 

0.865 

0.758 

23 

r  6.093 
\  0.935 

7.767 

0.829 

24 

/  7.444 
1 0.901 

25 

/  7.146 
\  0.679 

;          )          ' 

1     1     [     f 

.         1                    I 

( 

^  SlSlE  «  surfaced  one  side  and  one  edse* 
848  »  surfaced  four  BUHm. 
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Table  4. — Factors  by  which  Safe  Loads  in  Tables  1,  2  and  3  Must  be  Mdltipljbd  to 
Find  Safe  Loads  that  Given  Size  of  Joist  will  Support  at  a  Unit  Flexueal 

Stress  Other  than  1500  Lb.  per  Sq.  In. 

Table  6. — Factors  by  which  Given  Load  Must  be  Multiplied  to  Find  Equivalent 
Load  to  be  Used  in  Entering  Tables  1,  2,  and  3  to  Find  Proper  Size  of  Joist 

Table  4  Table  5 


Desired  unit 

Factor  of 

fiber  ttreBs 

multiplication 

1000 

0.667 

1100 

0.734 

1200 

0  800 

1300 

0.867 

1400 

0.933 

1600 

1.000 

1600 

1.067 

1700 

1.133 

1800 

1.200 

2000 

1.333 

Desired  unit 

Factor  of 

fiber  stresB 

multiplication 

1000 

1.600 

1100 

1.363 

1200 

1.250 

1300 

1.163 

1400 

1.071 

1500 

1.000 

1600 

0.939 

1700 

0.883 

1800 

0.833 

2000 

0.750 

Table  6. — Maximum  Bending  or  Resisting  Moments  in  Foot-pounds  for  Rectangular 

Beams 


Values  in  this  table 

are  based  on  surfaced  sises.*    To  get  values  for  i 

-ough  aises,  multiply  Resistimc  Moment  for 

any  given 

sise  by 

"multiplsang  factor"  in  dark  tjrpe  in  same  horisontal  line 

Sise 

"Mul- 

Sec- 

Mo- 

Resisting moments 

in  foot-pounds  for  ssfe  fiber  stresses  in 

tiply- 
ing 
factor" 

tion 
modu- 
lus 

ment 
of  in- 
ertia 

1 

[>ounds  per  square  inch,  i 

IS  indicated 

Nominal 

Actuali 

Gncbce) 

(inches) 

(in.») 

(in.«) 

1000 

1100 

1200 

1300 

1400 

1500 

leoo 

1800 

2000 

2X4 

IHX  3H 

1.50 

3.66 

6.46 

207 

827 

366 

386 

416 

446 

476 

635 

694 

2X6 

IHX  5H 

1.40 

8.67 

34.10 

714 

786 

867 

928 

1000 

1071 

1142 

1285 

1428 

2HX  6 

2HX  5Vi 

t.32 

11.34 

31.18 

046 

1040 

1134 

1228 

1323 

1417 

1612 

1701 

1890 

2X8 

IHX  7H 

1.40 

16.23 

67.13 

1260 

1306 

1523 

1660 

1777 

1004 

2030 

2284 

2638 

2HX  8 

2HX  7H 

1.26 

21.10 

70.10 

1768 

1034 

2110 

2286 

2462 

2637 

2813 

3165 

3618 

2    XIO 

IHX  OH 

1.36 

34.44 

116.10 

2037 

2241 

2444 

2648 

2852 

3066 

3269 

3667 

4074 

2HX10 

2MX  m 

1.23 

83.84 

160.76 

2820 

3102 

3384 

3666 

3948 

4230 

4512 

5076 

6640 

2    X12 

1HX11J4 

1.34 

36.82 

206.05 

2085 

3284 

3682 

3881 

4179 

4478 

4776 

5373 

6070 

24X12 

2HXilH 

l.2f 

40.60 

286.16 

4133 

4646 

4068 

6371 

6786 

6197 

6612 

7436 

8266 

2    X14 

1HX13H 

1.32 

49.36 

333.18 

4113 

4624 

4036 

6347 

6768 

6170 

6681 

7403 

8226 

2    X14 

1HX18H 

1.23 

63.16 

368.80 

4430 

4873 

6316 

6769 

6202 

6646 

7088 

7974 

8860 

2HX14 

2HXIZH 

1.20 

68.34 

461.32 

6695 

6264 

6834 

7403 

7973 

8642 

9112 

10251 

11300 

2    X16 

1HX15H 

1.31 

65.07 

604.28 

6123 

6065 

6507 

7050 

7592 

8136 

8677 

9761 

10846 

2    X16 

IHX  WW 

1.22 

70.10 

643.06 

6842 

6426 

7010 

7504 

8178 

8762 

9347 

10615 

11683 

2HX16 

2V4X16W 

1.18 

00.10 

608.23 

7508 

8260 

0010 

0760 

10612 

11262 

12013 

13616 

15018 

2    X18 

1HX17V4 

1.30 

82.94 

726.76 

6012 

7603 

8204 

8086 

0677 

10368 

11060 

12442 

13824 

2    X18 

1HX17H 

1.21 

80.32 

781.67 

7446 

8188 

8032 

0676 

10421 

11165 

11001 

13308 

14887 

2HX18 

2MX17W 

1.17 

114.84 

1004.88 

0670 

10527 

11484 

12441 

13308 

14356 

16312 

17226 

10140 

3X6 

2V4X  6H 

1.43 

12.60 

34.66 

1050 

1166 

1260 

1366 

1470 

1676 

1680 

1800 

2100 

3X6 

2HX6H 

1.30 

13.86 

38.13 

1165 

1271 

1386 

1501 

1617 

1732 

1848 

2079 

2310 

3X8 

24X  7H 

1.37 

23.42 

87.80 

1052 

2147 

2342 

2538 

2733 

2928 

3123 

3614 

3004 

3X8 

2HX7H 

1.24 

26.78 

06.68 

2148 

2363 

2678 

2703 

3008 

3222 

3437 

3867 

4207 

3  xin 

2HX  OH 

1.33 

87.61 

178.62 

3134 

3447 

3761 

4074 

4388 

4701 

5014 

6641 

6268 

3    XIO 

2HX0H 

1.21 

41.36 

106.48 

3447 

3701 

4136 

4480 

4825 

6170 

6616 

6204 

6803 

3    X12 

2Hxim 

1.31 

66.10 

316.86 

4602 

6051 

6610 

6970 

6420 

6888 

7347 

8266 

0184 

3    X12 

2Hxim 

1.19 

60.61 

348.63 

5051 

6666 

6060 

6666 

7071 

7576 

8081 

0000 

10102 

3    X14 

?HX13H 

1.29 

76.04 

612.68 

6328 

6061 

7604 

8226 

8869 

9492 

10126 

11300 

12656 

3    X14 

2HX13H 

1.17 

88.63 

663.84 

6061 

7667 

8363 

0049 

9746 

10441 

11137 

12620 

13022 

3    X16 

2HX15H 

1.28 

100.10 

776.81 

8342 

9176 

10010 

10846 

11679 

12613 

13347 

16016 

16684 

3    X16 

2HX15H 

1.16 

110.11 

863.30 

0176 

10003 

11011 

11028 

12846 

13763 

14681 

16516 

18362 

3    X18 

2HX17H 

1.27 

127.60 

1116.64 

10633 

11606 

12760 

13823 

14886 

15950 

17013 

19139 

21266 

3    X18 

2HX17H 

1.15 

140.36 

1228.10 

11606 

12866 

14036 

15205 

16375 

17646 

18716 

21054 

23303 

4X4 

3HX  3H 

1.49 

7.16 

12.61 

606 

656 

716 

776 

834 

804 

064 

1073 

1102 

4X4 

3HX  3H 

1.34 

7.04 

14.30 

662 

728 

704 

860 

9?6 

992 

1059 

1100 

1323 

4X6 

3MX5H 

1.36 

17.64 

48.53 

1470 

1617 

1764 

1911 

2058 

2205 

2352 

2646 

2040 

4X6 

3HX  5H 

1.26 

10.12 

63.76 

1503 

1763 

1012 

2071 

2231 

2390 

2649 

2868 

3187 

4X8 

3HX  7H 

1.30 

32.81 

123.06 

2734 

3007 

3281 

3554 

3828 

4101 

4374 

4021 

6468 

4X8 

iHX  7H 

1.21 

36.16 

131.83 

2030 

3223 

3616 

3800 

4102 

4395 

4688 

5274 

6860 

4    XIO 

8WX  OH 

1.27 

62.65 

250.07 

4388 

4827 

6265 

6704 

6143 

6682 

7021 

7808 

8776 

4    XIO 

3?4X  OH 

1.18 

66.41 

267.03 

4701 

5171 

6641 

1 

ftllO 

6681 

7050 

7621 

8461 

0402 
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Table  6. — Maximum  Besnding  ob  Rbsistinq  Moments  in  Foot-pounds  for  Rectangular 

B  £  AMS — (Continued) 


Sise 


Nominal 
(inches) 


X12 

X12 

X14 

xu 

X16 

X16 

X18 

X18 

X  6 

X  8 

xio 

X12 

X14 

X16 

X18 

X20 

8 

X8 

8 

XIO 

8 

X12 

8 

X14 

8 

X16 

8 

X18 

8 

X20 

10 

XIO 

10 

X12 

10 

XM 

10 

X16 

10 

X18 

10 

X20 

12 

X12 

12 

X14 

12 

X16 

12 

X18 

12 

X20 

14  X14 

14  X16 

14  X18 

14  X20 

Id  X16 

16  X18 

16  X20 

16  X22 

16  X24 

18  X18 

18  X20 

18  X22 

18  X24 

18  X26 

20  X20 

20  X22 

?0  X24 

20  X26 

20  X28 

20  X30 


Actual^ 
(inchefl) 


••Mul- 
tiply- 
ing 
factor" 


Sec- 
tion 

modu- 
lus 

(in.«) 


2HXim 
3WXim 
3^X13^ 

3HXl3h 
3WX15^ 
3?iXl5^ 
3HX17!i 
ZHX17H 

5HX  6^4 
5HX  7W 
6HX  »H 
SViXHW 
5HX13H 

5ViXl5^ 
6^Xl7Vi 
SViXl9H 

7\iX  7M 
7HX  9^ 
7HX11H« 
74X13^ 
7WX16H 
7HX17H 
7V4X19^ 

9WX  9H 

9^xim 

9WX13^ 
9^Xl6Vi 
9WX17W 
9WX19H 

IlHXim 

imxi3Vi 

UViXlb^ 

imxi7w 
iiHxim 

I3WX13W 
134X16^ 

is^xmi 

13ViX19H 

16HX15W 
16^X17H 
15^X19W 
16WX2m 
16^^X231^ 

17V4X17W 
17^Xl9Vi 
17HX2m 
17HX23H 
17^X25^ 

19WX19H 
19WX2m 
19WX23H 
19V^X25W 
19WX27W 
19^X29H 


.25 
.16 
.23 
.15 
.22 
.14 
.21 
13 

.30 
.24 
.21 
.19 
.17 
.16 
.16 
.15 

.21 
.18 
.16 
.15 
.14 
.13 
.12 

.17 
.15 
.13 
.12 
.11 
.11 

.14 
.12 
.11 
.10 
.10 

.12 
.11 
.10 
.09 

.10 
.09 
.09 
.06 
.06 

.09 
.06 
.06 
.07 
.07 

.06 
.07 
.07 
.07 
.06 
.06 


Mo- 
ment 
of  in- 
ertia 
(in.«) 


Resisting  moments  in  foot-pounds  for  safe  fiber  stresses  in 
pounds  per  square  inch,  as  indicated 


lOCO 


1100 


1200 


1300 


1400 


1600 


1600 


1800 


2000 


77.16 
82.66 
106.31 
113.91 
140.15 
160.16 
178.65 
191.41 

27.73 
51.56 
82.73 
121.23 
167.06 
220.23 
280.73 
348.56 

70.31 
112.81 
166.31 
227.81 
300.31 
382.81 
475.31 

142.89 
209.40 
288.56 
380.40 
484.90 
602.06 

253.48 
349.31 
460.48 
586.98 
728.81 

410.06 
540.56 
689.06 
855.56 

620.64 

791.15 

982.31 

1194.15 

1426.65 

893.23 
1109.06 
1348.23 
1610.73 
1896.56 

1235.81 
1502.31 
1794.81 
2113.31 
2457.81 
2828.31 


443.59 

475.27 

717.61 

768.87 

1086.13 

1163.71 

1563.15 

1674.80 

76.26 

103.36 

392.96 

697.07 

1127.67 

1706.78 

2456.38 

3398.49 

263.67 
535.86 
950.55 
1537.74 
2327.43 
3349.61 
4634.30 

678.76 
1204.03 
1947.80 
2948.07 
4242.84 
5870.11 

1457.51 
2357.86 
3568.72 
5136.07 
7105.93 

2767.93 
4189.37 
6029.30 
8341.74 

4810.01 

0022.53 

9677.55 

12837.07 

16763.10 

7815.76 
10613.37 
14493.47 
18926.06 
24181.18 

12049.18 
16149.87 
21089.06 
26944.74 
33794.90 
41717.62 


6429 

6888 

8859 

9493 

11679 

12513 

14888 

15951 

2311 
4297 
6894 
10103 
13922 
18353 
23394 
29047 

6869 
9401 
13776 
18084 
25026 
31901 
39609 

11908 
17450 
24047 
31700 
40406 
50172 

21123 
29109 
38373 
48915 
60734 

34172 
45047 
57422 
71297 

51720 
65929 
81859 
99513 
118888 

74436 

92422 

112353 

134228 

158047 

102984 
125193 
149568 
176109 
204818 
235693 


7072 
7677 
9745 
10442 
12847 
13765 
16377 
17546 

2642 
4727 
7583 
11113 
15314 
20188 
25733 
31952 

6445 
10341 
15154 
20882 
27529 
35091 
43570 

13099 
19195 
26462 
34870 
44449 
55189 

23235 
32020 
42210 
53807 
66807 

37589 
49552 
63164 
78427 

56892 

72522 

90045 

109464 

130777 

81880 
101664 
123588 
147651 
173852 

113282 
137712 
164525 
193720 
225300 
259262 


7715 
8266 
10631 
11391 
14015 
15016 
17865 
19141 

2773 
5156 
8273 
12123 
16706 
22023 
28073 
34856 

7031 
11281 
16531 
22781 
30031 
38281 
47531 

14289 
20940 
28856 
38040 
48490 
60206 

25348 
34931 
46048 
58698 
72881 

41006 
54056 
68906 
85556 

62064 

79115 

98231 

119416 

142666 


110906 
134823 
161073 
189656 

123581 
150231 
179481 
211331 
245781 
282831 


8358 
8955 
11517 
12340 
15183 
16267 
19354 
20736 

3004 
6586 


13134 
18099 
23859 
30412 
37761 

7617 
12221 
17909 
24679 
32634 
41471 
61492 

15480 
22685 
31261 
41210 
52530 
66224 

27460 
37842 
49885 
63590 
78954 

44424 

58561 
74649 
92686 

67236 

857D8 

106417 

129367 

154554 

96767 
120149 
146059 
174496 
205461 

133879 
162751 
194438 
228942 
266263 
306401 


9001 
9644 
12403 
13289 
16351 
17519 
20843 
22331 

3235 
6016 
9652 
14144 
19491 
25694 
32752 
40666 

8203 
13161 
19286 
26678 
35036 
44661 
55453 

16671 
24430 

44380 
56571 
70241 

29672 
40753 
53722 
68481 
85028 

47841 
63066 
80391 
99816 

72408 

92301 

114603 

139318 

166443 

104210 
129391 
157294 
187919 
221266 

144178 
175270 
209395 
246553 
286745 
329970 


9644 
10332 
13289 
14238 
17519 
18770 
22832 
23926 

3467 
6446 
10341 
15155 
20683 
27530 
35091 
43571 

8789 
14102 
20664 
28476 
37539 
74852 
59414 

17862 
26175 
36071 
47550 
60612 
75258 

31685 
43664 
57560 
73373 
91101 

51258 

67571 

86133 

106946 

77580 

98894 

122789 

149270 

178332 

111654 
138633 
168530 
201342 
237071 

154476 
187790 
224352 
264164 
307227 
353540 


10286 
11021 
14174 
15188 
18686 
20021 
23821 
25521 

3698 
6875 
11030 
16165 
22275 
20365 
37430 
46475 

9374 
15042 
22042 
30374 
40042 
51042 
63374 

19063 
27920 
38475 
50720 
64653 
80275 

33707 
46574 
61307 
78264 
97174 

54675 

72075 

91875 

114075 

82752 
105486 
130974 
159221 
190221 

119098 
147875 
179765 
214765 
252875 

164774 
200309 
239309 
281774 
327709 
377109 


11572 
12399 
15946 
17066 
21022 
22524 
26798 
28711 

4160 
7735 
12409 
18185 
25060 
33035 
42109 
52285 

10546 
16922 
24797 
34171 
45047 
57422 
71296 

21434 
31410 
43285 
57060 
72734 
90310 


itBSi 
13771 

inu 

18961 
233H 
25021 
2977t 
319QS 

4623 


46: 


37961 
500S 

6380 
7931S 

2381fi 
3490( 
4809^ 
6340( 
80816 
100M4 


38021  42244 


52396 


88047 


582U 


59071  76746 


9783( 


109321  12146f 


61510 

81085 

103360 

128335 

99096 
118672 
147346 
170123 
213006 

133085 
166360 
202235 
241610 
284485 

185371 
225347 
369222 
316096 
368672 


68344 
90094 

114844 
142594 

103446 
1318S( 
1637U 
10900 
2377711 

148873 

IHiJUi 

2347M 
26845< 
316094 

205968 
25038< 
29913( 
352211 
409634 


424247  4713« 


1  This  table  is  based  on  tables  from  the  "Southern  Pine  Manual"  of  the  Southern  Pine  Association,  and  the 
Structural  Timber  Handbook  on  Pacific  Coast  Woods"  of  the  West  Coast  Lumbermen's  Association. 
The  standards  of  the  latter  association  are  as  follows: 

"Dimension,  Plank  and  SmaU  Timbert.—Sizea^SlSlE  or  S4S:  2  X  3  to  1^  X  2^;  2  X  4  to  IH  X  3M: 
2  X  6  to  IH  X  6H;  2  X  8  to  1^  X  7H:  2  X  10  to  IH  X  OH:  2  X  12  to  IH  X  IIH:  2  X  14  to  IW  X  13H; 
^         ^-        ic.;3  X  4  to2)f  X  3H;  3  X  6  to  2H  X  6H;  3  X  8  to  2H  X  7H;  3  X  10to2H  X  9 
X  14to2H  X  13H;3  X  16to2H  X  16H:etc.:4  X  4to3H  X  3M:4  X  "        " 


2  X 

3  X 


letolW  X  15K;etc. 
12to2H  X  11H;3  X 


etc.:4  X  4to3H  X  3M;4  X  6to3fiXbH, 

in.  off  each  way.     Standard  lengths  are 

The  standards  of  the  Southern  Pine  Association  for  timber  surfaced  four  sides  are  the  same  as  those  of  the 
West  Coast  Lumbermen's  Association,  i.e  ,  )^  in.  off  the  nominal  width  and  depth.     For  material  surfaced  ons 


^ ,.  „  _._._ _  5i;3  X  16to2H  X  16H 

etc.:  6  X  5  to  4H  X  4H:  etc.;  6  X  6  and  8.  H  in.  off  each  way."^ 

"  TifiSer..— lises-^lS,  SlE,  SISIE,  or  *8:  8  X  8  and  larger  H 


side  one  edge  (SlSlE)  their  standards  are 


off  the  nominal  width  and  H  ^^-  off  the  nominal  depth. 
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Tablb  7. — Tablb  of  Safb  Loads  and  Dbflbctions  fob  Timbbr  Joists  With  Nominal 
Width  of  2  inches,  Uniformlt  Loadbd,  Based  on  Maximum  Flbxural 

Stress  of  1800  La.  per  Sq.  In. 


Size* 

Rough  fliie 

2X4 

2X6 

2X8 

2X10 

2X12 

2X14 

2X16 

2X18 

Surfai 
81 

Section 

oed  siie 
SIE> 

IHXZH 

IHX5H 

IHX7H 

1WX9H 

lHXll>i  mXlSyi  1J4X15H  IHX17H 

modulus 

3.56 

8.57 

15.23 

24.44 

35.82 

53.16 

70.10 

89.32 

MS? 

f      1372 
I  0 .0581 

B 

[      1068 

-S. 

967 

0.1370 

0.0369 

HS 

2135 

b 

854 
619 

2056 

5 

D 

Dl 

0.2693 

0.0720 

(B 

[        712 

1714 

A     < 

D 

430 

1607 

*      Dl 

0.4651 

0.1244 

0.0525 

HS 

2843 

B 

610 

1469 

2611 

7     i 

D 

Dl 

B 

316 

0  7384 

534 

1180 

0.1977 

1285 

0.0834 
2284 

8 

D 

242 

904 

2142 

Dl 

1.1020 

0.2950 

0.1245 

0.0612 

^ 

[hs 

8601 

[B 

1143 

2031 

3258 

9 

D 
Dl 

714 
0.4202 

1693 
0.1772 

0.0872 

0.0492 

a 

HS 

4361 

S 

B 

1028 

1828 

2933 

4298 

g 

10 

D 

578 

1371 

2786 

OQ 

Dl 

B 

0.5767 
935 

0.2431 
1661 

0.1196 
2666 

0.0674 
3906 

11 

D 

Dl 

HS 

478 
0.7671 

1133 
0.3236 

2303 
0.1592 

0.0897 

0.0515 
5512 

B 

857 

1526 

2444 

3582 

5316 

12 

D 

402 

952 

1935 

3432 

Dl 

0.0950 

0.4202 

0.2067 

0.1165 

0.0669 

B 

[      1406 

2256 

3306 

4907 

13 

D 

Dl 

HS 

811 
0.5343 

1648 
0.2630 

2924 
0.1482 

0.0850 

0.0562 
6328 

B 

1306 

2095 

3070 

4556 

6008 

14 

D 

700 

1422 

2521 

4393 

Dl 

0  6667 

0.3282 

0.1851 

0.1062 

0.0702 

B 

[       1218 

1955 

2865 

4253 

5608 

15 

D 

Dl 

HS 

609 
0.8210 

1238 
0.4040 

2196 
0.2277 

3827 
0.1306 

0.0863 

0.0599 
7147 

f  B 

1142 

1833 

2686 

3987 

5257 

6699 

16 

D 

536 

1089 

1931 

3364 

5091 

Dl 

1 

0.9950 

0 .4808 

0.2762 

0.1585 

0.1047 

0.0728 

^  8181 E  *  surfaced  one  side  and  one  edse. 
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Table  7. — Table  of  Safe  Loads^  and  Deflectionb  for  Timber  Joibtb  with  Nominal 

Widths  of  2  Inches,  Uniformlt  Loaded,  Based  on  Maximum 

Flexural  Stress  of  1800  Lb.  per  Sq.  In. — (Continued) 


BueB 

Rouch  bIm 

2X4 

2X6 

3X8 

2X10 

2X12 

2X14 

2X16 

2X18 

Surfaced  sise 
S1S1E> 

IHX3H 

1HX5H 

1WX7H 

1HX9H  iHxiiH  IHXISH  iHxisH  UixiT^ 

Section  modtilus 

3.56 

8.57 

15.23 

24.44 

35.82 

53.10 

70.10 

89.32 

B 

[       1725 

2528 

3753 

4948 

6305 

17 

D 

964 

1710 

2980 

4510 

Dl 

0.5878 

0.3314 

0.1902 

0.1256 

0.0873 

B 

I       1629 

2388 

3544 

4673 

6954 

18 

D 

860 

1525 

2658 

4023 

6790 

Dl 

0.6977 

0.3934 

0.2254 

0.1492 

0.1036 

b 

1544 

2262 

3358 

4427 

5641 

19 

D 

772 

1369 

2385 

3610 

6196 

Dl 

0.8204 

0.4626 

0.2655 

0.1764 

0.1219 

B 

1466 

2149 

3190 

4206 

6359 

20 

D 

697 

1236 

2153 

3258 

4690 

Dl 

0 .9565 

0.5395 

0.3097 

0.2046 

0.1422 

b 

2047 

3038 

4006 

6104 

21 

D 
Dl 

b 

1121 

0.6244 

1954 

1953 

0.3585 

2900 

2956 

0.2368 

3824 

4264 

0.1646 

4872 

22  1  D 

[di 

1021 

1779 

2693 

3876 

0.7183 

0.4122 

0.2723 

0.1802 

B 

1809 

2774 

3657 

4660 

23 

D 

934 

1628 

2464 

3646 

Dl 

0.8208 

0 .4710 

0.3112 

0.2162 

B 

1791 

2658 

3505 

4466 

d 

..4 

24 

D 

858 

1495 

2263 

3267 

s 

Dl 

1 

0  9324 

0 .5351 

0.3535 

0.2466 

c8 

a 

B 

2552 
1378 

3365 

4287 

CA 

25 

D 

2085 

3001 

Dl 

1 

0.6048 

1 

0.3996 

0.2777 

B 

2454 

3235 

4122 

26 

D 

Dl 

B 

1274 

0.6804 

2363 

1928 

0 .4495 

3116 

2775 

0.3123 

3970 

27 

D 
Dl 

• 

B 

1181 

0  7619 

2278 

1788 

0.5034 

3004 

2573 

0.3498 

3828 

28 

D 

1098 
0.8498 

1663 

2392 

Dl 

0.5614 

0.3902 

B 

2901 

3696 

29 

D 

Dl 

B 

1550 

0.6238 

2804 

2230 

0.4334 

3573 

30 

D 

Dl 

B 

1448 
0.6905 

2085 

0.4798 

3457 

31 

D 

Dl 

B 

1962 

0.5294 

3349 

32 

D 
Dl 

1832 
0.6823 

>  8  IS  IE  »  surfaced  one  side  and  one  edse. 
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Fablb  S. — Tablb  of  Safb  Loads  and  Dbflbctions  for  Timber  Joists  with  Nominal 
Width  of  3  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.  In. 


Rough  fliae 

3X6 

3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

Siies 

Surfaced  sise 
8181E> 

2HX5M 

2HX7H 

2HX9H 

2UxnH 

2HX13H 

2H  X  15>i 

2HX17H 

Section  modulus 

13.86 

25.78 

41.36 

60.61 

83.53 

110.11 

140.36 

*{Sf 

r      3528 
10.0233 

<. 

3326 
I  0  0455 

[B 

2773 

-Ir 

2542 

1 

0.0787 

0.0310 

■ 

[H8 

4812 

fi 

2376 

4419 

7 

D 

Dl 

B 

1867 

0.1250 

2079 

0.0403 
3867 

• 

B 

D 

1429 

3625 

^     Dl 

0.1866 

0  0735 

0.0362 

Ihs 

6097 

B 

1848 

3437 

5515 

9 

D 

1129 

2865 

Di 

0.2657 

0.1047 

0.0515 

0.0291 

HS 

7378 

B 

1663 

3093 

4963 

7273 

** 

10 

D 

915 

2320 

4715 

1 

Dl 

1 

0.3643 

0.1437 

0.0707 

0.0398 

0 

B 

1512 

22812 

4512 

6612 

1 

11 

D 

756 

1918 

3897 

Dl 

0.4850 

0.1912 

0.0941 

0.0530 

0.0328 

oo 

HS 

8662 

B 

1386 

2578 

4136 

6061 

8353 

12 

D 

635 

1612 

3275 

5808 

Dl 

[  0.6299 

0.2481 

0.1221 

0.0689 

0.0426 

B 

2380 

8818 

5595 

7710 

13 

D 

1373 

2790 

4949 

Dl 

0.3156 

0.1553 

0.0875 

0.0541 

0.0357 

HS 



9947 

B 

2210 

3545 

5195 

7159 

9438 

14 

D 

1184 

2406 

4267 

6904 

Dl 

0.3941 

0.1939 

0.1094 

0.0676 

0.0446 

B 

2065 

3309 

4849 

6682 

8809 

15 

D 

1031 

2096 

3717 

6014 

Dl 

0.4850 

0.2386 

0.1345 

0.0631 

0.0549 

0.0382 

HS 



11.228 

B 

'    1934 

3102 

4546 

6264 

8268 

10,527 

16 

D 

906 
0.5887 

1 

1842 

3267 

5286 

8001 

Dl 

1 

0.2895 

0.1632 

0.1009 

0.0666 

0.0463 

B 

2920 

4278 

5896 

7772 

9.908 

17 

D 

1632 

2894 

4682 

7087 

Dl 

0.3472 

0.1958 

0.1210 

0.0799 

0.0555 

>  8181 E  ~  mirfaoed  one  aide  and  one  edge. 
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Table  8. — ^Table  of  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominal 
Width  of  3  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flbxural 

Stress  of  1800  Lb.  per  Sq  In. — (Continued) 


Sises 

Rouch  sise 

3X6 

3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

Surfaced  aise 
S1S1E> 

2HX5H 

2HX7H 

2HX9H 

2HXIIH 

2HX13H 

2HX16H 

2HxnH 

Section  modulua 

13.86 

26.78 

41.36 

60.61 

83.53 

110.11 

140.36 

■ 

B 

[      2758 
1455 

4041 

5568 

7341 

9356 

18  < 

D 

2582 

4177 

6322 

9098 

DI 

1 

0.4124 

0.2324 

0.1437 

0.0949 

0.0659 

B 

2612 

3828 

5275 

6954 

8865 

19^ 

D 

I       1306 

2317 

3748 

5673 

8165 

DI 

1 

0.4849 

0.2733 

0.1689 

0.1116 

0.0776 

B 

2481 

3636 

5012 

6606 

8421 

20 

D 

1179 

2091 

3383 

5120 

7369 

DI 

1 

0.5655 

0.3188 

0.1971 

0.1302 

0.0904 

B 

3463 
1897 

4773 

6293 

8020 

21 

D 

3069 

4644 

6684 

k 

DI 

1 

0.3690 

0.2281 

0.1507 

0.1047 

B 

3306 

4556 

6006 

7656 

22 

D 

1728 

2796 

4232 

6090 

DI 

1 

0.4244 

0.2623 

0.1733 

0.1204 

B 

3162 

4358 

5745 

7323 

23 

D 

1581 

2558 

3872 

6572 

DI 

0.4849 

0.2997 

0.1980 

0.1376 

1 

«*4 

|B 
24     D 

3031 

4176 

5505 

7018 

1452 

2350 

3556 

5118 

a 

DI 

1 

0.5510 

0.3405 

0.2250 

0.1563 

m 
a 

B 

4009 

5285 

6737 

s. 

25 

D 

2165 

3277 

4716 

00 

DI 
B 

0.3849 
3855 

0.2543 
5082 

0.1767 
6478 

26 

D 
DI 

> 

B 

2002 

0  4329 

3712 

3030 

0.2860 

4894 

4361 

0.1987 

6238 

27 

D 

DI 

B 

1856 

0.4848 

3579 

2810 

0.3203 

4719 

4043 

0.2226 

6015 

28 

D 

DI 

B 

1726 
0.5407 

2612 

0.3573 

4556 

3760 

0.2482 

5808 

29 

D 

DI 

B 

2436 

0.3960 

4404 

3505 

0.2758 

5614 

30 

D 

DI 

B 

2276 
0.4394 

3275 

0.3053 

[      5433 

31 

D 

DI 

B 

3067 

0.3369 

5263 

32 

D 

2879 
[  0.3706 

DI 

1 SISIE  »  surfaced  one  side  and  one  edse. 
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Table  9. — Tablb  op  Safe  Loads  and  Dbflbctions  for  Timber  Joists  with  Nominal  Width 
*   of  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.   In. 


Rough  siie 


4X4 


4X6 


4X8 


4X10 


4X12 


4X14 


4X16 


4X18 


Si 


SuHaoed  um 
SISIE^ 


3HXZH 


3^X5% 


SHX7H 


3«X9H 


3>4X11« 


3HX13H 


3HX15H 


3HX17H 


Section  modulus 


7.94 


19.12 


35.16 


66.41 


82.66 


113.91 


150.16 


191.41 


a 
a 

0, 

m 


HS 
Dl 


.11 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 


3066 

0.0261 

2382 

2152 

0.0618 


1905 
1382 

0.1206 

1588 

960 

0.2083 

1361 

705 

0.3307 

1191 

540 

0 .4938 


0.0165 
4760 
4588 

0.0323 
3824 
3584 

0.0558 

3277 
2633 

0.0886 
2868 
2016 

0.1323 

2549 

1593 

0.1883 


2294 

1290 

0.2584 

[   2086 

1066 

0.3440 

1912 

896 

0.4464 

0.0227 
6562 
6027 

0.0361 
5274 
4944 

0.0539 

4688 

3906 

0.0768 

4219 
3164 

0.1053 
3835 
2615 

0 .  1402 

3516 
2197 

0.1821 
3246 
1873 

0.2313 


3014 
1615 

0  2890 
2813 
1406 

0.3556 


2637 

1236 

0  4316 


0.0265 
8312 
7621 

0.0378 

6769 
6430 

0.0518 
6154 
5315 

0.0690 

5641 
4466 

0.C896 
5207 
3805 

0.1139 

4835 
3281 

0.1422 
4513 
2858 

0.1750 

4230 

2511 

0.2124 


0.0213 

10.062 

9919 

0 .0292 
9017 

0.0389 

8266 
7921 

0.0505 
7630 
6750 

0.0642 

7085 
5820 

0.0802 
6613 
5070 

0.0986 

6199 

4456 

0.1197 


0 .0240 
11.812 
11.391 

0.0312 
10.515 

0.0397 

9764 
9415 

0.0496 
9113 
8201 

0.0610 

8543 

7208 

0.0740 


0.0262 
13.562 
12.870 

0.0327 
12,013 

0.0403 

11.262 

10.909 

0  0489 


0.0279 
15.312 
14.356 

0.0339 


1  SISIE  »  surfaced  one  side  and  one  edce. 
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Table  0. — Table  of  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominaij  Width 
OF  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexubal  * 
Stress  of  1800  Lb.  per  Sq.  In,— (Continued) 


Sises 

Rough  sue 

4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surface  sise 
SISIE^ 

3«X3« 

3«X5« 

3HX7H 

3HX9H  3HX11H  3fiX13H  3HX15H  3«X17H 

Section  modulus 

7.94 

19.12 

35.16 

56.41 

82.66 

113.91 

150.16 

191  .41 

B 

• 

3982 

5835 

8041 

10599 

13511 

17 

D 

2225 

3947 

6385 

9664 

Dl 

0.2547 

0.1436 

0.0887 

0.0586 

0.0407 

B 

3760 

5510 

7594 

10010 

12700 

18 

D 

1985 

3521 

5695 

8620 

12406 

Dl 

0.3023 

0.1704 

0.1053 

0.0696 

0.0483 

'  B 

3563 

5221 

7194 

9484 

120» 

19 

D 

1782 

3160 

6112 

7737 

11134 

Dl 

0.3554 

0.2004 

0.1239 

0.0818 

0.0569 

B 

3384 

4959 

6834 

9009 

11484 

20 

D 

1608 

2852 

4613 

6982 

10049 

1 

0.4146 

0.2337 

0.1445 

0.0955 

0.0663 

B 

4724 

6509 

8580 

10038 

21' 

D 
Dl 

> 

B 

2587 

0.2706 

4509 

4184 

0.1673 

6213 

6330 

0.1105 

8190 

0115 
0.0768 
10440 

k 

22 

D 

Dl 

B 

2357 

0.3111 

4313 

3813 

0.1923 

5943 

5770 

0.1271 

7834 

8305 

0  0883 

0986 

« 

23 

D 

2156 

3488 

5280 

7698 

1 

Dl 

0.3556 

0.2198 

0.1452 

0.1000 

a 

B 

4133 

5695 

7508 

0570 

CO 

1 

24 

D 

1980 

3204 

4849 

6078 

Dl 

0.4040 

0.2497 

0.1650 

0.1146 

03 

25 
26 
27 
28 

B 
D 
Dl 

1 

B 

D 

Dl 

B 

D 

Dl 

B 

D 

Dl 

B 

6468 
2952 

0.2822 
5257 
2730 

0.3175 
5063 
2531 

0.3555 

4882 

2354 

[  0.3905 

7208 
4469 

0.1805 
6930 
4132 

0.2099 
6674 
3831 

0.2349 
6435 
3562 

0.2620 

[      6214 

3321 

9188 
6431 

0.1296 
8834 
&046 

0.1457 
8607 
6514 

0.1632 
8203 
5127 

0.1820 
7920 

29< 

D 

4780 

Dl 

0.2911 

0.2022 

B 

* 

6006 

7656 

30< 

D 

{       3103 
[0.3222 

4466 

Dl 

0  2239 

B 

7409 

31  < 

D 

Dl 

B 

4183 

0.2470 

7178 

32 

D 

Dl 

3925 
1  0.2717 

1  818 IE  »  surfaoed  one  side  and  one  edge. 
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STEEL  BEAMS  AND  GIRDERS 
Bt  Alfred  Wheeler  Roberts 

Beams  of  I-eection  are  the  steel  beams  in  most  common  use.  In  beams  of  this  section 
the  greater  part  of  the  material  occurs  in  the  upper  and  lower  portions  of  the  beam  and  where 
it  is  most  effective  in  resisting  bending.  Channels,  angles,  and  tees  are  used  only  to  meet  some 
special  condition.  Channels,  for  example,  are  not  as  economical  as  I-beams  and  require  more 
lateral  support  to  keep  them  from  buckling,  but  they  are  especially  suitable  for  use  as  lintels 
and  around  floor  openings. 

This  chapter  deals  only  with  simple  rolled  sections.  Plate  and  box  girders  are  treated  in 
another  chapter.  For  the  selection  of  sizes  of  steel  beams  see  Art.  1.  For  properties  of  steel 
sections,  see  Art.  2b.     For  loads  supported  by  lintels,  see  Art.  29. 

16.  Considerations  in  the  Design  of  Steel  Beams. — Steel  beams  must  be  designed  to 
resist  bending,  shear,  sidewise  buckling  of  the  web,  lateral  buckling  of  the  compression  flange, 
and  excessive  flexure  or  deflection.  (For  derivation  of  formulas  and  for  terms  used,  see  ''  Simple 
and  Cantilever  Beams,''  Sect.  1.) 

16a.  Bending. — The  section  modulus  must  be  sufiicient  so  that  the  external 
bending  moment  will  be  safely  resisted.  The  section  modulus  required  is  found  by  dividing 
the  bending  moment  in  inch  pounds  by  the  allowable  extreme  fiber  stress  in  pounds  per  square 
inch.     The  fiber  stress  usually  allowed  is  16,000  lb.  per  sq.  in. 

166.  Shear. — The  web  area,  obtained  by  multiplying  the  depth  of  beam  by  the 
thickness  of  web,  must  be  sufficient  for  the  beam  to  resist  the  maximum  shear  (see  Sect.  1, 
Art.  63d).     The  usual  allowance  for  shear  is  10,000  lb.  per  sq.  in. 

16c.  Buckling  of  Web, — The  tendency  of  the  web  to  buckle  or  crush  occurs 
over  the  supports  and  immediately  under  the  points  of  application  of  concentrated  loads. 
There  is  also  the  tendency  to  sidewise  buckling  near  the  ends  of  a  beam  due  to  the  inclined 
compressive  stress  referred  to  in  Sect.  1,  Art.  64.  With  I-beams  and  channels,  this  inclined 
compressive  stress  need  not  be  considered  in  any  ordinary  case  if  the  beam  is  made  amply 
strong  over  supports. 

Usually  if  a  beam  has  sufficient  section  modulus  to  take  care  of  the  bending  moment,  the 
web  is  sufldciently  strong  as  regards  shear  and  buckling.  The  exception  occurs,  however, 
where  the  span  is  short  and  the  load  heavy. 

The  Carnegie  Pocket  Companion  gives  the  following  formulas  for  safe  end  reaction  and 
safe  interior  load: 


in  which 

R  =  end  reaction. 
W  =  concentrated  load. 

i  =  web  thickness. 

a  =  distance  over  which  the  end  reaction  is  appilied. 
ai  =  distance  over  which  the  concentrated  load  is  applied. 

p  =  19,000  —  173-^,  but  never  greater  than  13,000  lb.  per  sq.  in. 

The  first  formula  applies  to  any  loading.  Whenever  the  end  reaction  or  concentrated  loads 
are  greater  than  determined  by  the  above  formulas,  then  either  a  beam  must  be  chosen  having 
a  greater  web  area,  or  the  web  of  the  beam  investigated  must  be  reinforced  by  stiffcner  angles 
riveted  to  the  web  and  milled  top  and  bottom  to  bear  against  the  flanges.  It  is  usually  more 
economical  to  use  a  beam  with  greater  web  area  than  to  use  stiffeners. 

The  formula  for  p  given  above  is  based  on  the  column  formula  (19,000  —  100-,  maximum 
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13,000  lb.  per  sq.  in.)  used  by  the  American  Bridge  Company  and  Carnegie's  Pocket  Companion 
(see  Sect.  1,  Art.  97).     The  length  of  the  column  is  taken  as  s  and  r  =  \/ To-   -A-uy  other  column 

formula  could  be  used,  such  as  the  formula  (16,000  —  70-,  maximum  14,000  lb.  per  sq.  in.) 
of  the  Am.  Ry.  Eng.  Assn.     Substituting  the  proper  values  for  L  and  r  in  this  formula,  we  have 

p  «  16,000  -  121^ 

The  formulas  for  R  and  W  above  given  assume  that  the  length  of  the  web  withstanding  direct 
compression  is  greater  than  the  distance  over  which  the  end  reaction  or  a  concentrated  load  is 
applied.  Some  authorities  consider  only  the  loaded  length  in  direct  compression  which  is 
obviously  on  the  safe  side. 

To  withstand  crippling  of  the  web  due  to  inclined  compressive  stress,  the  intensity  of  the 
vertical  shear  which  is  equal  to  the  intensity  of  this  compressive  stress,  must  be  kept  within  a 
safe  value,  otherwise  stiffeners  must  be  used  or  the  web  thickness  increased.  A  beam  may  be 
amply  secure  against  a  straight  shear  of  10,000  lb.  per  sq.  in.  and  yet  not  have  sufficient  web 
area  to  be  safe  as  regards  web  buckling.  Assuming  the  inclined  compressive  stress  to  act  at 
45  deg.  with  the  neutral  axis  throughout  the  entire  depth  of  beam  and  using  the  American  Bridge 
Company's  column  formula,  the  maximum  safe  unit  value  for  the  shear 

V  h 

^  =  19,000  -  488^ 
at  t 

in  which  h  —  the  distance  between  the  flange  fillets.     Using  the  A.  R.  E.  A.  formula 

V  h 

T,  =  16,000  -  342-, 
at  t 

The  Cambria  Steel  Handbook  gives 

V         12,000 


^*     1    I      ^' 

"*■  1500r 

based  on  the  Gordon  column  formula. 

16d.  Deflection. — In  some  cases  the  deflection  may  be  the  governing  feature  in 
selecting  a  suitable  section  for  a  beam,  instead  of  the  load  it  carries.  For  example,  a  beam 
may  deflect  sufficiently  to  crack  a  plastered  ceiling,  or  to  crack  a  marble  or  mosaic  floor,  because 
the  proportion  of  the  depth  of  the  beam  to  its  span  is  not  sufficient.  It  will  be  found  that  a  good 
workable  proportion  of  the  depth  of  a  beam  to  its  span,  where  excessive  deflection  is  to  be 
avoided,  is  that  the  depth  of  the  beam  should  not  be  less  than  Mo  of  the  span,  and  that  the 
deflection  should  not  exceed  J^eo  of  the  distance  between  supports.  However,  where  the 
deflection  is  not  serious,  as  in* mills,  shops,  etc.,  it  is  good  practice  to  make  beams  ^4  of  the  span 
in  depth,  and  for  roof  purlins  of  mill  buildings,  yio  of  the  span  if  the  roofs  are  3^th  pitch  or 
steeper. 

166.  Lateral  Support  of  Compression  Flange. — The  compression  flange  of  a 
beam  is  really  a  column  and  may  fail  by  buckling  laterally.  If  beams  are  without  lateral  sup- 
port for  a  distance  exceeding  about  20  times  the  flange  width,  their  carrying  capacity  should  be 
reduced  in  accordance  with  table  to  be  found  in  most  any  steel  handbook.  Each  table  in 
common  use  is  based  on  some  one  of  the  column  formulas  (Sect.  1,  Art.  97)  making  due  allowance 
for  the  strengthening  action  of  the  web. 

A  formula  in  common  use  is  the  following  modified  Gordon  column  formula  used  in  Cambria: 

18,000 
p  =  


1+  ' 


30006' 


in  which  p  —  allowable  stress  in  pounds  per  square  inch,  I  =  length  between  lateral  supports 
in  inches,  and  6  =  width  of  flange  in  inches.-    When  p  ~  16,000,  v  =  19.37,  showing  that  lateral 
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beading  must  be  considered  in  beams  where  the  maximum  length  of  unsupported  compression 
flange  is  gieater  than  about  20. 

In  most  cases  in  floor  framing  a  beam  is  braced  laterally  either  by  other  beams  framing 
into  it  or  by  the  floor  construction  itself,  but  cases  do  arise  where  conditions  leave  a  beam  un- 
braced for  an  excessive  distance. 

17.  Multiple  Beam  Girders. — Two  or  more  beams  placed  side  by  side  and  connected  by 
means  of  bolts  and  scparatoiB  are  used  where  a  single  beam  would  not  be  sufficient  to  carry 
the  loads  imposed,  where  there  is  not  sufficient  head  room  to  use  a  deep  member,  or  where  a 
wide  member  is  needed  either  to  give  sufficient  lateral  stiffness  or  to  provide  a  suitable  support 
for  a  wall.  The  separators  should  fit  closely  between  the  flanges  of  the  beams  and  should  be 
placed  at  the  support,  at  points  where  concentrated  loads  occur  and  at  regular  intervals  of  5  or 
6  ft.  along  the  beam  in  order  to  insure  that  the  beams  will  act  as  a  unit  both  vertically  and 
laterally. 

Gas-pipe  separators  should  not  be  used  in  this  typo  of  girder,  but  may  be  used  in  grillage 
beams  or  girders  which  are  to  be  filled  in  with  concrete.  The  cast-iron  separator  is  generally 
used  in  multiple  beam  girders,  but  owing  to  its  uncertainty  of  being  true  and  square,  it  is  better 
construction  to  use  built-up  steel  separators  or  diaphragms  made  up  of  plates  and  angles. 

If  the  loads  are  not  delivered  equally  to  each  member  of  a  multiple  girder,  each  member 
should  be  designed,  as  near  as  practicable,  to  take  its  specific  load  so  as  not  to  depend  any  more 
than  possible  upon  the  separators  equalizing  the  load.  A  good  example  of  this  is  a  spandrel 
section  made  up  of  two  members  carrying  a  wall  and  a  floor  load.  The  outer  member  should 
be  designed  to  carry  one-half  the  wall  load  and  the  inner  member  one-half  of  the  wall  load  plus 
all  of  the  floor  load.  This  will  give  less  chance  for  secondary  stresses  due  to  torsion  which  are 
impossible  to  calculate. 

18.  Beams  with  Cover  Plates. — It  is  sometimes  found  advantageous  to  reinforce  I-beams 
and  multiple  beam  girders  by  adding  cover  or  flange  plates  top  and  bottom.  Such  members 
should  be  figured  considering  the  moment  of  inertia  of  the  total  net  section,  deducting  metal 
to  allow  for  rivet  holes  in  both  flanges.  If  rivets  are  carefully  staggered,  only  one-half  of  this 
number  need  be  deducted.  The  plate  should  be  riveted  with  sufficient  rivets  to  develop  the 
stress  in  the  cover  plate  beyond  the  point  where  the  plate  is  actually  needed.*  For  method 
of  computing  rivets  connecting  cover  plates  to  flanges,  see  Art.  55.  The  length  of  flange  plates 
may  be  detennined  in  the  same  manner  as  for  plate  girders  (see  Illustrative  Problem,  p.  185). 
It  is  sometimes  necessary  and  is  good  construction  in  the  case  of  a  girder  carrying  a  wall,  to 
run  the  top  flange  {date  the  full  length  of  the  girder,  to  make  an  even  surface  on  which  to  build 
the  wall. 

19.  Double-layer  Beam  Girder. — A  type  of  beam  girder  constructed  by  placing  one  beam 
on  top  of  the  other  and  riveting  the  top  flange  of  the  lower  beam  to  the  bottom  flange  of  the 
upper  beam  to  take  up  the  horizontal  shear,  will  be  found  a  very  effective  girder.  Flange  plates 
or  channels  can  be  riveted  to  the  extreme  flanges  of  the  beams  and  a  high  amount  of  efficiency 
can  be  developed  from  this  form  of  girder.  It  is  important,  however,  to  make  certain  that  the 
horizontal  shear  between  beams  is  properly  taken  care  of  by  the  rivets  and  that  the  web  is 
sufficient  to  withstand  buckling.  Although  not  usually  as  economical  in  material  as  a  plate 
girder  or  a  very  deep  beam,  it  will  prove  advantageous  to  use  when  deep  beams  and  plate  girder 
web  plates  are  not  readily  available.  The  cost  of  shop  work  on  this  type  of  girder  is  a  great 
deal  lower  than  on  plate  girders. 

20.  Tie-beams. — A  tie  or  tension  beam  is  one  which  takes  transverse  stress  and  direct 
tension  at  the  same  time.  Probably  the  best  example  of  such  a  beam  is  a  bottom  chord  of  a 
truss  which  is  taking  tension  and  at  the  same  time  acting  as  a  beam — ^for  instance,  supporting  a 
c^ing  or  a  concentrated  load  between  panel  points. 

In  designing  a  member  of  this  kind  care  should  be  taken  that  the  extreme  tension  fibers 
are  not  over  stressed.  As  the  maximum  fiber  stress  cannot  be  calculated  directly,  it  may  be 
necessary  to  make  trials  with  several  sections  before  the  proper  section  can  be  determined.  The 
method  of  procedure  is  as  follows:  (1)  Calculate  the  bending  moment  in  inch-pounds  due  to  the 
beam  action,  (2)  select  a  member  for  trial  and  divide  the  bending  moment  by  the  section  modu- 
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lus  of  the  member  selected — ^the  result  gives  the  stress  per  square  inch  on  the  extreme  fiber  due 
to  bending,  (3)  divide  the  amount  of  tension  by  the  area  of  the  cross  section  of  the  member 
selected  for  trial — the  result  gives  the  stress  per  square  inch  due  to  tension,  and  (4)  add  these 
two  stresses.  If  the  sum  of  the  stresses  is  not  greater  than  the  allowable  stress  per  square  inch, 
the  member  is  acceptable.  If  the  member  does  not  fit  requirements,  another  section  should  be 
selected  and  the  calculations  repeated. 

2L  Strut-beams. — A  strut  or  compression  beam  is  one  which  is  subjected  to  combined 
compressive  and  transverse  stresses.  An  illustration  of  a  beam  of  this  kind  would  be  a  top 
chord  of  a  truss  subjected  to  direct  compression  and  also  taking  bending  due  to  a  concentrated 
load  between  panel  points.  Still  another  illustration  would  be  a  column  carrying  its  load  and 
taking  bending  due  to  wind  or  other  forces. 

A  member  of  this  type  can  be  designed  in  a  manner  similar  to  that  explained  above  for  tie- 
beams.     The  extreme  compression  fibers  should  be  investigated,  however,  instead  of  the  tension 
fibers.     The  column  formula  should  be  used  to  determine  the  maximum  allowable  fiber  stress. 
Another  analysis  of  this  type  of  beam  is  the  same  as  used  on  columns  which  take  axial  loads 

and  bending.  By  this  method  an  equivalent  axial  load  is 
computed  from  the  bending  moment  to  add  to  the  direct  load 
and  then  the  member  is  designed  as  a  column. 

The  method  of  procedure  is  as  follows:  (1)  Calculate  the 
bending  moment  in  inch-pounds  due  to  the  beam  action;  (2) 
select  a  member  for  trial;  (3)  multiply  the  bending  moment 
by  the  distance  from  the  neutral  axis  to  the  extreme  fiber  and 
divide  by  the  square  of  the  radius  of  gyration — ^the  result 
gives  the  equivalent  axial  load,  due  to  the  bending  on  the 
compression  fibers;  (4)  add  the  equivalent  and  direct  axial 
loads;  (5)  design  the  member  to  take  these  combined  loads 
using  the  column  formula. 

22.  Grillage  Beams. — Grillage  beams  are  beams  used 

3   under  columns  in  foundations  for  the  purpose  of  distributing 

the  column  loads  over  a  wide  foundation  bed.     Steel  beam 

grillages  are  made  up  of  one  or  more  layers  of  beams,  the 

layers  being  built  up  in  the  manner  shown  in  Fig.  4. 

The  space  between  the  flanges  of  the  beams  should  not 
be  less  than  23^  in.,  so  as  to  permit  the  proper  tamping  of  the 
concrete  in  which  all  grillage  foundations  should  be  incased. 
The  distance  between  the  flanges  should  never  exceed  3  times 
the  flange  width. 

Beams  should  be  provided  with  gas-pipe  separators  spaced  near  the  ends  and  immediately 
under  points  where  concentrated  loads  are  applied  in  order  to  insure  that  the  beams  will  act  as  a 
unit.  A  double  line  of  separators  should  be  provided  for  all  members  over  8  in.  in  depth.  Cast- 
iron  or  built-up  steel  separators  are  not  desirable,  as  they  break  up  the  continuity  of  the  concrete. 
Material  for  grillages  should  not  be  painted  as  the  concrete  is  a  preservative  against  rust  and 
corrosion,  and  the  concrete  will  bond  more  readily  to  an  \mpainted  surface  of  steel. 

The  bearing  area  of  a  grillage  is  generally  taken  as  the  length  multiplied  by  the  out  to  out 
distance  of  the  extreme  flange  edge  providing  beams  are  to  be  encased  in  concrete.  Some  speci- 
fications and  building  codes  permit  the  above  width  plus  the  width  of  the  upper  outer  flanges 
on  both  sides,  on  the  basis  that  the  concrete  tamped  under  these  flanges  distributes  the  bearing 
to  the  concrete  adjacent  to  the  lower  outer  flanges. 

The  column  base  should  be  designed  so  that  the  load  will  be  distributed  in  direct  bearing 
to  the  webs  of  the  beams,  at  the  allowable  unit  bearing  stress  for  steel  on  steel  which  usually 
means  that  stiffener  angles  must  be  used  on  the  bottom  of  the  colunms  or  on  the  beam  webs. 
This  form  of  construction  can  be  avoided  by  the  use  of  a  rolled  steel  slab  of  the  proper  thickness 
to  distribute  the  loads  over  the  grillage  webs,  or  it  is  sometimes  possible  to  place  the  grillage  so 
that  sufficient  area  of  the  column  bears  directly  over  the  webs  of  the  grillage  beams  to  give  the 
required  bearing  area. 


aiiSsiKi 


Ran 
Fio.  4. 
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The  beams  in  a  steel  grillage  should  be  figured  for  bending,  shear,  and  buckling.  The 
buckling  due  to  direct  compression  in  a  lower  layer  is  likely  to  occur  where  the  web  of  the  upper 
grillage  bears  on  the  web  of  the  lower  grillage.  In  the  top  layer  the  tendency  to  buckling  comes 
from  the  direct  application  of  the  column  load.  Likelihood  of  the  web  buckling  due  to  inclined 
compressive  stresses  should  also  be  investigated  in  grillage  beams. 

Some  engineers  in  designing  grillages  consider  that  inasmuch  as  the  beams  are  incased  in 
concrete  and  held  together  with  separators,  that  the  webs  are  not  subject  to  buckling,  as  they 
are  braced  sideways  and  cannot  buckle.  With  this  assumption  the  webs  are  figured  for  bearing 
only,  using  the  allowable  unit  bearing  stress  for  steel  on  steel. 

As  channels  make  the  best  sections  to  resist  shear  and  buckling,  owing  to  their  thick  webs, 
4  channels,  placed  back  to  back  in  pairs,  which  are  capable  of  taking  the  shear  and  buckling, 
make  an  economical  design  for  the  upper  layer  of  a  grillage,  where  there  is  no  restriction  to  the 
dimensions  in  either  direction.  These  channels  should  be  developed  for  their  full  length  in 
bending. 

S3.  Information  Regarding  Illustrative  Problems. — Following  are  a  number  of  illustrative 
problems  pertaining  to  different  kinds  of  beams  and  girders.  (For  methods  of  computing  reac- 
tions, shear,  and  moment,  see  chapters  in  Sect.  1.)  Some  of  the  unit  working  stresses  may  not 
agree  with  those  which  are  allowable  for  certain  building  codes  or  specifications,  but  they  will 
tend  to  show  the  principles  explained  in  the  text  of  this  chapter  and  other  quantities  may  be 
substituted  to  suit  the  individual  problem  as  it  arises.  In  calculating  the  bending  moment 
and  section  modulus  of  different  problems,  it  will  be  found  much  more  convenient  to  compute 
moments  in  thousands  of  foot-pounds  and  multiply  by  three-fourths  (^)  to  obtain  the  section 
modulus.  The  illustrative  problems  following,  however,  are  worked  out  in  inch-pounds  for 
bending  moments,  but  the  aforesaid  method  will  be  found  a  big  saver  of  time  for  the  experienced 
engineer. 

IDustnitiTe   Problem. — Beam  vrUh  a  Uniformly  DiatribuUd  Load. — What  rise  beam  is  required  to  carry  a 
ukiformly  distributed  load  of  1000  lb.  per  lin.  ft.  over  a  span  of  18  ft.,  assuming  that  the  beam  is  sufficiently  braced 

laterally?  

Total  load    -   (18)  (1000)  -  18.000  lb.  mMfOOO^perJ^^.^jM 


R.^Rt^  i^  -  9000  lb. 


■/8''(r 


.  (18.000)(18)(12)  _  ^.  ^- 

486.000 

*     "16:000    ^-^  *^»«-  «• 

By  referring  to  a  table  of  properties  of  beams  it  wiU  be  seen  that  a  10-in.  40-lb.I  has  a  section  modvlus  of  31.7; 
bat,  as  a  12-in.  31.5-lb.I  has  a  section  modulus  of  36,  the  12-in.  beam  is  the  more  economical,  besides  being  more 
readily  obtained. 

The  beam  should  next  be  investigated  for  shear.     Area  of  croes  section  of  the  web  of  the  12-in.  beam  <»  (12) 
(0.35}  >  4J2  sq.  in. 

-T-^-  "■  2142  lb.  per  sq.  in. 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  ample  to  withstand  the  shear. 

This  problem  could  readily  be  solved  by  using  the  tables  of  safe  uniform  loads  for  I-beams  in  the  steel 

KMOA  handbook. 

"f^^  UlttStratiTe  Problem. — Beam  With  Concentrated  Looda.— What  sise 

beam  will  be  required  to  carry  two  concentrated  loads  over  a  span  of 
18  ft.,  with  the  loads  spaced  as  shown  in  Fig.  6? 


p         (7)(15.0001  +  (13)(12.000)       , .  _..  ,. 
ni  "  j^ ™  14,0UU  ID. 

1?.      «                                                       »    _  (g)(12.000)  +  (11)(15,000)       ,„-^,. 
Fio.  6.  ««  ■  jg ■"  12,500  lb. 

The  point  of  maximum  bending  moment  is  at  the  point  of  no  shear — that  is,  where  the  shear  changes  sign.     The 

point  of  maximum  bending  in  this  particiilar  case  will  be  at  the  right-hand  concentrated  load,  or  at  point  **  A" 

shown  in  the  figure. 

M  -  (12,500) (7) (12)  •»  1.050,000  in.-lb. 
1,050.000 

^  "  "i6,oor  "  ®^-® 

By  referring  to  a  table  of  properties  of  beams  it  will  be  seen  that  a  15-in.  60-lb.I  haa  a  section  modulus 
of  81J2  and  that  an  18- in.  55-lb.  I  has  a  section  modulus  of  88.4.  Since  the  18-in.  beam  is  of  less  weight  besides 
developing  more  efficiency,  it  will  be  used. 
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Area  of  cross  seotion  of  web  of  an  18-in.  55-lb.I  »  (18) (0.46)  »  8.3  sq.  in.     Maximum  shear  *  14.500  lb. 
Therefore 

14,600       -— *^  ii_ 
P  ^     —  1746  lb.  per  sq.  in. 

o.O 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  satisfactory  for  shear. 

Illustrative  Problem. — Beam  With  Load  Concentrated  at  Center. — What  sise  beam  will  be  required  to  carry  a 
center  load  of  20,000  lb.  on  an  18-ft.  span? 

ZQOCOU,  iJ,  -  ft.  -  ^^  -  10.000  lb. 


?•  V^^^^~^^^^'  ^       1.080.000 

t7/AK /^'-^ H4(?aW/A  °  "  ~l6:o6o" 


Fig.  7.  By  referring  to  a  table  of  properties  of  beams,  it  will  be  seen  that  a  15~ 

in.  60-lb.I  has  a  section  modulus  of  81.2.  but  since  an  18-in.  55-lb.  I 
develops  a  section  modulus  of  88.4.  it  is  more  economical  to  use  the  18-in.  section.  Investigating  for  shear  it  will 
be  found  that  the  18-in.  beam  has  an  area  of  web  cross  section  of  (18)  (0.46)  -  8.3  sq.  in.  The  maximum 
shear  *  10,000  lb.     Therefore 

10,000       ,„«^  ,. 

— ^-.r-  -  1204  lb.  per  sq.  m. 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  ample  for  shear. 

This  problem  could  be  solved  by  using  the  tables  of  safe  uniform  loads  for  I-beams  given  in  the  steel  handbook. 

lUttstratlve  Problem. — Cantilever  Beam. — What  sise  beam  will  be  required  to  safely  sustain  the  loads  showr 
in  Fig.  87 

To  ascertair  fti,  take  momenta  about  fti  as  follows:  r^'^X7Bk 


R.  -  (S000)(7)  +  a2.000)(18)  _  ^^^3^  ,^_ 


yjDTA      (JEORA     eca/ttl 
i t  ■        1 


j3 i»,«f,  ID.  L-r.er-^6-.<y-^  ^r-<r^ 


To  find  fti,  take  moments  about  ftz,  or  • 

^_  _  (12.000)(5)  -  (8000)(m  _  ^^  ,^  p„    g 

li5 


4^A 


As  a  beam  must  be  in  equilibrium,  the  sum  of  .the  loads  must  be  equal  to  the  algebraic  sum  of  the  reactions  and 
it  will  l>e  seen  from  the  diagram  that  in  order  for  the  forces  to  balance  there  must  be  a  downward  force  at  fti  of 
2307  lb.  to  resist  the  uplift  at  that  point. 

The  maximum  bending  moment  occurs  at  support  fti,  or 

M  -  (12,000)  (5)  (12)  -  720.000  in.-lb. 
720^000 

16.000 

By  referring  to  a  table  of  properties  of  beams  it  will  be  seen  that  a  15-in.  42-lL.I  has  a  section  modulus  of  58.9  and 

will  satisfy  the  bending. 

The  maximum  shear  of  12,000  lb.  occurs  immediately  beyond  the  support  of  the  cantilever  portion.     A  15-in. 

42-Ib.I  has  a  web  area  of  (15)  (0.41)  -  6.15  sq.  in.     Therefore 

12.000       ,^-,  ,. 
-TT.i-  —  1961  lb.  per  sq.  in. 
o.io 

It  is  evident  that  the  section  is  satisfactory  as  regards  shear. 

The  web  should  be  investigated  for  buckling  to  ascertain  how  much  bearing  it  should  have  on  the  supporting 
column  at  fts.     Using  the  formula 

p  «  16.000  -  121  ^ 

from  Art.  16c,  and  assuming  only  the  loaded  length  in  direct  compression 

pfa  «  fts  -  19,307  lb. 

p  .  ie.000  -  ^/^U  11.570 

Fig.  9.  a 19,Z07__  ^ 

"       (11.570)(0.41)       *•*  *  • 

Illustrative  Problem. — Tie  Beam. — Design  the  member  i4ft  in  Fifc.  9  to  carry  a  concentrated  load  of  12.00G  lb. 
as  shown,  and  to  take  simultaneously  a  tensile  stress  of  60,000  lb. 
The  bending  moment  due  to  the  concentrated  load 

for  trial,  select  a  section  composed  of  two  10-in.  15-lb.  channels  which  have  a  total  S  of  26.8.     Then  the  stress  on 

the  extreme  fiber  due  to  bending  will  be 

210.000       „-__  „ 
/i  -  — 268~  "  ^^  "**' 
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The  atreas  per  square  inch  due  to  tenaion  will  be  the  streM  divided  by  the  area  of  the  section,  or 

,        50.000       ^„^^  „ 

ft  -    ggg    -  6606  lb.  per  sq.  in. 

Then  the  total  stress  on  the  extreme  tension  fiber  will  be 

/i  +  />  -  13.664  lb.  per  sq.  in. 

Therefore  the  member  selected  is  satisfactory. 

Care  must  be  taken  that  there  is  no  metal  taken  from  the  section  due  to  punching  at  the  center  where  the 
stteas  IB  •  maumum  sufficient  to  reduce  the  seition  to  the  pmnt  of  overstressing  the  member.  At  the  ends  c(  AB, 
tfa«  bending  moment  is  sero.  so  the  net  section  at  these  points  will  only  have  the  direct  tensile  stress  to  take  care  of. 

maatntire  Problem.— ^'Ini<  Beam. — What  size  member  will  be  required  to  carry  a  concentrated  load  of  10,000 
lb.  at  the  center  of  a  span  of  8  ft.  and  take  a  direct  compressive  stress  of  20.000  lb.  7 

M  -  »0-<»0H8)(12)  _  ^  ^  .„^^ 

For  trial  select  a  section  composed  of  two  9-in.  13H-lb.  channels  each  of  which  has  a  radius  of  gyration  about  the 
principal  horisontal  axis  of  3.40  and  an  area  of  7.78  sq.  in.  MumA 

Using  the  A.  R.  E.  A.  column  formula  ^Oip^ 

V  -  16,000  -  70  - 
the  member  is  found  to  carry  as  a  column  14,110  lb.  per  sq.  in. — that  b, 

p  -  16.000  -  70  ^  -  14,110  lb.  per  sq.  in.  Fio.  10. 

0.4V 

As  the  maximum  compression  in  a  column  is  limited  by  the  formula  used  to  14.000  lb.  per  sq.  in.,  the  column  will 
safely  carry  (7. 78)  (14,000)  -  108,020  lb.  The  amount  to  be  added  to  the  direct  compression  due  to  bending  is 
(aee  Art.  21). 

(240.000)(4.6)  „  <wj  «|o  ,b 

The  sum  of  the  direct  and  equivalent  axial  loads  is 

20.000  +  88.660  «  108,660  lb. 
Therefore  the  member  selected  is  satisfactory. 

lUustimtiTe  Problem. — SingU  Layer  OrUUige. — What  sise  grillage  will  be  required  to  carry  a  10-in.  H-column 
with  a  load  of  200,000  lb.  and  an  allowable  bearing  pressure  on  the  foundation  of  20.000  lb.  per  sq.  ft.? 
The  srea  required  to  distribute  the  load  over  the  foundation  is 

200.000       ,-         ., 
"26.060-  -  *®  ■^-  '*• 
Aaauming  that  the  grillage  is  properly  incased  in  concrete,  the  webs  will  not  be  figured  for  buckling — only  for  shear 
and  bearing.     A  grillage  of  this  kind  can  be  placed  under  an  H-column  so  that  the  greater  part  of  the  column  shaft 
bears  directly  on  the  webs  of  the  grillage.    The  longitudinal  distribution  of  the  column  load  will  be  the  width  of  the 

column  flange  plus  twice  the  thickness  of  the  base  plate  (10  +  2  «- 
12).  sssuming  the  load  to  be  distributed  at  an  angle  of  45  deg. 
beyond  the  edge  of  the  column  shaft.     Figuring  bearing  of  steel  on 
**  ^\\   K  steel  st  20,000  lb.  per  sq.  in.,  the  direct  bearing  area  required  is 


♦  ■<  200.000       ,^ 

♦j:  2o.o6cr-^^»^'°- 

J5fl|  As  the  length  is  already  determined  as  12  in.,  the  thickness  required 
for  each  web  is 

Fig.  11.  (12)(4)  "  ^'^^ 

luming  4  channels.     Considering  the  width  of  the  grillage  distributing  to  the  foundation  to  be  OK  +  (4)  (3)  » 
21 H  in.  (see  Art.  22)  and  as  an  area  of  10  sq.  ft.  or  1440  sq.  in.  u  needed,  the  length  of  the  grillage  will  be 

2J-5  -  67  m.     Then 

M  -  (??!^)(^  -  3)-  1.375.000  in.-lb. 

1.375.000    _ 
^  "  (16.000)(4) 
As  the  point  of  maximum  shear  occurs  at  the  edge  of  the  base  plate,  the  total  maximum  shear 

„      200.000  67  -  12       „  --.  ,. 
V  -  — g^    —2 82.088  lb. 

Then  the  amount  of  area  required  in  the  web  of  each  member 

82.088  „^. 

"  -  (4)(10.000)  -  =*•<»  *••  •"• 

Therefore  each  of  the  4  channels  should  have  the  following  properties 

Section  modulus  ->  21.4 
Web  thickness  -  0.208  in. 
Web  area  -  2.05  sq.  in. 
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IDnitntns  Problsm.— Doublg  lavcr  Grilliwe.— Wh>t  liic  crillwa  will  be  »quir«d  to  oviy  ■  14-in.  H-ooIuhib 
with  ■  load  of  400.000  lb.,  tba  kllowable  beviof  praamira  on  the  (oundfttiao  being  IS.OOO  lb.  per  wj.  It.T     A>  tbe 

■eetioD  lot  the  top  layer  u  eipluned  in  the  preceding  problem.  It  Ig  lound  that  Four  IZ-in.  Z5-tb.  chuneh  wil 
■afely  reeiat  the  beuini  Bod  tbeai  and  will  ulely  develop  a  leagtfa  ol  *6  in. 

The  leOEth  of  the  lower  layer  ia  determined  sa  follows: 

(..StaW) -"•■■■""■ 

Then  the  total  bendina  moment  on  the  lower  grilU(« 

U  -  (^°2^-j(^^  -  6.5)  -  2.900,000  to.-lh. 

.  the  lower  irillace  ii  compoaed  of  5  beam*  placed  oQ  10- 
2.900.000   .  „  „, 

^     (ie,ooo)(S)     ^■*' 

6ioe«  the  aeetion  will  develop  (12)  (0.46)  (laOOO)  -  66.200  lb.,  it  i>  aatialaetory  for  ahaar. 

The  amount  ot  bearlDc  areft  required  ol  atael  on  ateel  to  taka  the  load  from  the  web*  of  tbe  upper  lajer  to  the 

400,000       „,__   . 

Tom  -'»•^"'• 

Therefore  at  each  point  o[  the  ten  uiteraectiona  of  the  two  layen  Uiere  ahould  be  2  aq.  in.  The  web*  of  the  oppir 
UyerbBVB(2)  (0,3»)  (6.Z5)  -  4.09  aq.  in,  and  the  weba  ol  the  lower  layer  (0.48)  (2)  (3.06)  -  2,80aq.in. 

Aa  all  eonditiDni  ate  wtiaGed,  the  five  I2-in.  40-lb.I't  will  be  taliafactory  Cor  the  lower  (rillace. 

niBittitive  Problem.— Seam  Rein/erctd  aitk  Flangt  Plain.— What  load  uniformly  diitributed  will  a  34-in. 
80-lb.  I-beam  carry  if  the  span  ia  40  It.  and  a  10  X  H-in.  cover  pUte  is  riveted  to  each  flanccT 

The  filat  Ihina  lo  determine  b  tha  bet  moment  of  inertia  about  ana  X-X  and  from  that  the  section  modulus 

eter  of  rivel— that  is,  H  in,  lor  ■  ^-in.  rivet, 

I  of  14-in,  WMb,  J.beam  -  8O8T.0 

lof.wol0XM-in.plate.-«M10KML*  -       o,«» 

(Area  ol  two  10  X  K-in,  plats)  (12.2S)>  -  1 500  825 

3S88.733 
Area  of  1  rivet  hole  -  (0.8T5K1.37)  -  1.30  sq.  in. 


Than  the  safe  load  which  this  section  ia  capable  of  aupporting  including  the  weifht  of  tha  girder  win  be 

'-^Cr* -"•-'■ 

niusUative  Problen. — A  Spamfrd  or  Wall  Qirder.— What  section  ot  wall  (Irder 
with  apan  oC  25  It.,  will  be  required  to  ratry  a  unilormly  diatributed  floor  load  of 
17,000  Ifa.  applied  trgm  one  aide  of  the  girder  only  and  in  addition  to  carry  a  wall 
lawlof4S,000  lb.  equally  diatributed  over  both  members  (Fig,  14}? 

The  member  on  the  aide  carryini  the  floor  load  should  be  deaicaad  to  cany  tbe 
floor  load  and  one-half  the  wall  load,  or 

M  -  '«■""'''"""  -  l,637,600in-lb. 
^'^  '<■  1,b; 


leoB 


A20-in.  OS-lklhasaseotionmoduliuof  117  and  is  therefore  select 

The  maximum  abear  ia  one-half  the  toad  or  20.500  lb,     Aa  the  ai 

<a5)  -  10  HI.  in,,  the  web  ia  good  (or  (10)  (10,000)  -  100,000  lb„  wl 
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The  m«mb«r  euryinc  one-half  ot  the  wall  only  or  24,000  lb.  will  have  a  moment  of 

M  .  (^>OOOK^>a^>  .  900.000  in..lb. 
900.000 

^  "  T6:ooo  "  ^-^ 

A  15-i&.  4a-lb.I  haa  a  section  mod  aloe  of  58.0  and  is  the  geotion  Mlected. 

The  maximum  shear  equals  one>half  the  load,  or  12,000  lb.  The  web  of  a  15-in.  42-Ib.  I  is  good  for  (15)  (0.41) 
(10.000)  -  61.500  lb. 

By  proportioning  members  in  a  double-beam  girder  by  this  method,  it  will  carry  the  loads  applied  most  directly 
to  the  members  in  the  moat  efficient  manner.     Separators  should  be  provided  as  specified  in  Art.  17. 

IDnatnitiTe  Problem. — A  DotMe4ay€r  Beam  Oirder. — ^What  load  uniformly  distributed  will  a  double-layer 
beam  girder  carry  which  is  composed  of  two  IS-in.  55-lb.  I-beams  and  has  a  span  of  50  ft.,  assuming  that  the 
member  is  properly  braced  laterally? 

The  first  step  is  to  find  the  inertia  of  the  combined  section  and  from  that  the  section  modulus  about  axis  x-x. 

I  of  the  two  beams      -  1501.2 
(31.86)  (9)*         -  2580.66 


Total  I  «  4171.86 

.       4171.86 

^ 18" 

Then  the  safe  earrying  eapaeity  is 


S  -  ^^^l^  -  231.77 


(231.77)(16.000)f8) 
(12)(fi0) 


-  49,444  lb.  Fig.  15. 


The  web  is  capable  of  taking  (36)  (0.46)  (10.000)  -  165.600  lb.  in  shear.     The  maximum  shear  on  the  girder 

is  but  ^^'^  -  24.722   lb. 

The  next  consideration  is  the  riveting  of  the  two  beams  together.  The  maximum  spacing  at  the  ends  of  beam 
should  be  such  that  there  would  be  sufficient  rivets  in  a  length  equal  to  the  depth  of  the  girder  to  take  the  hori- 
sontal  shear.  The  horisontal  shear  is  equal  in  intensity  to  the  vertical  shear  at  any  point  and  varies  from  a  maxi- 
mum at  the  ends  to  aero  at  the  center  of  the  span.  Since  the  maximum  shear  •»  24,722  lb.,  then  the  rivets  at  the 
ends  should  be  spaced,  assuming  two  lines  of  }i-\u.  diam.  rivets  with  an  allowable  shearing  stress  of  4420  lb.  per 
rivet. 

As  this  theoretical  rivet  spacing  is  not  practical,  the  girder  should  have  rivets  spaced  for  a  distance  at  the  ends 
equal  to  about  the  depth  of  girder  at  not  moie  than  3  in.  on  oenteis.  The  rivet  spacing  throughout  the  remainder 
of  the  girder  should  not  be  more  than  6  in.  on  centers. 

It  should  be  noted  that  the  section  modulus  of  this  girder  (231.77)  is  an  increase  of  31  %  over  the  same  two 
beams  if  they  were  placed  side  by  side. 

CAST-IRON  LINTELS 
Bt  Alfred  Wheeler  Robertb 

lintels  made  of  cast  iron  are  not  extensively  used  in  present-day  construction^  but  can  be 
used  to  good  advantage  on  certain  kinds  of  structures.  For  spanning  openings  where  a  flat 
soffit  is  desirable  and  no  plastering  is  needed,  and  also  for  use  over  store  fronts  where  cast-iron 
columns  are  employed,  lintels  of  cast  iron  make  a  good  practical  form  of  construction  and  can  be 
fluted  on  the  outside  face  or  otherwise  ornamented. 

On  account  of  the  many  chances  of  imperfections  in  a  casting,  such  as  blow  holes  and  cracks 
due  to  uneven  cooling  of  the  elementary  portions  of  the  lintel,  cast  iron  is  not  the  most  depend- 
able metal  to  be  used  in  an  important  structural  member.  In  any  piece  of  cast  iron  there  is 
always  an  internal  initial  stress  produced  during  the  process  of  cooling,  and  since  this  stress  is 
an  unknown  quantity,  it  can  only  be  assumed  as  being  counteracted  by  the  factor  of  safety 
allowed  in  choosing  the  working  stresses. 

Cast-iron  lintels  should  be  thoroughly  inspected  for  cracks  and  blow  holes  before  they  are 
painted,  as  these  defects  can  be  easily  hidden  by  filling  in  cracks  and  holes  and  painting  over 
them. 
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24.  General  Proportions. — The  width  of  the  bottom  flange  should  be  made  equal  to  the 
width  of  the  wall  that  is  to  be  carried,  or  if  it  is  desirable  or  necessary  to  fireproof  the  lintel,  it 
can  be  made  several  inches  less  than  the  wall  width  to  allow  for  the  fireproofing. 

The  web,  or  stem  as  it  is  sometimes  called,  should  be  made  deep  enough  to  prevent  a  deflec- 
tion which  would  cause  the  wall  to  crack  or  open  up  joints  in  the  brick  courses. 

When  the  bottom  flange  is  sufficiently  wide,  it  is  desirable  to  cast  brackets  at  the  center  of 
the  lintel,  as  shown  in  Fig.  16,  in  order  to  give  lateral  stiffness  to  the  lintel  and  brace  the  stem 
which  is  taking  compression. 

Lintels  with  two  or  three  webs  should  have  a  vertical  cross  piece  cast  at  each  end  connect- 
ing the  webs.     Where  lintels  are  to  be  used  over  more  than  one  span,  the  ends  of  abutting  linteb 

should  be  bolted  together. 

25.  Working  Stresses. — Cast  iron  to  resist  bend- 
ing in  compression  should  be  figured  at  16,000  lb.  per 
sq.  in.  at  the  extreme  fiber.     To  resist  bending  in 
tension  it  should  be  figured  at  3000  lb.  per  sq.  in.  at 
the  extreme  fiber.     The  shearing  stress  should  not  exceed  3000  lb.  per  sq.  in. 

26»  Form  of  Cross  Section. — The  cross  sections  commonly  used  for  cast-iron  lintels  are 
shown  in  Figs.  17,  18,  19,  and  20.  The  ideal  condition  in  designing  a  cast-iron  lintel  from  a 
strictly  theoretical  and  economical  standpoint  is  when  the  metal  in  compression  is  stressed  up  to 
the  same  proportion  of  the  allowable  stress  as  the  metal  in  tension.  This,  however,  is  veiy 
seldom  possible  due  to  local  conditions  generally  fixing  the  width  of  the  flange  and  the  span  fixing 
the  web  or  stem  depth.  The  ideal  condition,  also,  would  make  the  thickness  in  the  stem  metal 
vary  so  much  from  the  thickness  of  the  flange  metal,  that  there  would  be  the  tendency  for  the 
metal  to  crack  in  cooling  at  a  point  where  they  join  together.  It  is  therefore  advisable  to 
keep  the  metal  thicknesses  uniform  throughout. 


U  J_L  LU 


FiQ.  17.  Fig.  18.  Fia.  19.  Fio.  20. 

27.  Shear. — In  beveling  the  stem  of  a  lintel,  it  should  not  be  beveled  so  much  that  it  will 
not  allow  sufficient  web  area  at  the  edge  of  the  end  supports  to  take  the  shear.  The  outstanding 
legs  of  the  bottom  flange  should  not  be  considered  as  taking  the  end  shear. 

28.  Bending. — The  maximum  depth  of  the  lintel  need  only  be  maintained  as  far  as  it  is 
needed  to  take  the  maximum  bending  moment.  The  stem  can  be  beveled  toward  each  end  with- 
out impairing  the  strength  of  the  lintel,  as  shown  in  Fig.  16.  If  the  load  is  applied  as  a  uniform 
load,  the  bending  moment  will  vary  as  a  parabola  and  to  be  theoretically  correct  the  top  of  the 
stem  of  the  lintel  should  vary  as  a  parabolic  curve;  but  as  a  straight  bevel  is  more  simple  to 
cast,  it  can  be  made  so,  providing  the  stem  does  not  become  less  at  any  point  than  is  required 
to  give  the  proper  resistance  to  bending. 

29.  Loads  Supported. — In  determining  the  loads  imposed  on  lintels,  the  floor  loads,  if 
any  are  carried  on  the  wall  supported,  should  be  taken  into  account. 

If  the  wall  is  solid  with  no  window  openings  above  the  lintel,  the  wall  will  arch  and  carry 
a  great  deal  of  the  load  to  the  adjoining  wall  which  supports  the  lintel  without  engaging  the 
lintel.  The  portion  for  which  the  lintel  should  be  designed  would  be  a  triangle  whose  base  will 
be  the  span  of  the  opening  and  whose  height  will  be  one-half  of  the  span.  This  is  only  true 
when  the  adjoining  wall  is  sufficient  to  take  the  resultant  thrust  due  to  the  arch  effect. 

If  the  wall  over  the  lintel  has  window  openings  with  piers  resting  immediately  over  the 
lintel,  the  amount  of  wall  and  the  manner  in  which  it  is  delivered  to  the  lintel,  must  be  taken  into 
account. 

Each  individual  case  must  stand  on  its  own  merits  and  the  lintel  designed  accordingly. 
If  the  loads  are  underestimated,  it  will  cause  a  deflection  sufficient  to  crack  the  walls  and  create 
a  permanent  damage  to  the  building  which  would  be  hard  to  remedy. 
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XUastntiTe  Problem. — What  load  will  the  lintel  shown  in  Fig.  21  carry  on  a  12-ft.  span? 

The  location  of  the  neutral  axis  A-A  through  the  center  of  gravity  of  the  section  should  first  be  determined. 
To  do  this  take  momenta  of  the  areas  of  each  elementary  section  about  line  B-B  and  divide  by  the  total  area  of  the 
section  (aee  Sect.  1,  Art.  44): 

(7)(1)(3.6)  -    24.6 
(12)  (1)  (7.6)  -    90.0 


114.5 
10 


or 


114.6 
-  6.02  in.  below  line  B-B 

1.08  in.  above  line  C-C 


Havins  determined  the  location  of  the  neutral  axis,  the  next  step  is  to  determine  the  moment  of  inertia  (see  Sect. 
I.  Art.  61c): 


(1)(7)» 
12 

(12)(1)« 


-     28.68 


12 

(7)(2.52)«  - 

(12)(1.48)«  - 

I  - 

The  ■eetion  modulus  or  moment  of  resistance  of  the  pection 

100.31 


-      1.00 


44.45 

26.28 

100.31 


Then 


S  - 


W  - 


1.98     -«^«^- 
(50.66)(3000)(8) 


(fr)(12)(12) 
(8)  (3000) 


-  8443  lb. 


(12)(12) 

Tbeiefcwe  the  seetior  in  question  will  carry  8443  lb.  uniformly  distributed  ever  a  span  of  12  ft. 

lUttSlfmtiTe  Problem. — Determine  the  safe  uniform  load  that  the  lintel  shown  in  Fig.  22  is  capable  of  carrying 
on  a  span  of  10  ft. 

The  location  of  tne  neutral  axis  line  A-A  should  first  be  determined: 

(2)(7)(1)(3.6)  -    49 
(16)(n      (7.5)  -  120 

169 


160 
30 


or 


-  5.63  in.  below  line  B-B 
2.37  in.  above  line  C-C 


To  find  the  moment  of  inertia: 


(2)(1)(7)> 

12 
(16)(1)« 


«-■— f 


12 

(2)(7)(2.13)«   - 
(16)(1.87)'    - 

I    - 

5- 


67.16 


1.33 


63.42 
66.84 

177.76 
177.75 


Fig.  22. 


Then 


W  - 


2.37 

(75)(3000)(8) 
(10)(12) 


76- 


(TF)nO)(12) 
(8)  (3000) 

15.000  lb. 


Therefore  the  section  in  question  will  carry  16.000  lb.  uniformly  distrikuted  over  a  span  of  10  ft. 

It  should  be  noted  that  the  least  moment  of  resistance  or  section  modulus  is  obtained  by  investigating  the 
extreme  tension  fiber,  or  by  dividing  the  moment  of  inertia  by  the  distance  from  the  neutral  axis  to  the  bottom. 

The  bendinft  moments  of  lintels  should  be  figured  the  same  as  an}  other  beam  and  is  dependent  upon  the  way 
the  load  is  i4>plied  to  the  lintel. 

The  section  modulus  required  to  resist  a  bending  moment  in  tension  is  determined  by  dividing  the  moment 
in  ineh-pounds  by  3000  lb.  which  is  the  allowable  stress  on  the  extreme  fiber  in  tension. 

The  compression  side  of  an  ordinary  lintel  section  is  generally  much  stronger  than  required  and  therefore  does 
not  oeually  have  to  be  investigated.     The  question  of  shear,  however,  should  be  considered. 

30.  Table  of  Strength  of  Cast-iron  Lintels. — The  accompanying  table  gives  the  section 
modulus  of  various  lintel  sections  and  will  cover  most  any  requirement  for  the  usual  wall 
thicknesses.    Some  special  widths  may  be  determined  by  interpolation. 

The  position  of  the  stem  on  a  flange  does  not  alter  the  resistance  of  a  lintel  to  bending. 
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Use  in  Design  of  Cast-iron  Lintels 

Moment  of  Resistance  of  Various  Lintel  Sections 


lU 

JU 

1 

1 IJUL. 

lUU  JIJUL 

Thick- 

Mo- 

Thick- 

Mo- 

Thick- 

Mo- 

Flange 

Stem 

ness  of 

ment 

Flange 

Stem 

ness  of 

ment 

Flange 

Stem 

ness  of 

ment 

(inches) 

(inches) 

metal 

of  re- 

(inches) 

(inches) 

metal 

of  re- 

(inches) 

(inches) 

metal 

of  re- 

(inches) 

sistance 

(inches) 

sistance 

(inches) 

sistance 

H 

15.8 

H 

31.6 

H 

58.8 

6 

6 

1 

18.9 

12 

6 

1 

37.8 

24 

6 

1 

70  2 

m 

21.5 

IH 

43  0 

IK 

79.2 

H 

19.6 

H 

49.5 

H 

01.8 

8 

6 

1 

23.4 

12 

8 

1 

60.8 

24 

8 

1 

112.8 

IM 

26.4 

IH 

69.8 

IK 

130.2 

H 

25.0 

H 

58.0 

H 

127.7 

8 

7 

1 

30.3 

12 

10 

1 

72.2 

24 

10 

I 

150.5 

IH 

34.8 

IH 

83.8 

IK 

183.6 

H 

30.6 

H 

75.2 

H 

166.5 

8 

8 

1 

37.6 

12 

12 

1 

04.8 

24 

12 

1 

200.2 

IH 

43.4 

IH 

111.4 

IK 

247.6 

^ 

26.5 

H 

39.2 

H 

65.7 

12 

6 

1 

31.6 

16 

6 

1 

46.8 

28 

6 

1 

78.4 

IK 

34.8 

m 

52.8 

IK 

87.6 

H 

41.7 

H 

61.2 

K 

102.9 

12 

8 

1 

50.6 

16 

8 

1 

76.0 

28 

8 

1 

125.6 

m 

58.6 

m 

86.8 

IK 

146.4 

H 

58.0 

fi 

83.3 

K 

141.3 

12 

10 

1 

72.2 

16 

10 

1 

105.1 

28 

10 

1 

177.3 

m 

83.7 

m 

124.0 

IK 

207.7 

H 

75.2 

H 

110.8 

H 

186.0 

12 

12 

1 

94.8 

16 

12 

I 

139.9 

28 

12 

1 

234.7 

m 

111.4 

IH 

166.5 

IK 

277.9 

H 

47.2 

K 

73.7 

20 

6 

1 
IH 

55.0 
62.0 

32 

6 

1 
IK 

86.6 
96.8 

H 

72.5 

H 

114.2 

20 

8 

I 

89.4 
102.4 

32 
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IK 

140.0 
161.0 
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100.4 
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125.3 
146  8 
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IK 

197.5 
230  5 

H 

122.5 

K 

197.7 

20 
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1 

158.0 
189.4 

32 

12 
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IK 

252  8 
300  8 

H 

53.0 

K 

79.5 

24 
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1 

63.2 
69.6 

36 
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IK 

04.8 
104.4 

K 

83.4 

K 

125.1 

24 
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36 
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IK 
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24 

10 
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IK 

144.4 
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IK 
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IK 
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REINFORCED  CONCRETE  BEAMS  AND  SLABS 

By  W.  J.  Knight 


ZL  Flexure  Formulas. — ^Assumptions  as  a  basis  for  calculations: 

1.  Within  the  elastic  limit  of  the  steel,  a  plane  section  before  bending  remains  a  plane  after  bending. 

2.  The  unit  stresses  in  the  concrete  in  compression  vary  as  the  ordinates  to  a  straight  line. 
S.  No  tension  exists  in  the  concrete. 

4.  Within  the  elastic  limit  of  the  steel  the  adhesion  between  the  concrete  and  steel  is  perfect. 

5.  No  initial  stresses  exist  in  the  concrete  and  steel  due  to  the  concrete  setting  and  to  contraction  or  expansion 
from  temperature  variations. 

6.  Modulus  of  elasticity  of  concrete  is  constant. 

7.  Calculations  are  made  with  reference  to  working  stresses  and  safe  loads. 

Although  the  above  assumptions  are  not  in  exact  accordance  with  experimental  data,  they  are 
sufficiently  accurate  and  insure  simplicity  in  making  calculation.  The  formulas  follow 
(see  Fig.  23  and  Notation  in  Appendix  A): 

Poation  of  neutral  axis  

*  -  V2pn  +  (jm)«  -  jm 


(1) 


Ann  of  reaisting  couple 
Balanced  value  for  ratio  k 

Steel  ratio  for  balanced  reinforcement 


y-i-|t 


t- 


^  +  f, 


P  ■- 


H 


7:(nT.+o 


(4) 


Fzo.  28. 


or 


hd 


When  over-reinforeed,  the  resisting  moment  depends  on  the  concrete  and  its  value,  then,  is 

Af .  -  H  fckJibd*) 
or 

bd*  ■■  ■ — *  or  It  i"*- 

Mj        *'       kjbd* 

When  under-reinforeed,  the  resisting  moment  depends  on  the  steel  and  its  value,  then,  is 

M,  -  pA;(bd')  -  /,A^d 

or 

M .  M 


Unit  compressive  stress  in  concrete 
Unit  tensile  stress  in  steel 


hd*  -  -7-.»  or  /.  -    .   . . 


/. - 


2Af 

kjbd* 


2pf, 
k 


M 


n(l  -  Jfc) 


/. - 


A^d 


If  JT  ■■  i-|j*  then  the  value  of  X  in  terms  of  steel  stress  is 
In  terms  of  ooncrete  stress,  value  of  X  is 


(4A) 

(5) 
(5A) 

(6) 
(6A) 

(7) 

(8) 

(9) 
(10) 


Olnstimtive  Problem. — Find  the  values  of  p  and  k  so  that  a  beam  or  slab  will  be  of  equal  strength  in  tension 
and  compression.     Assume  /•  «  16,000,  fe  ■■  700  lb.  per  sq.  in.  and  n  «-  12. 
Substituting  values  in  (4) 


P  - 


16.000/    16.000 


-  0.00753 


"700~V(12)(700)  "^    ) 

'  k  -  V'(2)  (0.00763;  (12)  +  (0.00763)  «(1 2) «  -  (0.00763)  (12)  -  0.344 

With  this  combination  of  values  for  /«  and  Se  and  with  a  assumed  at  12,  the  ateel  (or  Af«)  will  control  in  any  case 
when  k  is  less  than  0i344  and  the  concrete  (or  JIf •)  will  control  when  k  is  greater  than  this  value. 
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When  Mb  controls  and  is  known  for  any  combination  of  unit  stresses,  the  resisting  moment 
Mm  can  be  found  for  any  other  combination  of  unit  stresses  (n  and  k  remaining  the  same)  by 
proportioning  the  two  values  of  /«  and  multiplying  the  known  value  of  il/«  by  the  proportional 
increase  or  decrease.    This  holds  true  when  the  steel  controls  in  any  two  cases. 

niuatratiTe  Problem. — A  4H-m.  slab  with  d  ^  ZH  in.,  A«-«  0.28  sq.  in.  per  foot  width,  p  -  0.0067  and  k  - 
0.358,  has  a  moment  il/«  -  13,810  in.-lb.^  when  /«  »  16,000,  /•  »  650  and  n  »  15.  Find  the  value  of  M»  by  pro- 
portioning tike  two  values  for  /•  for  the  same  member  when  the  limiting  streaaee  for  /«  and  /•  are  18,000  and  750 
respectively  and  n  «-  15.     The  proportion  that  /«  «-  18|000  is  greater  than  /«  »  16,000  is  , 

18,000  -  16,000       ,-_^ 

leSoo "  "-^^ 

The  resuting  moment  required  is 

M*  -  13,810  +  (0.125)  (13,810)  -  15.540  in.-lb. 

The  same  condition  applies  in  a  similar  manner  when  the  concrete  (or  Mt)  controls  for  any  two  combinations  of 
unit  stresses,  the  value  of  M»  for  one  being  known. 

Illustrative  Problem. — A  4-in.  slab  with  d  -  3  in..  At  -  0.29  sq.  in.  per  foot  width,  p  •■  0.0081,  k  —  0.385, 
i  -  0.872,  has  a  resisting  moment  Me  *  11.780,  when  /«  »  16,000,  /•  *  650  and  n  •-  15.  Find  the  value  of  Mt 
for  the  same  member  when  the  limiting  stresses  for  /«  and  /«  are  18,000  and  750  respectivdy,  and  n  ■-  15.  The 
proportion  that  /•  *  750  b  greatei  than  /•  «  650  is 

750-050       ,_  .  ^ 
—650-  "  ^**  ^' 
The  resisting  moment  required  is 

Mt  -  11,780  +  (11,780X0.154)  -  13,600  in.-lb. 
or 

M,  -  (K)(750)(0.385)(0.872)(12)(3)>  «  13,600  in.-lb. 

lUostrative  Problem. — Determine  whether  Jlf«  or  Af«  controls  in  a  rectangular  beam  when/*  -•  16,0(X),/«  ■-  800 
and  n  ■-  15,  assuming  steel  ratio  p  •-  0.0082,  from  which  k  "  0.387. 
St€el  ratio  for  balanced  reinforcement.  Formula  (4) 

hi 


16,000/    10.000 


800  V(15)(800)  "^  ) 


0.0107 


1  n  420 

*  -  ,  ,   16.000  -  ^''^      i-1--.^. 0.857 

"*"  (15)(8Q0) 

Knowing  k  to  have  a  value  of  0.429  for  equal'Stiength  in  tension  and  compression,  it  follows  that  M»  controls  for 
k  -  0.387. 

As  the  steel  area  At  or  steel  ratio  p  increases,  k  increases  and  j  decreases  (though  not  in 
the  same  ratio),  for  the  reason  that  as  the  percentage  of  steel  gets  larger,  the  neutral  axis  is 
lowered,  resulting  in  a  greater  numerical  value  for  k  (thus  lowering  the  neutral  plane)  and  a 
lessening  value  for  j  since  the  centroid  of  compressive  stress  is  lowered.  This  condition  will  be 
made  clear  by  application  of  formulas  and  reference  to  stress  diagram,  Fig.  23. 

The  flexure  formulas  can  be  applied  to  any  rectangular  member  in  an  existing  structure  for 
the  purpose  of  finding  the  safe  load  capacity,  or  to  any  rectangular  member  in  a  proposed  struc- 
ture, where  the  structural  sizes  are  to  be  established. 

Illustrative  Problem. — What  will  be  the  values  of  /•  and  /«  in  a  beam  12  X  18  in.  reinforced  with  three 
^-in.  rounds,  for  a  dear  span  of  15  ft.  0  in.  non-continuous  when  sustaining  a  total  load  of  14.000  lb.  d  ~  16  in. 
n  -  15. 

"  -  M  -  mm  '  ""^ 

k  -  V(2)(15)(0.0069)  +  (lS)>(0.00eS)<  -  (0.0009)(1S)  -  0.383 
i.t.O^.  0.879 

M  -  <J±5?2M15Hm  .  316.000  i«.-Ib. 

o 

Substituting  values  in  Formula  (7) 

.  (2)(315.000)  aAo^u   ^ 

^'  "  (0.363)(0.879)(12)(16)«  "  ^^  ^^'  ^  ■^-  "** 
Substituting  values  in  Formula  (8) 

-  315,000  MioAiMu 

^'  -  (1.33)(0.879)(16)  -  *®'^°  ^^'  ^  ■«•  "*• 
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OliMtnitiTe  Problem.-'A  reotangular  beam  30  ft.-O  in.  span,  non-oontinuous.  is  required  to  support  a  brick 
wall  18  in.  thick  and  12  ft  0  in.  liigh.  Find  the  depth  d  and  steel  area  Aa,  when  /a  >-  18,000  and  /•  ->  750.  for  equal 
strength  in  tenaion  and  oompreaBion.     The  width  b  is  fixed  to  conform  to  thiokneaa  of  brick  wall,     b  ■■  18  in. 

Brick  wall  load  <»  (30)  (12)  (180)  -  64.800 
Beam  load  assumed  -  (30)  (780)  -  23.400 


Total  load  88,200 

From  Formuln  (4),  for  balanced  reinforcement, 


M  -  (««.«»)(30)(12)  _  3  ^_^  i„  .,^, 

O 


»««* 


H 

^  "  18.000/    18.000  X   "  ^-^^ 

750    M15)(760)  "^    / 
From  Formula  (3) 

*  -  7— km:  '  ^•''''  ' "  """'^ 

^  (15)(750) 

Since  the  values  /•  and  /•  are  balanced,  substitute  in  eithei  Formula  (5A)  or  (6A).     From  Formula  (5A) 

M,  .2^        rf,  .  (2)(3.969.000)  ^  .  41  q  i„ 

^        SJcj'      "        (18)(760)(0.386)(0.872)*  **       ***'  *"* 

juit       M.        M       3.969.000 . 

'^  "  pAT       **    "  (18)(0.0080)(18.000)(0.872)*       ^  "  *^*'  "** 


or  from  CCA) 

From  Formula  (4 A) 


A,  -  (0.0080)(18)(41.9)  -  6.04  sq.  in. 
For  practieal  reasons  make  d  i-  42  in.  (see  Fig.  24). 

81a.  Use  of  Tables  and  Diagrams. — After  the  application  of  formulas  in  the 
design  of  rectangular  beams  and  solid  slabs  is  thoroughly  understood,  the  designer  should  resort 

to  the  use  of  tables  and  diagrams  such  as  illustrated  in  subsequent  pages.     Tabular  values  are 

M 

given  for  k  and  j  for  various  percentages  of  steel,  also  diagrams  giving  the  values  K  —  v-r,  for 

the  various  steel  and  concrete  stresses,  and  steel  ratios  p.  Using  these  tables  and  diagrams  will 
not  only  result  in  lessening  the  amount  of  work  and  time  involved,  but  will  reduce  to  a  minimum 
the  occasion  for  material  errors  when  making  calculations. 

$2.  Lengths  of  Beams  and  Slabs  Simply  Supported. — As  stated  by  the  Joint  Ck)mmittee, 
the  span  length  for  beams  and  slabs  simply  supported  should  be  taken  as  the  distance  from 
center  to  center  of  supports,  but  need  not  be  taken  to  exceed  the  clear  span  plus  the  depth  of 
beam  or  slab. 

88.  Shearing  Stresses  in  Reinforced  Concrete  Beams. — The  variation  in  shearing  stresses 
in  a  reinforced  beam  differs  from  that  in  a  homogeneous  beam,  due  to  the  concentration  of  ten- 
sile stress  in  the  steel.     In  Fig.  25  the  opposing  concrete  forces  acting 
c'  ij^i*    Bfr  ^    through  the  centroid  of  compression  are  represented  by  C  and  C  in  a  short 
^^  1     Yt       portion  of  a  beam,  where  V  represents  the  total  vertical  shear.     T  and  T' 
^^^^'■^'l    >j^      indicate  the  opposing  tensile  stresses.     1;  denotes  the  unit  horizontal  or 
^  ■11^^^  It  I*  ^   vertical  shearing  stress  at  any  point  between  the  steel  and  the  neutral  axis, 
J^       .  and  b  the  width  of  the  beam.     It  follows,  then,  since  the  tensile  and  compres- 

sive forces  are  in  equilibrium,  that  C  =  T%  and  C  ^  T.  The  total  hori- 
sontal  shearing  stress  upon  any  horizontal  plane,  immediately  above  the  steel  or  between  the 
steel  and  the  neutral  axis,  is  7'  -  7*.    Then 

r-  r 

fVom  equality  of  moments,  or  equilibrium  produced  by  the  various  couples, 

Vx  =  (r  -  T)jd 

Vx 
Sabetituting  the  value  of  7'  -  7*  =>  -t^  in  equation  (1),  there  follows: 

Vx  V 
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Equation  (2)  gives  the  intensity  of  shearing  stress  for  any  point  between  the  steel  and  the 
neutral  axis.  Since  the  value  of  j  varies  but  slightly  for  various  percentages  of  steel,  the  unit 
shearing  value  v  will  be  only  slightly  affected  if  the  average  ratio  j  —  ^  is  substituted  in  (2). 
Then 

Fig.  26  represents  the  law  of  variation  of  shearing  stress  on  a  vertical  crosssection.  The 
intensity  of  shearing  stress  at  any  point  between  the  steel  and  the  neutral  axis  is  the  same  where- 
as between  the  neutral  axis  and  the  extreme  fiber  of  compressive  face,  the  shear  variation  follows 

the  parabolic  law. 

For  all  practical  purposes  the  use  of  Formulas  (2;  or  (3)  can  be  relied 
upon  to  give  results  within  the  range  of  safety,  although  mathematical 
accuracy  to  a  degree  of  nicety  for  all  conditions  of  shear,  is  somewhat  lack- 
ing.  Like  other  designing  formulas,  experiments,  theory,  general  practice 
and  application  have  been  given  individual  consideration  in  the  determina- 
tion of  values  and  assumptions  so  as  to  avoid  unnecessary  complications  and  insure  simplicity. 
34.  Web  Reioforcement 

84a.  Action  of  Web  Reinforcement. — One  of  the  most  important  and  vital  con- 
siderations in  the  design  of  rectangular  or  T-beam  sections,  consists  in  providing  effective  web 
reinforcement  to  resist  diagonal  tension. 

The  analytical  treatment  of  diagonal  tension  in  homogeneous  beams  is  much  less  complex 
than  in  a  composite  structure.  Owing  to  the  complex  nature  of  web  stresses,  and  particularly 
diagonal  tensile  stresses,  recourse  is  had  to  a  more  simplified  or  convenient  method  of  stress 
determination,  by  assuming  a  vertical  plane  as  a  means  of  measuring  the  intensity  of  diagonal 
tension  at  any  section  of  a  member.  This  assumption  reduces  analytical  treatment  to  its  sim- 
plest form  and  hence  its  adoption  is  universal.  A  member  subjected  to  the  action  of  external 
forces,  develops  diagonal  tension  as  a  result  of  flexural  action.  After  the  concrete  has  reached 
its  limit  of  resistance  to  diagonal  tension,  failure  will  inevitably  occur  unless  vertical  stirrups  or 
bars  bent  up  at  approximately  45  deg.  are  introduced  in  the  proper  proportion  and  at  intervals 
sufficient  to  develop  their  purpose.  Unlike  other  formulas  recommended  for  the  designing  of 
concrete  members,  the  mere  fact  that  the  concrete  must  develop  diagonal  tension  at  the  initial 
loading  before  the  stirrups  or  bent  rods  have  any  material  value,  introduces  an  element  in  design 
heretofore  entirely  neglected  in  assumptions.  The  deformations  in  the  concrete  must  first 
take  place,  which  permits  of  little  stress  to  be  taken  by  the  stirrups  or  bent  rods. 

Due  to  the  many  complications  that  arise  from  stresses  produced  by  diagonal  tension,  which 
is  measured  in  terms  of  shearing  stress  on  a  vertical  plane,  a  complete  analysis  of  the  action  of 
web  reinforcement  does  not  seem  feasible,  therefore  more  or  less  empirical  formulas  and  methods 
have  been  adopted  in  general  practice.                                                              .  . 

What  is  commonly  termed  "shear"  is  greatest  at  the  support^ ± j 


and  is  equal  to  the  upward  reaction  or  }i  the  total  load  of  the    \\JA\J[l  j 

member,  when  uniformly  loaded.    This  may  be  termed  the  critical  T  "^        " 

section,  though  many  experiments  have  demonstrated  conclusively  ' 
that  failure  from  diagonal  tension  does  not  occur  immediately  at 

the  support.  The  appearance  of  failure  in  the  vicinity  of  the  support  and  not  directly  at  this 
point,  in  all  probability  is  caused  in  part  by  the  presence  of  vertical  compressive  stresses  arising 
from  the  reaction  of  the  support,  which  must  be  resisted,  and  no  doubt  serve  to  diminish  or 
neutralize,  to  some  extent,  the  principal  stresses.  Fig.  27  illustrates  in  a  general  way  the  con- 
ditions developed  by  diagonal  tension.  The  cracks  are  more  pronounced  and  inclined  near 
points  of  support,  and  originate  on  the  tension  side  of  the  beam.  The  function  of  the  stirrups 
or  bent  rods  is  simply  to  prevent  this  condition  and  render  the  structure  a  more  consistent 
unit  of  strength. 

In  simple  beams  it  will  be  found  most  advantageous  to  have  a  low  bond  stress  in  the  straight 
longitudinal  bars  at  the  ends  extending  into  the  supports,  or  else  hooks  should  be  provided  to 
give  efficient  anchorage  and  thus  obviate  any  chance  of  slipping  or  failure  from  this  source. 
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The  ends  of  all  etirrap  prongs  extendi]^  into  the  upper  face  of  beams  should  be  ^ven 
adequate  anchorage,  so  they  may  fully  develop  the  calculated  tensile  value. 

In  designii^  web  members  for  any  structure,  the  intimate  relationship  that  should  exist 
between  theory  and  application  should  be  constantly  borne  in  mind.  The  form  of  the  stirrup, 
and  the  logical  means  of  holding  the  stirrups  intact  during  the  severe  stages  of  disruption  prior 
to  and  during  concreting,  should  be  given  inseparable  consideration.  Such  considerations  are 
as  vit&]  to  the  construction  as  the  knowledge  of  knowing  how  to  proportion 
the  design. 

It  has  been  shown  by  experiments  that  the  combination  of  bent  rods  ~ 
and  stirrups  gives  the  best  results.  It  is  good  design  to  permit  the  stirrups 
to  develop  the  required  reeistajice  to  diagonal  tension  and  allow  the  bent^up 
rods  to  act  only  as  an  additional  safety  factor,  in  reducing  further  the  op- 
portunity for  failure.  The  spacing  of  stirrups  has  a  decided  influence  on  the  function  they 
afc  to  perform.  Referring  to  Fig.  2S,  it  is  reasonable  to  believe  that  since  diagonal  tension  at 
critical  sections  occurs  approximately  at  45  deg.  with  the  horiiontal,  stirrups  should  be  spaced 
at  such  intervals  as  to  effectually  counteract  this  tendency.  Experiments 
show  that  a  spacing  greater  than  H  ^he  depth  of  the  member  has  little  or 

In  considerii^  the  use  of  bent-iip  rods  in  conjunction  with  stirrups  to 
~  it  diagonal  tension,  it  will  be  well  to  note  the  limitations  and  difficulties 
_  a  the  arrangement  of  reinforcement  that  may  arise.     The  case  of  a  simple 

beam,  or  the  end  of  a  semi-continuous  member  bearing  in  a  wall,  exterior 
column  or  spandrel,  offeis  a  condition  most  favorable  to  the  use  of  stirrups  and  bent  rods  in 
combination  (Fig.  20).  In  any  event  one  or  more  rods  should  be  bent  up  into  the  top  of  the 
beam  as  shown,  to  prevent  the  appearance  of  cracks  where  t«nsile  stress  occurs  due  to  deflec- 
tion of  the  member  and  the  restrained  nature  of  bearing,  . 
The  resisting  moment  will  necessarily  control  the  1. 
number  and  location  of  bends.  The  straight  rods  re-  J 
maining  in  the  bottom  must  also  provide  sufficient  bond  I 
stress.  1^31 
The  difficulties  in  the  case  of  continuous  beams  in  P,g  ^ 
this  connection  are   numerous,  demanding  the  closest 

study  to  obtain  an  arrangement  that  will  fulfil  the  manifold  requirements  of  design  at  this 
particular  location,  where  the  many  important  opposing  stresses  will  not  permit  of  neglecting 
one  feature  of  design  for  the  accomplishment  of  another. 
To  illustrate,  refer  to  Fig.  30.  Should  it  be  assumed  that 
bent  rods  are  to  be  distributed  in  the  ends  of  continuous 
members  as  shown,  it  is  at  once  evident  to  the  experienced 
designer  that  complications  naturally  arise  if  consideration 
is  entertained  for  the  erector  and  the  economic  features 
of  practical  design.  First,  the  design  will  probably  require 
'  the  same  steel  area  A,  for  the  positive  and  negative  mo- 
ments, the  negative  stress  varying  from  a  maximum  at  the 
center  of  bearing,  to  zero  at  the  point  of  inflectiou.  This 
condition  of  negative  stress  demands  a  decreasing  steel 
area  proportionate  with  the  negative  moment  at  the  various 
points,  which  fact  will  preclude  the  bending  up  of  rods  a 
and  b  at  points  too  near  the  bearing.  Additional  rod  units 
similar  to  c  and  d  must  be  introduced  to  resist  the  diagonal 
tension,  the  ends  of  which  should  either  be  anchored  by 
means  of  hooka  or  else  the  lower  ends  must  bo  bent  horizontal  to  tap  the  straight  rods  in  the 
bottom.  During  erection,  if  spiral  columns  are  employed,  the  use  of  additional  rod  units  c 
and  d  will  present  great  annoyance,  for  the  rods  must  either  he  worked  through  the  interval 
between  spirals  or  the  upper  end  of  spiral  unit  must  be  forced  down  to  allow  adequate  clearance 
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between  the  two  layers  of  rods.  And  finally  the  rods  must  be  placed,  spaced  and  held  in  their 
respective  positions.  The  question  of  suitable  stirrups  and  bent  rods  to  resist  diagonal  tension 
necessarily  resolves  itself  into  the  intelligent  selection  of  units  that  can  be  installed  with 
accuracy  and  speed,  in  order  that  the  intention  of  the  design  may  not  be  entirely  defeated  at 
the  beginning  of  operations. 

Fig.  31  shows  the  forms  of  stirrups  mostly  used  in  the  average  design.  Types  d  and  e 
are  open  to  objection,  for  the  reason  they  are  most  difficult  to  install  in  the  case  of  continuous 
beams  where  top  and  bottom  steel  are  required. 

84&.  Practical  Consideration  in  Arrangement  of  Web  Members. — In  all  struc- 
tures for  practical  purposes,  stirrups  or  bent  rods  should  be  used,  whether  or  not  theoretical 
calculations  dictate  their  use.  The  exclusive  use  of  bent  rods  to  resist  diagonal  tension  in  con- 
tinuous beams  subjected  to  concentrated  loads,  and  even  for  uniform  loads,  occasions  many 
difficulties  for  the  designer  to  solve,  and  when  solutions  are  found  merely  from  the  standpoint 
of  theory,  the  erector  in  the  field  has  the  option  to  execute  the  design  as  a  whole  or  in  part,  de- 
pending entirely  upon  the  character  of  supervision.  The  most  effective  way  to  avoid  improper 
execution  is  to  have  constantly  in  mind  the  field  superintendent  or  foreman's  point  of  view,  and 
adopt  the  design  with  common-sense  intelligence,  so  that  it  can  be  carried  out  with  the  greatest 
degree  of  accuracy. 

The  most  predominant  disregard  of  accuracy,  during  the  erection  of  the  average  reinforced 
concrete  structure,  is  exercised  in  the  placing  of  loose  stirrups.  There  are  many  contributing 
causes.  Foremost  among  them  is  the  case  in  which  the  stirrups,  having  been  placed  and  spaced 
with  the  average  due  care,  are  given  the  responsibility  of  remaining  erect  and  spaced  without 
any  tangible  tie,  one  with  the  other,  to  prevent  subsequent  displacement  during  concreting  opera- 
tions. A  small  rod  K  in.  or  ^  in.  in  size,  as  illustrated  in  Mg.  31,  type  (a),  extending  from  one 
stirrup  to  the  other  for  the  full  length  of  member  and  tied  to  each  hook  by  means  of  small  wires, 
will  obviate  to  a  considerable  extent  the  tendency  of  the  stirrups  to  become  disarranged. 

There  is  certainly  little  consistency  in  design  and  practical  execution  when  stirrups  are  shown 
spaced  at  2,  3,  4,  5,  or  6-in.  intervals  and  then  through  the  fault  of  construction  methods  speci- 
fied, permit  of  a  wide  variation  from  this  spacing.  In  this  event,  theoretical  design  in  locating 
the  stirrups  is  simply  a  matter  of  form  and  useless  endeavor. 

84c.  Design  of  Web  Reinforcement — The  variation  in  shear  along  the  length 
of  a  uniformly  loaded  beam  is  shown  in  Fig.  32(a).  The  following  simple  graphical  method 
may  be  used  for  determining  the  stresses  and  spacing  of  stirrups: 

Let  f ,  the  total  unit  shearing  strees,  denote  the  height  of  triangle  in  Fig.  32(a),  * i  the  unit  shearing  atrem  to  be 
taken  by  the  concrete,  and  »-? i  the  remaining  shear  to  be  taken  by  the  steel.  Also  let  xi  denote  the  distance  in 
feet  from  the  support  to  the  point  beyond  which  no  stirrups  are  required. 

Now  the  total  unit  shearing  stress  is 

U) 


f  — 


hjd 


^^  i  i 


I  * 


JJL 


!!> 


-i 


t? 


or,  substituting  H  m  the  average  value  of  j, 

•  -  am  <»> 

The  distance  in  feet  from  the  support  to  the  point  beyond  which  no  •tirrupe 
are  needed  is 


XI  — 


2* 


'I 


or 


XI 


2-0--;) 

In  Fig.  32(a),  the  total  shear  to  be  taken  by  all  stirrups  in  one  end  of  a  beam 
is  indicated  by  the  triangle  with  the  height  *  — wi  and  base  xi  and  is  equal  to 


K.  -  (l^Ll}}^  (12) 


Fia.  32. 


(4) 


The  diameter  of  a  stirrup  without  any  prong  or  hook  should  not  exceed 

i  -   (2Afy  (5, 

The  minimum  spacing  of  stirrups  at  the  support  will  be 


9  — 


(»  -  fi)6 


(6) 
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1  H  then  tn  ■tirrup*  r«qaired,  lusti  thkt  no  apiwiiig  will  enwed  =■     The  santer  ol 
IE  the  u 

In  the  Kvemge  deeign  of  beams,  i^-  or  Ke-in.  etimipe  with  hooked  ends  are  lued  for  beams 
from  10  to  26  in.  deep,  ^e-  or  ?i-in.  stimipe  tor  beaniB  25  to  40  in.  deep  and  >^-in.  atimipe 
For  beams  40  to  60  in.  deep.  The  rise  of  Btimip  will,  of  course,  depend  on  the  iinit  etreaa 
/,  asBumed  and  the  epacing. 

In  the  design  d  Btirmpe,  vatioiu  unit  stresses  are  used  in  the  ateel  ranging  from  10,000  to 
1S,000  lb.  pel  aq.  in.  A  high  unit  stress  is  not  recommended,  when  considering  the  function 
which  Btirrupe  must  perform  in  a  rigid  member.  The  higher  the  stress,  the  more  the  elonga- 
tion when  the  member  ia  subjected  to  heavy  loads,  and  the  better  should  he  the  anchorage  to 
prevent  any  possibility  of  slipping.  A  unit  stress  for  steel  stimipe  of  10,000  to  12,000  lb.  per 
■<|.  in.  would  be  more  conaietent  with  good  practice. 

DLutratl**  ProUsm.— A  idmplr  lupported  b»ID  10  X  33  in.  bm  >  tot&l  unilarm  load  of  2000  lb.  per  lln 
ri.     TIh  ipui  ii  30  [t.     The  teuion   reinforetment  ii  2  in.   from  the  bnltnm.     Find  the  web  itdnlaiceniHit 
tA  nBiBt  diagonal  tcDflioii.  using  vcrtioal  U-flCimipa,  when  the  nllownble /■  *■  12,0001b.  mnd  ti  —  40  lb.     Mkiimum 
band  ati-eg*  allownd  >  -  80  lb.  per  (q  in. 
SubaUtutliv  in  (2) 

(IO)C2000)         20.000       ,„,. 
■  -  <10)(7/S)(M)  -  "iTT  -"*""*'  ">■  '"■ 
SulwtitutiDB  in  (3) 


K,  -  (11*  -  40mOKM9)  t,a,  _  2g_8,o,b. 

M-in,  round  Mi 
0.220e  iq.  in.    The  value 
-g^°  -  10.87  «tirru[i«.  or,  aay  11  atirrupa  required   for  ew:h  end.     The 
eloHst  Ipaabw  required  at  each  end  near  aupport  will  be 
(0.2208)  (12,000) 

'  "■  (11*  -  «o)(ioo  "    ■     "■■  "■      "■ 

A^Dming  tbla  theoretiaal  value  3.A0  in.  aa  the  d«eat  apaoing.  and  checklnj^ 
hack  with  diagram  Fig.  33(a1,  it  will  be  lound  that  the  total  ehear  taken  by 
firat  atirrup  ia  eQual  U 


(74  +  70),, 


which  h  praotieally  the  aame  aa  the  Talue  earned  to  each  atirrup.  Tbe  atirrupa  Indicated  In  Fig.  33(a)  h&ve 
been  projeeted  from  equal  areea  in  diagrani  Fig.  33  lb)  and  apaoing  noted  leoordingly.  One  adifitional  atirrup  ia 
uaad  oTer  requirementa  on  aecount  of  apaeing  btAng  limited  to  s  w  1<3  In. 

The  above  method  of  finding  the  correct  spacing  of  Btirrupe  for  a  uniformly  loaded  member, 
as  well  as  any  other  proposed  or  suggested  method  not  mentioned,  entails  considerable  work  and 
delay  when  it  is  considered  that  some  buildings  require  a  hundred  or  more  different  designs  of 
beams,  and  consequently  is  objectionable.  In  view  of  practical  circumstances  involving  con- 
ditions that  do  not  justify  the  spacing  of  stimipe  to  the  exact  inch,  the  folIowiDg  method  will 
give  satisfactory  results  on  the  side  of  safety: 

First  Bud  the  value  o[  •  by  Formula  (3)  ud  then  the  diatanca  xi  beyond  whieh  atimipa  are  not  need*d  by 
Formula  (3).     The  total  afanr  Vi  Co  be  Uken  by  atirrupa.  repreecnted  by  the  triangle  of  baae  x,  and  height  >-i>,, 
can  then  be  found  by  gubctituting  in  Formula  (4).   The  total  number  ol  atirrupa  required  for  Ti  will  be  -r-y-    The 
atirrup  apaciog  at  the  orltie«l  pcdnt  near  bearing  trill  be,  aaauming  a  given  aiae  of  atirrup, 
_       ■*■/' 
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of  on%  Jialf  the  effective  depth  of  the  beam.     Oh  account  of  the  minimum  spacins  of  „  it  may  be  neceeaary  to  add 

one  or  more  Btamips  to  meet  this  limitation. 

niaBtratiTe  ProUem. — Assume  the  same  oonditions  as  in  the  preceding  problem,  when  ?  >  114,  xi  •-  6.40, 
Vi  ~  28,810,  the  total  number  of  stirrups  11,  and  the  minimum  spacing  «  «  3.50  in. 

With  the  above  oonditions  known,  the  approximate  spacing  can  be  ascertained  st  once,  or  3  stirrups  at  4  in., 
2  at  5  in.,  2  at  7  in.,  3  at  0  in.,  and  2  at  10  in.  The  total  of  these  spaeings  is  83  in.  or  slightly  more  than  78  in., 
the  value  of  xt,  which  will  be  satisfactory. 

lUastrative  ProUem. — Assume  the  same  beam  in  previous  problem  but  with  a  concentrated  load  at  the  center 
of  40,000  lb.  instead  of  a  uniform  load  toUUing  40.000  lb. 

The  reaction  at  esch  end  will  be  20,000  lb.  The  value  of  «  -  114  lb.  per  sq.  in.  will  be  the  same,  but  the  in- 
tensity of  shear  is  constant  at  all  points  between  the  center  and  the  bearing,  hence  xi  ~  10.00  ft.  and 

Vi  -  (114-40)(10)(10)(12)  -  88,8001b. 

The  value  of  one  H-in<  U-stirrup  at  12,000  was  found  to  be  2050.  Thus 
the  number  of  these  stirrups  required  equally  spaoed  from  the  center  to 
each  bearing  is 

88.800       -. 

"2660   "  "** 
Since  I  »  240  in.,  the  stirrup  spacing  required  is 

240 
68 
This  spacing  is  too  close. 

Assuming  a  Hs-in«  stirrup,  A»  will  have  a  value  equal  to 

(0.1503)(2)(12,000)  -  3600  lb. 


f^JIflO^Of- A\ 

-  "  i  I  i  - 1 '  I ' '  ■  -  M  I  r  •  '^ ' '  'r"^ 


-  3.6  in. 


T 


Fio.  34. 
or  number  required  is 


240 


88.800 
3600 


-  25 


The  spacing  will  then  be  —^  —  5  in.  (approz.),  which  is  satisfactory.     Using  a  5-in.  spacing  and  referring  to 

diagram  Fig.  34,  the  stress  in  one  stirrup  will  be  (5)(74)(10)  ~  3700  lb.  or  slightly  more  than  the  tensile  value 
assumed  for  each  stirrup. 

84d.  Bent  Bars  for  Web   Reinforcement. — The   following  simple   graphical 
method  may  be  used  in  important  cases  for  determining  the  stress  or  spacing  of  bent  bars: 

Assume  a  beam  10  X  20  in.,  20-ft.  span,  uniformly  loaded,  with  x  ■■  100  lb.  The  bent-up  rod  nearest  the 
support  is  assumed  to  be  a  ^-in.  round,  and  the  other  bent  rod  a  ^-in.  round,  both  rods  being  bent  at  45  deg. 
Find  the  stress  in  each  rod.  Assume  vi  ~  40  lb.  The  following  method  will  make  dear  the  principles  invcdved: 
Referring  to  Fig.  35(a),  project  the  axis  AB  upon  an  axis  AC  at  45-deg.  inclination  and  lay  off  «  -■  100,  vi  i-  40, 
snd  p-91  ~  60.  Then  the  ordi nates  between  BC  and  BD  will  represent  the  shearing  stress  ?  along  one-half  of  the 
beam.  The  srea  between  any  two  ordinates  like  DD*  and  BE*  multioUed  by  the  width  h  of  beam  will  equal  the 
product  of  the  total  average  shear  over  the  length  l\  multiplied  by  the  projection  of  this  length  on  the  inclined  axis 
BC.    In  diagram  FSg.  35(a),  the  stress  taken  by  the  H-in.  rod  will  be 

r60  +  44' 


(°"^")(14.5)(10)  «  75401b. 


The  area  of  a  yi-m.  round  is  0.60  sq.  m. 

7540 

fTT^  ■"  12,560  lb.  per  aq.  in. 

This  value  is  not  too  high  if  stirrups  are  also  used,  which  in  this 
case  are  neglected.    The  stress  in  the  M-in.  rod  will  be 

(^i^)(9.6)(10) 


t- _..._. .J —  S'lO'o''- 


aW^^ 


2 

3700 
0.44 


3700  lb. 


orOC. 


~  8410  lb.  per  sq.  in. 


In  Fig.  35(6),  the  stress  taken  by  the  H-in.  round  will  be 
(35_±«)  (20.5X10) 


V2 
or  unit  stress  in  one  ^-in.  round  is 

10.660 


10.660 
1.4142 


-  7540  lb. 


/.  - 


(0.60)  (\/2) 


"■  12,560  lb.  per  sq.  in. 


Fig.  35w 


36.  Bond  Stress. — The  development  of  proper  bond  stress  between  the  steel  and  the 
concrete  at  all  points  in  the  design  of  a  member,  should  receive  careful  attention.  For  simple 
beams  with  loads  distributed  as  in  Figs.  36,  37  and  38,  positive  moments  are  developed  which 
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begin  immediately  at  the  points  of  supports.  This  at  once  suggests  a  pull  in  the  straight  rods 
at  the  supports;  the  required  intensity  of  which  must  be  developed  through  adhesion  of  the 
ctmcrete  to  the  steel. 

In  the  case  of  continuous  beams,  Fig.  39,  the  straight  rods  of  end  spans  bearing  in  wall, 
spandrel  or  ooltunn,  should  be  investigated  to  ascertain  the  pull  in  the  rods  at  this  point.  In 
the  case  of  continuous  ends  of  beams  the  character  of  stress  is  compressive,  by  reason  of  canti- 
lever action  at  this  point,  though  the  increment  of  stress  is  of  the  same  sign.  In  the  design 
of  practical  structures  there  are  comparatively  few  designs  executed  in  the  past,  which  have 
givrai  serious  consideration  to  the  development  of  the  proper  theoretical  bond  stress  for  the 
ends  of  rods  in  the  compressive  side  of  continuous  beams  at  supports.  Yet  comparatively 
few  failures  have  been  recorded  due  to  this  source  of  seeming  weakness. 

If  the  safe  adhesion  or  bond  stress  per  square  inch  of  bar  surface  exceeds  that  prescribed 
by  the  best  practice,  then  the  ends  of  rods  in  the  case  of  pulling  stress  should  be  hooked  as  in 
Kg.  29.  In  designing  a  member  it  follows  that  the  higher  the  unit  stresses  assigned  to  steel 
in  tension,  the  smaller  will  be  the  rods  or  sectional  area  at  this  critical  point  and  hence  the  sur- 
face of  bars  available  for  adhesion  will  be  reduced.  Deformed  rods  afford  a  suitable  means  of 
increasing  bond  resistance,  but  in  many  instances  the  resistance  offered  will  not  be  sufficient 
to  fully  conform  to  requirements  of  design  and  prevent  initial  slip  under  working  conditions. 
It  has  been  noted  that  one  of  the  fundamental  assumptions  in  the  theory  of  design  consists  in 
having  perfect  adhesion  between  the  steel  and  concrete  at  all  points  within  the  elastic  limit  of  the 
steel. 

Theoretical  results  show  that  bond  stress  is  a  simple  function  of  shear  and  varies  with  the 
shear.  Figs.  36,  37,  38  and  39  show  some  of  the  conditions  of  moment  and  shear  for  different 
loadings.     In  Fig.  36  the  value  of  bond  stress  is  zero  at  the  center  and  increases  uniformly 
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FxG.  36.  Fig.  87.  Fxa.  38.  Fxo.  39. 

to  a  maximum  at  the  supports.     In  Fig.  38  the  bond  stress  is  uniform  from  concentrated  load  to 
supports.     Fig.  37  shows  the  same  intensity  of  bond  stress  from  points  of  loading  to  supports. 

In  proportioning  members  to  resist  bond  stress  it  should  be  remembered  that  any  slipping 
of  the  bars  increases  at  once  the  deformation  of  the  concrete  and  hence  emphasizes  the  chance 
of  failure  by  increasing  the  tension  in  the  concrete. 

Referring  to  Fig.  25,  Art.  33,  the  shearing  stress  per  linear  inch  over  a  distance  x  is 

T'  -  T 

But 

or  the  bond  stress  per  linear  inch  is 

T'  -  T  ^V 

X  id 

V 
The  bond  stress  per  square  inch  developed  by  the  surface  of  steel  bars  is  -:-,  divided  by  the  sum 

in  inches  of  aU  the  perimeters  of  the  bars  at  a  given  cross  section.     If  So  =  the  sum  of  perimeters 
of  all  bars  in  a  member,  and  u  the  bond  stress  per  square  inch,  then 

V 

In  other  terms,  the  unit  bond  stress  is  simply  the  reaction  in  pounds  divided  by  the  sum  of 
bar  perimeteis  in  inches  multiplied  by  the  lever  arm.  In  the  above  formula,  j  =  J^  may  be  used 
as  the  average  value. 


X 
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The  Joint  Committee  recommendB  in  case  of  plain  bars  a  unit  bond  stress  between  steel 
and  concrete  equal  to  4%  of  the  compressive  strength  of  concrete  and  5%  in  case  of  deformed 
bars.  For  a  1-2-4  gravel  or  hard  limestone  concrete  with  compressive  value  of  2000  lb.  per  sq. 
in.,  the  working  value  of  80  lb.  for  plain  and  100  lb.  for  deformed  bars  are  the  values  recommended. 

When  the  web  reinforcement  consists  of  a  combination  of  bent  bars  and  stirrups,  tests  of 
freely-supported  rectangular  and  T-beam  sections,  indicate  a  greater  reduction  of  bond  stress 
than  in  the  case  of  beams  with  stirrups,  and  beams  with  only  straight  longitudinal  bars.  Judg- 
ing from  the  results  of  tests  it  will  be  conservative  to  assume  a  bond  stress  of  IK  times  the  above 
working  values  when  members  are  thoroughly  reinforced  with  stirrups  and  two  or  more  bent 
rods,  bent  at  intervals  not  to.  exceed  the  effective  depth  of  the  member  and  preferably  less. 
The  combination  of  bent  bars  and  stirrups  can  be  readily  adapted  at  the  ends  of  simple  beams 
and  end  bearings  of  continuous  beams,  where  all  the  tension  bars  are  not  required  in  the  bottom. 

ninstnttiTe  Problem. — A  simply  supported  beam  with  span  of  18  ft.  requires  a  section  10  in.  wide,  effectiTe 
depth  d  •-  18  in.,  and  reinforoement  three  H-in.  rounds  straight  and  two  K-ii><  rounds  bent,  to  support  a  total 
uniform  load  of  800  lb.  per  lin.  ft.  when  steel  and  concrete  are  of  equal  strength — the  controlling  values  being /«m 
16,000,  /«  -  750,  n  -  15,  tt  -  80,  91  -  40.     Find  the  bond  stress  in  the  straight  longitudinal  rods. 

The  reaction  is  equal  to 

(890)  (0)  -  8010  lb. 

The  perimeters  of  three  ^-in.  rounds  will  be 

(3)(1.964)  -  5.892  sq.  in. 

Substituting  in  formula 

V  8010  ,. 

""   (Zo)(7/8)(d)  "  (6.892)(7/8)(18)  "  »«»»>•  P«'«>-  ""• 

•  -  (10)(7/8)(18)    "  "  ***•  ^'  ■^-  *"• 

If  the  bent  rods  are  not  considered  to  resist  diagonal  tension,  and  since  in  any  event  stirrups  are  recommended, 
the  value  v  —  86  lb.  for  plain  or  deformed  bars  is  entirely  conservative. 

In  comparing  rectangular  and  T-beam  sections  it  will  be  found  that  the  investigation  of 
bond  stress  for  the  latter  will  always  be  of  greater  importance  than  in  the  former  case,  for 
the  reason  that  the  required  section  for  rectangular  beams  is  proportioned  for  limiting  values 
assigned  to/e,  whereas  for  T-beams  the  necessary  section  for  shear  is  of  fundamental  importance. 
Hence  the  shear  in  the  former  ease  will  usually  be  much  less  per  square  inch  than  in  the  latter 
case.  Bond  stress  being  a  function  of  shear,  the  member  having  the  greatest  shearing  stress 
should  be  given  especial  attention. 

36.  Spacing  of  Reinforcement  and  Fire  Protection. — ^The  spacing  of  rods  particularly  in 
beams  is  a  matter  of  great  importance  in  the  design  of  concrete  structures.  The  location  of 
beam  and  slab  rods  involves  the  following  considerations: 

1.  The  longitudinal  bars  should  be  spaced  far  enough  apart  to  develop  the  required  adhesion  between  concrete 
and  steel. 

2.  A  clear  space  between  the  bars  should  be  allowed  to  permit  the  larger  aggregates  to  pass  between  and 
around  each  bar. 

3.  A  protective  coating  of  concrete  of  adequate  thickness  should  be  provided  for  all  bars,  to  insure  fireproof nesa 
in  the  event  of  fire. 

The  bond  stress  determines  the  theoretical  clear  interval  between  beam  bars,  but  under 
no  circumstances  should  this  interval  be  equal  to  or  less  than  the  size  of  aggregate  used.  It 
is  advisable  to  use  a  clear  spacing  of  not  less  than  IH  in.  in  any  case  as  the  larger  sizes  of  gravel 
and  limestone  aggregate  will  range  from  ^  in.  to  13^  in.  It  is  good  practice  to  use  a  clear 
spacing  of  IH  to  3  times  the  diameter  of  bar  used  in  the  design,  provided  this  spacing  is  not  less 
than  13^  in.  The  clear  spacing  between  the  two  layers  of  bars  likewise  should  not  be  less  than 
1^  in.  for  practical  reasons  mentioned. 

Concrete  is  incombustible  and  has  a  low  rate  of  heat  conductivity  which  makes  the  material 
highly  efficient  for  fireproofing  purposes.  The  fire  resisting  properties  of  concrete,  however, 
are  of  little  avail  if  the  reinforcement  is  permitted  to  approach  too  near  the  exposed  surfaces. 
The  thickness  of  protective  coating  for  ordinary  purposes  of  design  should  be  the  greatest  in 
the  case  of  beams  and  girders  which  are  in  the  event  of  fire,  subjected  to  the  most  intense  heat 
Slabs  or  flat  surfaces  require  less  protection  for  the  steel  for  obvious  reasons. 
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It  appears  from  past  practice  and  fire  tests,  that  a  nunimum  protection  of  2  in.  for  the 
steel  in  beams  and  girders,  and  1  in.  for  the  steel  in  slabs,  are  conservative  allowances. 

Another  form  of  abuse  practiced  in  the  construction  of  fireproof  buildings,  in  the  majority 
of  buildings  constructed,  is  the  total  lack  of  proper  care  taken  in  the  supporting  and  spacing 
of  individual  bars  in  beams  and  slabs.  It  is  an  illogical  procedure  to  specify  a  certain  spacing  of 
bars  and  a  minimum  protective  coating,  and  then  expect  the  erector  to  execute  the  plans  and 
details,  without  some  specified  means  of  accomplishing  this  purpose.  It  is  hardly  possible  to 
maintain  a  given  spacing  for  bars  or  to  support  the  bars  the  required  distance  from  the  falsework 
without  the  use  of  some  definite  device  made  for  the  purpose.  Formulas  and  details  may  be 
developed  to  a  nicety  but  if  the  practical  means  of  accomplishing  the  design  are  neglected, 
it  is  simply  an  invitation  for  poor  workmanship,  lax  methods,  and  inefficient  execution.  As  a 
consequence  the  advantages  of  correct  design  are  overcome  and  the  strength  of  the  structure 
is  impaired  by  materially  reducing  the  factor  of  safety. 

Rods  in  beams  bunched  together  cannot  possibly  give  the  proper  resistance  to  bond  stress, 
and  results  in  a  source  of  weakness  highly  undesirable.  If  some  mechanical  device  or  devices 
could  be  generally  employed  by  engineers,  that  would  serve  the  purpose  of  minimizing  the 
occurrence  of  improper  workmanship,  somewhat  higher  working  stresses  than  now  assumed 
could  be  consistently  used  with  a  greater  degree  of  satisfaction. 

87.  Rectangular  Beams  Reinforced  for  Compression. — It  is  more  economical  to  use 
rectangular  beams  without  top  reinforcement  if  the  limitations  of  design  will  permit.  Only 
in  isolated  cases  does  it  become  necessary  to  use  beams  of  this 
character.  Beams  enclosing  elevator  openings,  stair  wells,  or 
those  deprived  of  T  action  with  limited  depth,  by  reason  of 
openings  at  the  section  of  greatest  moment,  sometimes  require 
reinforcement  in  the  top  as  well  as  in  the  bottom,  to  give  equal 
tensile  and  compressive  resistance. 

The  action  in  the  top  of  a  beam  reinforced  for  compression  may  be  compared  with  that 
of  a  column.  In  the  latter  case  the  rods  under  stress  are  prevented  from  failure  along  the  line 
of  least  resistance  by  the  use  of  bands  or  hooping  spaced  at  the  proper  intervals.  The  longi- 
tudinal rods  of  the  column  are  placed  in  the  comers  or  where  the  bands  change  direction  and 
not  at  intermediate  points  where  bending  would  be  produced  in  the  length  of  the  band. 

The  same  reasoning  may  be  applied  to  that  of  compressive  reinforcement  in  beams.  Where 
only  two  rods  are  used,  inverted  U-stirrups  will  prove  most  effective  in  anchoring  the  rods 
into  the  body  of  the  member,  as  shown  in  Fig.  40.  Where  three  or  more  rods  are  required, 
this  form  of  stirrup  cannot  be  entirely  effective,  due  to  the  fact  that  bending  moment  is  produced 
in  the  straight  portion  of  stirrup  when  the  intermediate  rods  are  in  compression.  A  form  of 
stirrup  shown  in  Fig.  41  would  no  doubt  give  greater  resistance  to  compressive  stress,  though 
the  effective  distance  between  the  top  and  bottom  steel  will  be  slightly  lessened.  In  important 
members  spiral  reinforcement  has  often  been  used  in  connection  with  compressive  reinforce- 
ment with  the  most  satisfactory  results,  Fig.  42. 

The  Joint  Committee  recommends  that  top  re- 
inforcement for  positive  bending  moment  should  not 
exceed  1  %  of  the  sectional  area  of  the  concrete. 

The  same  fundamental  principles  given  for  beams  re- 
inforced for  tension  only  apply  to  double  reinforced  beams. 
The  tension  in  the  concrete  is  neglected  and  the  com- 
pression in 'the  concrete  is  assumed  to  follow  the  linear 

law  of  variation.     Hence  the  formulas  apply  to  working  conditions  only. 

A' 

Let  i/  ■■  ratio  of  cross  section  of  steel  in  compression  to  cross  section  of  beam  above  the  tensilesteel  -  -—-• 
f*9  ■•  compressive  unit  stress  in  steel. 
OUier  notations  are  given  in  Fig.  43. 


Fig.  43. 


^2n  (p  +  p'*^)  +  nHp  +  P')«  -  nip  +  p') 
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*  ■  i~TX  iiA) 

*'"        A^d       piM«  ^*' 

31,  -  /.p/M*  (7) 

The  formulas  given  for  rectangular  beams  reinforced  for  tension  only,  which  determine  the 
shear  &,  bond  stress  u,  and  web  reinforcement,  are  the  same  for  double  reinforced  beams.  In 
finding  these  values  j  may  be  assumed  to  have  an  average  value  of  0.85. 

87a.  Formulas  for  Determining  Percentages  of  Steel  in  Double  Reinforced 
Rectangular  Beams. ^ — For  any  given  values  of  /«  and/.,  h  has  identically  the  same  value,  irre- 
spective of  shape  or  type  of  member.  The  formulas  given  below  are  based  on  this  fundamental 
fact.    The  value  of  k  for  all  beams  is  expressed  by  the  formula 

1 


k  « 


If  the  extreme  fiber  stresses  are  not  changed  by  the  addition  of  steel  to  the  section,  it  follows 
that  the  added  tensile  and  compressive  steel  must  form  a  balanced  couple,  with  unit  stresses 
conforming  to  the  stresses  already  in  the  section. 

Let     pi  ~  steel  ratio  for  the  beam  without  compressive  steel. 
Pi  ~  steel  ratio  for  the  added  tensional  steel. 

P  —  Pi  +  pi. 

p*  M  steel  ratio  for  oompressive  steel. 
Ml  ~  moment  of  the  beam  without  compressive  steel. 
Afs  o  moment  of  the  added  steel  couple. 
If  -  Af  1  +  Afs. 
Then 

nft 
Pi  -^1  (2) 

Afi  -/.Pi(l  -|)W«  (3) 

Mt"  M  -  Ml  (4) 

Aft 


/.(i-i)w. 


P  -  Pi  +  Pi  (•) 

^■"^T-^  (7) 

d 

nittStratiTe  Problem. — In  a  double  reinforced  beam  the  bending  moment  is  950.000  tn.-lb.     Praotical  con- 
ditions limit  the  size  of  the  beam  to  b  ^  14  in.  and  d  <>  20  in.     Find  the  required  steel  percentages  for  tension 

if        2 
and  compression.    J  ~  20  "  ^'^^'     ^^^^  Table  3.  lb  -  0.385,  pi  -  0.008.     K  -  125.74.  when  /«  «  18,000. 

/•  -  750  and  n  -  15. 

Ml  -  (18,000) (0.008)  (1  -  5^)(14)(20)«  -  703,000  in. -lb. 

1  Taken  from  thesis  by  Robert  8.  Beard  submitted  to  University  of  Kansas  in  partial  fulfillment  of  the  re- 
quirements for  the  Master's  Degree. 
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or.  If  1  may  b«  obtained  from  formula  Mi  •-  Kbd* 

Mt  -  960.000  -  703,000  -  247,000  in.4b. 

247.000  000272 

^  "  18,000(1  -  0.10)(14)(20)«  " 
p  -  0.008  +  0.00272  -  0.01072 

Steel  for  eomprearon  A'  -  (0.00687)(14)(20)  -  1.644  sq.  io. 

Steel  for  tension  A.  -  (0.01072) (11)  (20)  -  3.002  sq.  in. 

For  all  practical  purposes  this  problem  can  be  solved  by  the  following  simple  method  of  reasoning: 
1.  To  Find  the  Area  A*. — The  oentroid  of  compressiTe  area  of  the  concrete  from  the  top  of  the  beam  is 

kd      (0.385)(20) 


3  3 

Henc«,  if  d'  i-  2  in.,  the  average  lever  arm  is 


-  2.57  in. 


20  -  <'  +/"'  -  17.71  in. 

.  050,000  --- 

^*  "  (17.7i)(18,000)  ■  ^-^  •^-  *"• 
2.  To  Find  the  Area  Required  for  Compreeeiee  Steel. — The  concrete  in  compression  alone  will  sustain  a  moment  of 

Ml  -  Kbd»  -  703.000  in.-lb. 

The  steel  for  oompression  must  take  the  differenoe,  or 

050,000  -  703,000  -  247,000  in.-lb. 
kd  -  (0.385)  (20)  -  7.70  in. 

The  extreme  fiber  stress  in  the  concrete  is  750.    At  2  in.  from  the  top  the  compressive  stress  is 

r750> 


760  -    (^)(2)  -  554  lb.  per  sq.  in. 


„  .,  247.000  ,  -.         . 

"~~  ^    -  (16)(564)(18)  -  >••"  '^-  '"• 

The  analysis  of  the  sbove  problem  illustrates  that  slmost  identical  results  may  be  obtained  through  simple  resson- 

ing  and  is  done  to  show  the  value  of  adopting,  when  possible,  methods  of  calculation  which  can  be  more  thoroughly 

oomprehended,  and  which  may  further  elucidste  the  principles  involved  in  the  derivation  of  formulas. 

38.  Moments  Assumed  in  the  Design  of  Continuous  Beams  and  Slabs. — The  Joint  Com- 
mittee recommends  the  following  rules  for  computing  the  positive  and  negative  moments  in 
beams  and  slabs  continuous  over  several  supports  due  to  uniformly  distributed  loads: 

1.  For  floor  slabs,  the  bending  moments  at  center  and  at  support  should  be  taken  at  -j^  'or  both  dead  and 

live  loads,  where  10  represents  the  load  per  linear  unit  and  I  the  span  length. 

wl* 

2.  For  beams,  the  bending  moment  at  center  and  at  support  for  interior  spans  should  be  taken  at  -r;^  and 

for  end  spans  it  should  be  taken  at  jjr  for  center  and  interior  support,  for  both  dead  and  live  loads. 

3.  In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  with  their  ends  restrained,  the  bending 

wl* 
moment  both  at  the  central  support  and  near  the  middle  of  the  span  should  be  taken  as  -r-^- 

4.  At  the  ends  of  continuous  beams,  the  amount  of  negative  moment  which  will  be  developed  in  the  beam  will 

depend  on  the  condition  of  restraint  or  fixedness,  and  this  will  depend  on  the  form  of  construction  used.     In  the 

gtol* 
ordinary  cases  a  moment  01  — —  Qn^y  \^  taken;  for  small  beams  running  into  heavy  columns  this  should  be  increased, 

it/*  16 

but  not  to  exceed  ^n* 

The  above  rules  apply  to  beams  uniformly  loaded  and  do  not  apply  to  members  when  one 
span  is  considerably  longer  than  the  other. 

Since  a  concentrated  load  at  the  center  of  a  beam  or  girder  will  produce  a  moment  twice 
as  neat  as  the  same  load  uniformly  distributed,  the  moment  for  such  members  continuous  over 

wl* 
several  supports  may  be  taken  as  -»-  and  for  end  spans  with  ends  restrained  and  continuous 

wl* 
over  one  support,  the  moment  may  be  taken  as  -y- 

In  the  design  of  complicated  structures  there  will  often  arise  occasion  for  a  more  accurate 
determination  of  negative  and  positive  moment  distribution,  to  insure  a  more  intelligent  pro- 
portion for  the  member. 
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39.  Slabs. 

89a.  Slab  Design. — Solid  reinforced  concrete  slabs  are  designed  for  given  loads 
by  using  the  same  formulas  given  for  rcctangidar  beams.  A  width  of  12  in.  is  usually  employed 
in  proportioning  the  depth  d^  percentage  p,  etc.  As  a  general  rule  it  is  more  economical  to  use 
balancing  values  for/e  and/..  After  the  point  is  reached  beyond  which  the  extreme  fiber  stns 
in  the  concrete  controls  in  the  design,  it  will  be  determined  that  the  small  increase  in  moment 
derived,  will  not  justify  the  cost  of  additional  steel,  which  is  added  only  for  the  purpose  of  lower- 
ing the  neutral  plane  to  prevent  exceeding  the  maximum  working  value  assigned  to/r.  Long 
span  slabs  of  solid  concrete  are  not  only  lacking  in  economy,  but  add  to  the  cost  of  supporting 
beams,  girders,  columns  and  footings,  by  reason  of  their  dead  weight,  in  comparison  with  other 
types  of  floors  that  may  be  used.  Floors  consisting  of  concrete  joists  in  combination  with  hollow 
tile,  gypsum  or  metal  domes,  will  give  greater  economy  for  long  spans.  Joist  floors  can  be 
used  for  spans  as  great  as  40  ft.  or  more  if  conditions  demand  such  extremes. 

It  is  good  practice  not  to  exceed  23^  times  the  effective  depth  of  solid  slabs,  for  the  spacing 
of  carrying  bars. 

For  all  solid  slabs  it  is  advisable  to  use  temperature  rods  K  or  ^  in.  in  size  extending 
perpendicular  to  the  carrying  reinforcement,  to  lessen  the  chance  of  cracks  from  shrinkage  and 
temperature  stresses  as  well  as  to  form  ties  to  which  carrying  bars  can  be  wired  to  preserve  a 
given  spacing.  Roof  slabs  which  are  exposed  to  a  greater  variation  in  temperature  require 
more  attention  in  this  respect  than  floors  which  are  protected  from  the  varjdng  climatic 
conditions. 

The  investigation  of  shear  in  solid  slabs  is  seldom  necessary,  except  in  the  case  of  heavy 
concentrated  loads,  or  loads  that  may  effect  the  section  beyond  safe  working  assumptions. 

396.  Negative  Reinforcement  in  Continuous  Slabs. — Continuous  slabs  should 
always  be  provided  with  sufficient  steel  extending  over  the  supports  to  take  negative  moment. 
Even  in  short  spans,  unsightly  cracks  in  tile  or  composition  floors,  so  often  seen  in  buildings, 
will  be  obviated  by  permitting  part  of  the  steel  to  be  bent  up  into  the  top  of  slab  over  supports, 
thereby  preventing  cracks  when  the  adjacent  panels  deflect. 

It  is  customary  practice  to  bend  up  one-half  the  bars  from  each  opposite  panel,  at  approxi- 
mately the  one-fourth  point,  which  gives  a  steel  section  for  negative  moment  equal  to  that  of  the 
positive  moment  requirements  at  the  center  of  panel.  Negative  reinforcement  should  extend 
to  the  one-third  or  one-fourth  point  depending  on  the  length  of  spans  and  the  live  loads  to  be 
supported.  The  point  to  which  steel  for  negative  moment  should  extend,  will  depend  princi- 
pally on  the  intensity  of  live  load.  The  dead  load  is  fixed,  but  the  live  load  is  a  varying 
quantity  as  to  intensity  and  position  in  important  structures.  The  greater  the  live  load  the 
greater  will  be  the  tendency  for  the  negative  moment  to  approach  the  center  of  spans  under  the 
worst  condition  of  loading. 

39c.  Two-way  Reinforced  Slabs  Supported  Along  Four  Sides. — A  series  of 
panels  reinforced  in  two  directions  at  right  angles  and  supported  along  four  bearings  should  be 
made  continuous  over  supports.  In  oblong  panels  the  greatest  length  should  not  exceed  l}i 
times  the  least  width.    As  a  panel  becomes  oblong  the  proportion  of  load  carried  by  the  longer 

span  becomes  rapidly  less. 

Let  r  =  proportion  of  total  load  carried  by  shorter  span. 
{  »  length  of  longer  span  in  feet. 
&  —  breadth  of  panel  or  shorter  span  in  feet. 

Then 


l/b 

r 

1.00 

0-.60 

1.10 

0.60 

1.20 

0.70 

1.30 

0.80 

1.40 

0.90 

1.50 

1.00 

r  =  ^  -0.50 
o 


I 


For  different  ratios  of  t  the  values  for  r  are  as  given  in  the  accompanying 

table.     When  a  floor  panel  is  square  and  uniformly  loaded,  one-half  the 
dead  and  hve  loads  are  resisted  by  the  moments  in  each  direction. 

The  Joint  Ck>mmittee  recommends  that  in  placing  reinforcement  in  such  slabs,  account 
may  well  be  taken  of  the  fact  that  the  bending  moment  is  greater  near  the  center  of  the  slab 
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th&n  near  the  edges.     For  this  purpose  two-thirds  of  the  previously  calculated  moments  may  be 
assumed  as  carried  by  the  center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

The  distribution  of  loads  to  beams  along  the  four  edges  of  such  slabs  are  often  assumed  in- 
correctly by  proportioning  the  members  for  uniformly  distributed  loads.  For  more  exact 
calculations  the  distribution  of  load  may  be  expected  to  vary  in  accordance  with  the  ordinates 
of  a  parabola,  but  for  practical  purposes  it  may  be  just  as  well  to  avoid  unnecessary  loss  of  time 
and  assume  this  variation  to  be  represented  by  a  triangle,  although  the  moment  resulting  from 
the  former  assumption  will  be  less  than  in  the  latter  case. 

For  practical  purposes  floor  panels  reinforced  in  two  directions  cannot  well  be  termed 
economical  in  competition  with  other  forms  of  panel  construction. 

40.  T-Beams. 

40a.  T-Beams  in  Floor  Construction. — In  floor  construction  T-beams  are  by  far 
the  most  generally  used  form  of  supporting  member.  The  term  T-beam  expresses  its  shape. 
In  calculating  the  strength  of  T-beams,  advantage  is  taken  of  the  floor  slab,  which  in  good 
design  must  act  as  the  compression  flange  of  the  member,  the  same  as  the  upper  flange  of  a  steel 
I-beam  must  act  when  subjected  to  bending.  To  properly  perform  its  function,  a  T-beam  must 
be  poured  simultaneously  with  the  floor  slab  and  the  stem  and  flange  securely  tied  together  by 
means  of  bent  rods,  stirrups  and  cross  reinforcement  from  the  slab.  Even  with  the  presence 
of  stirrups  and  bent  rods,  horizontal  planes  made  during  construction  are  most  undesirable. 
The  slab  should  be  an  integral  part  of  the  beam. 

In  important  members  of  long  spans,  or  short  spans  designed  for  heavy  loads,  a  thin  slab 
should  be  thoroughly  investigated  and  mechanically  bonded  to  the  stem  by  means  of  stirrups 
along  the  center  portion  between  bearings,  as  well  as  near  the  supports  where  the  stirrups  are 
designed  primarily  to  resist  diagonal  tension  for  uniform  loading.  In  special  beams  with  thin 
flanges  a  small  fillet  or  bevel  at  45  deg.  connecting  the  stem  to  the  flange  will  prove  effective 
in  giving  added  strength.  In  very  long  spans  other  methods  must  be  employed  to  give  the 
required  strength  in  compression. 

When  beginning  the  design  of  a  T-beam,  the  thickness  of  the  flange  is  fixed  by  the  depth  of 
slab,  but  the  distance  to  either  side  of  stem  over  which  compression  may  be  assumed  to  act  is 
arbitrarily  selected  from  the  results  of  tests,  which  have  established  within  safe  limits  the  as- 
sumptions to  be  made. 

The  action  of  a  continuous  T-beam  includes  a  complication  of  stresses,  which  in  the  main 
should  be  entirely  comprehended  by  the  designer  before  attempting  the  use  of  formulas  for 
practical  application. 

In  comparing  T-beams  with  rectangular  beams,  the  economy  of  the  former  is  obvious. 

406.  Flange  Width  of  T-Beams. — The  following  rules  are  recommended  by  the 
Joint  Committee  for  determining  the  flange  width: 

(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

(b)  Its  overhanging  width  on  either  side  of  the  web  shall  not  exceed  6  times  the  thickness  of  slab. 

Beams  in  which  the  T-form  is  used  only  for  the  purpose  of  providing  additional  compression  area  of  concrete 
abould  preferably  have  a  width  of  flsnge  not  more  than  3  times  the  width  of  the  stem  and  a  thickness  of  iJsnge  not 
leas  than  one-third  of  the  depth  of  the  beam. 

40c.  T-Beam  Flexure  Formulas. — In  the  design  of  a  T-beam  it  is  necessary  to 
distinguish  two  cases;  namely,  (1)  The  neutral  axis  in  the  flange, 

and  (2)  the  neutral  axis  in  the  web.  u. ^ pi  |,-iS  .^  ^ 

Case  I,     The  NeiUral  Axis  in  the  Flange. — All  formulas  for    J^  ^fc^    "^ 
"moment   calculations''  which   apply  to  rectangular  beams "r^'J^^^ 

apply  to  this  case.     It  should  be  remembered,  however,  that  gjg^^ftt^t k 

b  of  the  formulas  denotes  flange  width,  not  web  width,  and  p      c)Sx^9dha%      strtmt  Diagram 

(the  steel  ratio)  is  ^'  not  ^  (Fig.  44).  F'o-  ^^• 

Case  II.  The  Neutral  Axie  in  the  Weh. — The  amount  of  compression  in  the  web  is  commonly 
small  compared  with  that  in  the  flange  and  in  the  analysis  of  this  case  is  neglected.  The  for- 
mulas assume  a  straight  line  variation  of  stress  and  are : 
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k  -  —^  (1) 

2nA.  +  26«  ^ 


+ H  a)* 


pn 
ifc  -  j^  (3) 


(4) 


Skd  -  2/     J 

'  " 2W  -    «  '  3 
yd  -  d  -  «  (5) 

^       «-''(i)+^(i)'+(i)'(2^)  ^„ 

^  Al  Al  fmm^ 

M.  -  /.AJd  (10) 

Approximate  fonnulas  can  also  be  established.  From  the  stress  diagram  Fig.  44,  it  is 
evident  that  the  arm  of  the  resisting  couple  is  never  as  small  as  (2  -  H  ^  £^d  that  the  average 
unit  compressive  stress  is  never  as  small  as  }i  /«,  except  when  the  neutral  axis  is  at  the  top  of 
the  web.     Using  these  limiting  values  as  approximations  for  the  true  ones 

M,  -  A^,id  -  MO.      or     A.  -  (y;)(^^  ^t)  («> 

^'  "  A.(d  -  HO  ^^^ 

if.  -  H/JXW  -  HO  (c) 

^*  °  H6«(d  -  HO  ^^ 

The  errors  involved  in  these  approximations  are  on  the  side  of  safety. 

Where  the  web  is  very  large  compared  to  the  flange,  formulas  which  take  into  account  the 
compression  in  the  web  may  be  used. 

^  t2ndA,  +  (fc  -  6')<«   ,    /nA,  +  (6  -  6')<\«       nA,  +  (6  -  6')< 

kd  -  -yj ^, +  (^ ^, ; P 

Hkdt*  -  Ht»)  +  [(fed  -  0«(<  +  H(kd  -  i))W 
'  "  t  C2kd  -  i)b  +  {kd  -  0«6' 

yd  -  d  -  « 
^'     A^d 

2Mkd 

''  "  l(2Jbd  -  t)bt  +  (*d  -  0«6'l;d 

Formula  (1)  gives  the  balancing  ratio  A;  when  the  limiting  stresses  /«  and  fe  are  known.  For- 
mula (3)  gives  the  ratio  k  for  any  steel  percentage  when  t  and  d  are  known.  It  will  be  a  simple 
operation  to  find  j  after  z  is  obtained  from  Formula  (4),  if  A;  is  known,  otherwise  j  should  be 
obtained  from  Formula  (6). 

For  ordinary  cases  the  tensile  stress  in  the  steel  will  control,  and  hence  M»  should  be  used 
in  Formula  (10).     In  special  cases  Mc  will  be  the  governing  factor. 

When  J  =  A;,  the  neutral  axis  will  be  at  the  junction  of  web  and  flange.     When  k  is  less 

t  t 

than  ^'  Case  /  applies,  and  when  greater  than  -%•  Case  //  applies.     For  any  combination  of 

assigned  values  for/«,  /e  and  n,  it  will  be  useful  to  obtain  the  ''neutral "  ratio  k  from  Formula  (1). 
This  value  of  k  being  known,  it  can  at  once  be  determined  whether  M,  or  Mc  controls  for  any 
other  value  of  k.  In  such  a  case  Af«  will  control  when  any  other  ratio  k  is  less  than  the  neutral 
k,  and  Me  will  control  when  any  other  k  is  greater  than  the  neutral  A;. 
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CalculfttionB  for  T-beams  may  be  grefttly  siinpliSed  b;  referring  to  Diagrams  4,  S,  6  and  7, 

p.  166.     With  the  ratios  ^  and 

p  kuoim,  the  poaition  of  the 

neutral    axia    c&n    be    readily 

found  in  Diagrama  i  and  6  and 

the  TBluee  of  j  in  Diagrams  5 

and    7.     I^ese    diagrams   also 

dctermiDe  at  once  whether  Case 

/  or  Caoe  //  applies  for  given 

i^mditionB. 

The  approximate  Formula 

(a)  will  be  useful  to  find  the 

Eteel  area  A.  after  the  moment 

b  found  and  unit  vatne  for  /. 

■dected. 

40d.     Shearing 

Stteflaes. — The     determination   ' 

of  shearing  stresses  in  T-beams 

b  fundamentally  the  same  as 

given   for   rectangular   beams. 
V 

In  the  formula  v  =  r7^'  b'  is  the 

width  of  the  st«m.     In  the  or-  [, 

dinaiy  T-beam  design  the  fluige  ' 

affords  greater  strength  than  is  '  ^ 

required  to  balance  the  tensile  * 

stms,  hence  the  finrt  considera-  ,  ~ 

tion  should  be  lo  obtain  a  sec-  i 

tion  that  will  give  a  sufficient 
sectional  area  of  concrete  to 
icHst  shearii^  stresses  and  to 

allow  a  suitable  width  of  stem  I 

for  Ute  proper  spacing  of  the 
longitudinal  reinforcement. 

Ute    stiiTupe    and    bent  rods  ■ 

diould  extend  up  to  within  l>j 
or  2  in.  from  the  top  surface,  to 
insure  a  thorough  mechanical 
means  of  bonding  the  slab  and 
stem  together.  Asinthecaaeot 
rectangular  beams,  approximate 
results  for  shear  and  bond  may 
be  obtained  by  assuming  j  ^}i. 
40«.  Width  of 
StMn  and  Depth. — la  order  for 
a  beam  of  T-form  to  transmit 
stress  from  web  to  flange,  the 
width  of  stem  in  proportion  to 
depth  should  be  chosen  with 
care.  It  is  considered  good  de- 
sign to  have  a  width  of  web 
equal  to  one-third  to  one-half 
tbe  depth  of  beam.    Large  beams  will  usually  require  a  greater  number  of  tension  rods,  which  will 
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controlthewidthof fltem tonolittleextent.    Hiedepth  of  T-Joeanu 


ISec.  i-tOf 


otten  limited  on  account 
of  head  room  in  buildings 
and  frequently  in  ex-  i 
treme  cbmb  this  depth  . 
may  be  as  little  as  Kstb 
ar  Kolli  of  the  span 
length.  The  design  of 
such  beams  tnuat  be 
given  special  conaidet^ 
tion,  to  develop  rigidity 
and  consistency  in  tlie 
atrength  of  all  contribut- 
ing elements. 

40f.  Dericn 
of  ■  Continnoua  T-beam 
at  the  Supports. — Figa. 
45  and  46  illustrate  the 
curve  for  negative  mo- 
ment, the  maximum 
being  over  the  ceDter  line 
of  interior  aupporia  and 
^        decreases  rather  ab- 
X        ruptty  from  this  point. 
It  is  reatUlysecn  that  this 
I         maximum  point  of  neg»- 
B    ,   tive  moment  is  leached 
S  •*  when  the  spans  adjacent 
%  i  arc  fully  loaded,  produe- 
I       ing  bending  in  these 
i       membeia    and    con- 
1        sequently  a   pull  jn  the 
p       top   over    the    support 
*        This  tensile  streaa  should 
J       have  a  counter  balancing 
^        resistance  in  the  bottom, 
I       and  hence  the  compm- 
j       sion  in   the    bottom   is 
•s       equal  in  intensity  to  the 
5.      corresponding    negative 
^      moment  in  the  top.     A 
T-beam  becomes  a  rec- 
tangular  section  at  the 
supports  on   account  of 
the  reverse  condition  of 
bending,  which  changes 
from  positive  to  negative 
at  the  lero  point  of  in- 
flection   and    varies    in 
intensity  to  a  maximum 
at  the  interior  supports. 
The  method  of  de- 
sign clearly  involves 
principles  which  govern 
the  deeign  of  double-reinforced  rectangular  sections  with  the  exception  that  the  tensile  and 
compressive  stresses  are  tevened. 
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Negative  moment  at  the  center  line  of  an  interior  support  is  generally  greater  than  the 
corresponding  stress  at  or  near  the  center  of  span  length,  but  with  the  presence  of  large  columns 
or  wide  beams  forming  the  supports,  this  negative  bending  is  reduced  appreciably  at  the  face 
of  bearings,  which  fact  may  be  recognized  in  arriving  at  the  proper  proportion  of  stress  for 
compression. 

By  reason  of  the  general  use  of  formulas  M  ^  -^k  and  M  >»  vk*  for  both  maximum  positive 

and  negative  moments  in  continuous  beams,  one-half  the  steel  required  for  positive  stress  from 
each  adjoining  member  is  usually  bent  up  into  the  top  over  supports.  This  practice  may  be  con- 
sidered entirely  applicable  to  the  design  of  practical  structures,  when  the  consecutive  spans  are 
the  same  or  nearly  so,  provided  the  compressive  stress  at  or  near  the  supports  is  proportioned  for 
the  same  maximum  assumed  moment.  When  it  is  found  advisable  to  reduce  the  compressive 
stress,  this  purpose  may  be  accomplished  either  by  adding  a  haunch  to  increase  the  effective 
depth  and  size  of  the  section,  or  by  the  addition  of  compressive  steel  with  effective  anchorage;  or 
by  the  use  of  the  two  methods  in  combination.  For  architectural  reasons,  beam  haunches  are 
often  undesirable  in  hotels,  apartments,  office  buildings  and  such  structures,  and  for  this  reason 
occasion  will  often  arise  when  additional  strength  for  compression  must  be  provided  by  adding 
compressive  steel  or  by  increasing  the  width  or  depth  of  the  entire  beam  section  for  the 
sake  of  imiformity.    * 

The  bending  up  of  steel  bars  at  angles  of  30  to  45  deg.  to  resist  negative  stresses  is  a  ques- 
tion of  importance.  The  points  at  which  bends  are  made  should  be  governed  by  the  intensity 
of  positive  moment  at  the  section.  Figs.  45  and  46  show  the  maximum  positive  moment  curve 
for  an  interior  span  when  the  member  in  question  has  its  full  live  load  with  adjacent  members 
not  loaded.  In  this  case,  where  the  specified  live  load  is  275  lb.  per  sq.  ft.,  the  positive  moment 
approaches  the  supports.  Diagram  8  shows  with  sufficient  accuracy,  the  points  at  which  bends 
may  be  made  in  continuous  beams. 

Bond  stress  along  the  horizontal  tension  rods  in  the  top  of  continuous  beams  should  be 
investigated.  Formulas  for  tension  rods  at  the  ends  of  simply  supported  beams  may  be  em^ 
ployed.  These  rods  should  extend  to  about  the  one-fourth  point  when  small  live  loads  are 
required  and  to  the  one-third  point  for  heavy  live  loads. 

To  determine  the  maximum  negative  moment  for  continuous  beams  the  formula  M  =  -r^ 

is  generally  recommended,  but  unfortunately  is  employed  by  many  engineers  more  to  determine 
the  sectional  area  of  steel  in  tension,  than  for  the  purpose  of  ascertaining  a  sufficient  section  for 
compression  at  the  supports.  It  may  be  stated  with  more  or  less  authority  that  the  majority 
of  designers  neglect  entirely  the  compressive  stresses  at  the  interior  supports  of  continuous 
beams,  which  is  a  practice  not  to  be  recognized  as  commensurate  with  good  design. 

41.  Comparing  Accurate  Moment  Distribution  in  Continuous  Beams  with  Ordinary  As- 
samptions. — For  the  sake  of  simplicity  in  arriving  at  the  moments  in  beams  and  slabs  of 
reinforced  concrete  structures,  it  is  now  almost  a  universal  practice  to  assume  for  members 

continuous  over  two  supports,  M  —  -^o »  &nd  for  members  continuous  over  one  support,  or  for 

end  spans,  M  —  -ttt'  A  practical  illustration  showing  the  relationship  between  the  assumed  con- 
ditions and  the  more  accurate  theory  for  determining  the  true  moment  distribution  in  continuous 
beams  or  slabs,  should  be  a  question  of  great  significance  to  the  designer.  An  intelligent 
understanding  of  .positive  and  negative  bending  are  vital  considerations  in  the  design  of  any 
continuous  member,  particularly  when  subject  to  heavy  live  loads,  which  influence  to  a 
marked  degree  the  point  of  inflection  or  change  from  positive  to  negative  bending.. 

In  practice  the  true  theorem  of  continuous  moments  cannot  well  be  applied  literally  on 
account  of  practical  complications  that  result  in  the  arrangement  of  reinforcement,  arising  from 
the  fact  that  the  greatest  positive  moment  in  a  continuous  member  is  usually  much  less  than  the 
(greatest  negative  moment.  Literal  adherence  would  require  considerably  more  reinforcement 
over  the  supports  than  would  be  necessary  at  the  center  between  supports.  The  disadvantages 
are  quite  obvious  to  the  engineer  accustomed  to  seeing  his  designs  executed  in  the  field.     Again 

10 
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few  building  ordinances,  if  any,  would  permit  of  strict  adherence  to  the  exact  theorem  of  mo- 
ments, due  no  doubt  to  the  variation  in  results  from  those  obtained  by  the  use  of  the  established 

tol*         wl* 
formulas  ,M  »  -ttt  and  -r^.     It  may  be  understood  from  these  standard  moment  assumptions 

that  the  general  practice  of  resorting  to  the  use  of  more  complex  methods  of  calculating  moments, 
is  not  desirable  in  the  solution  of  ordinary  problems  of  design.  However,  this  understanding 
should  not  prove  the  medium  for  evading  the  fundamental  principles  of  continuity,  so  essential 
to  the  knowledge  of  the  designer.  A  thorough  understanding  of  continuous  moments  will  not 
only  familiarize  the  engineer  with  the  maximum  moment  conditions  resulting  from  the  most 
unfavorable  position  of  live  loads,  but  will  render  a  more  intelligent  and  precise  interpretation 
of  the  standard  moment  formulas  established  by  practice. 

lUustnitive  ProUem. — The  examples  shown  in  Figs.  45  and  46  are  selected  from  a  number  of  beam  calculations 
of  a  large  structure  completed  in  1918.  The  coefficients  given  in  the  accompanying  table  are  by  Winkler  and  fdve 
the  results  of  computations  for  a  uniformly  distributed  load  in  the  simplest  form,  from  the  ordinates  of  the  man- 
mum  moment  line  for  continuous  beams.  Beams  Bi  continue  for  a  large  number  of  consecutive  spana.  The 
coefficients  selected  are  for  continuous  beams  of  four  spans.  The  loading  required  for  maximum  live  load  momeats. 
Fig.  45,  shows  that  the  maximum  positive  moment  is  obtained  for  interior  spans  by  loading  alternate  spans,  and 
the  maximum  negative  moment  by  loading  the  spans  adjacent  to  the  reaction  in  question.  The  moment  lines 
are  plotted  from  moment  values  in  table  for  each  point  equal  to  one-tenth  of  the  span.     For  comparative  purposes 

moment  values  for  -tj;  and  -r^  are  given  near  maximum  moment  values  obtained  from  coefficients. 

It  will  be  interesting  to  note  that  for  interior  spans  the  maximum  positive  moment  is  1,008,500  in.-lb.  whereas 

M  -■  -JO  ""  1.381,000  in.-lb.     Keeping  this  latter  moment  value  in  mind  it  will  be  seen  that  the  maximum  negative 

moment  at  the  first  interior  column  face  is  1,390.000  in.-lb.  and  at  the  second  column,  M  -■  1,130,000  in.-lb.,  which 
compares  favorably  with  the  moment  value  usually  sssumed.  In  the  design  of  beams  projected  below,  the  tension 
rods  for  negative  moment  were  not  extended  to  meet  fully  the  requirements  of  negative  curve,  for  the  reason  that 

the  sectional  area  of  steel  at  the  center  of  span  was  proportioned  for  -r^  t^nd  not  for  the  true  moment  which  is  about 

21%  less.     This  additional  steel  area  reduces  the  unit  stress  in  the  steel  and  the  deformation  in  the  concrete  in 

compression,  which  in  combination  serve  to  reduce  the  negative  moment  produced. 

wis 
For  the  end  span  the  maximum  positive  moment  is  1,529,000  in.-lb.,  but  M  -■  -r^  •  1,658,000  in.'4b.     The 

difference  here  is  not  so  appreciable. 

Fig.  46  includes  the  same  members  as  shown  in  Fig.  45  with  the  exception  that  a  cantilever  beam  is  required 
for  expansion  joint.  This  cantilever  beam  changes  the  condition  of  moments  in  the  adjacent  span,  as  shown  ia 
moment  diagram. 

A  dose  study  of  these  examplea  will  reveal  many  interesting  stress  conditions  in  continuous  beams,  and  an 
given  for  the  purpose  of  showing  the  relationship  between  the  ordinrry  moment  assumptions  and  the  more  accurate 
distribution  of  stress.  An  intimate  knowledge  of  this  relationship  will  be  of  inestimable  value  to  any  designer, 
and  though  not  recommended  for  every  day  use,  the  knowledge  of  these  conditions  is  fundamentally  essential 
to  the  proper  interpretation  of  the  ususl  moment  sssumptions. 


42.  Designing  Tables  and  Diagrams  for  Beams  and  Slabs. — It  seems  appropriate  here 
to  emphasize  the  importance  of  resorting  to  the  use  of  tables  and  diagrams  whenever  it  is  possible 
to  do  so,  since  the  tabulation  of  values  in  advance  will  minimise  the  time  consumed  in  the  prepa- 
ration of  designs.  The  measure  of  the  time  consumed  in  the  development  of  a  design,  is  a  most 
essential  factor  in  the  determination  of  an  engineer's  worth  and  should  not  be  subordinated  to 
other  conditions  having  a  lesser  value. 

The  engineer  will  often  find  it  advantageous  to  adopt  approximate  formulas,  and  although 
the  results  obtained  may  vary  slightly  from  those  derived  by  the  use  of  the  more  exact 
formulas  recommended,  it  must  be  borne  in  mind  that  the  divergence  of  practical  conditions 
from  the  assumptions  used  in  the  formulas,  does  not  justify  too  high  a  degree  of  mathematical 
precision  in  the  design  of  practical  structures,  unless  the  particular  problem  in  question 
demands  such  attention.  The  degree  to  which  approximate  formulas  may  be  used  will  depend 
entirely  upon  the  knowledge,  training,  initiative  and  experience  of  the  engineer,  which  should 
be  sufficient  to  justify  a  departure  from  the  more  accurate  computations  for  shorter  and  simpler 
methods  based  on  a  clear  conception  of  the  fundamental  principles  embodied  in  theoretical 
design. 

Tlie  number  of  designing  tables  and  diagrams  given  on  subsequent  pages  are  necessarily 
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limited  on  account  of  the  space  allotted  to  this  subject.  Hie  engineer  will  find  it  helpful  to 
prepare  other  tables  of  a  similar  character. 

In  explaining  the  solutions  to  problemsi  it  b  not  the  intention  to  advocate  or  recommend 
the  use  of  any  particular  combination  of  working  stresses  for  /« and  /«.  Building  ordinances  in 
various  sections  of  the  United  States  show  a  great  lack  of  consistency  in  the  working  stresses 
assumed  for  steel  and  concrete,  which  indicates  that  the  differences  of  opinion  prevailing  at  this 
time  preclude  the  immediate  possibility  of  standardizing  unit  stresses  to  the  entire  approval  of 
all  sections  concerned.  Hie  working  values  for/«  and/e,  now  being  used,  vary  from  500  to  800 
lb.  per  sq.  in.,  and  in  not  a  few  instances  even  higher  stresses  for  concrete  are  employed.  The 
unit  working  stresses  in  the  steel  vary  from  16,000  to  20,000  lb.  per  sq.  in.,  depending  on 
whether  the  steel  is  soft  or  hard  grade.  The  many  structures  erected,  judging  from  all  avail- 
able information,  have  given  a  like  degree  of  satisfaction,  and  in  view  of  this  fact  it  would 
hardly  be  consistent  to  condemn  one  practice  or  the  other  without  some  conclusive  evidence 
that  would  prove  the  custom  to  be  a  detriment  to  public  safety  and  interests. 

lUaatnitlTe  Problems. — The  vme  of  deoigning  tables  and  diagranui  can  be  explained  to  a  greater  advantage  by 
givinc  the  solutiona  of  typical  designing  problems. 

Design  a  beam  of  reotangular  section  to  span  30  ft.  Total  uniformly  distributed  load  is  1000  lb.  per  lin.  ft. 
Beam  is  simply  supported.    f$  -  18.000.  /«  -  750,  n  *-  15.  vi  -  40. 

V  .  !^  -  mOH^m?!  _  1.350.000  in.-lb. 

From  Table  3,  for  n  -  15,  /«  «^  18,000,  and  /«  -  750 

k  -  0.385.    j  -  0.872,     p  -  0.00801,     K  -  125.74. 

-        Af         ^,       1.360,000      ,__„ 
IT-^,.  or  M.--^-^--  -10.730. 

Assmning  b  *  15  in.,  then  d  «-  26^  in.  or  say  27  in. 

A,  -  (0.00801)(15)(27)  -  3.24  sq.  in. 

We  will  select  three  }i-\n.  and  two  1-in.  rounds  with  total  section  of  3.38  sq.  in. 

15.000  , 

•  ■  (16)(7/8)(27)  "  *^  '°' 

When  t  •■  42,  provision  for  shear  is  unnecessary  but  for  prsotical  reasons  it  is  advisable  to  use,  say  three  yi-'m. 
stirrups  at  9  in.  and  two  at  12  in.  c.  to  e.  st  each  end.  All  the  tension  steel  is  not  needed  near  the  supports  so  if 
the  two  1-in.  rounds  are  bent  up  at  45  deg.  beginning  st  a  point  2  ft.  6  in.  from  the  supports,  a  better  design  will 
result.     Three  H-in*  rounds  remain  in  the  bottom  to  develop  the  safe  bond  stress. 

•   Bond  «tr«»  «  -  (8.25K^(27)  "  "  "'■  ^'  '^-  '"• 

Bond  stress  is  within  safe  limits  and  will  not  require  special  snchorage. 

The  vslues  K  and  p  may  be  found  from  Disgram  2  where  n  -■  15.  Find  the  intersection  of  /•  •>  18,000  and 
eurve  /•  •■  750,  and  follow  this  point  horisontally  to  the  left  or  right  hand  msrgin  where  K  *  126.  Then  follow 
the  intersection  point  to  lower  margin  where  p  -■  0.0081.  The  sccuraey  of  these  readings  is  sufficient  for  any 
purpose  of  design. 

DiagramM  1  and  2. — These  diagrams  are  very  useful  to  find  the  relationship  between  any  vslues  for  p,  /•,  /«, 
and  K  for  sny  rectangular  beam  or  solid  concrete  slsb.  For  exsmple  (Diagram  2),  if  steel  percentage  p  »  0.0072 
and  the  limiting  steel  stress  is  16,000,  the  concrete  stress  /•  is  found  to  be  025.  If  /«  -  600  and  p  -  0.008,  /•  is 
found  to  be  about  14.300. 

For  sny  rectangular  beam  of  given  section  snd  reinforcement  the  safe  load  per  linear  foot  may  be  readily 
obtained  by  means  of  these  diagrsms.  Assume  the  steel  percentage  in  the  above  problem  to  be  p  -■  0.007.  The 
same  limiting  values  for  /«,  /•  and  n  prevsil.  Begin  st  lower  margin  of  Diagram  2  at  0.7%  and  follow  vertically 
to  interseotion  with  /«  *  18,000.    From  this  intersection  follow  to  left  or  right  margin  where  K  -•  110  is  found. 

M  -  Khd*  -  (110)(15)(27)«  -  1,202,800  in.-lb.  -  ^ 
8Af  (8)(1.202.800)        .„,.  ,.      ,. 

~  -(i2)-(rr)-  -(30)«(T2)-  "  ^^^  P*' ^''-  "• 

TahU  2. — Find  the  safe  moment  per  12-in.  width  for  a  6-in.  solid  slab  with  p  -  0.006,  d  -  5  in.,  /«  -  20,000, 
/«  »  800,  n  -•  15.     Slab  is  freely  supported. 

p  -  0.006.     k  -  0.344,    j  -  0.885. 

6d«  -  -^,  or  Jf  -  M«p/J  -  (12)(5)'(0.006)(20,000)(0.885) 
PA/ 

M  -  31,860  in.-lb. 
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TabU  3. — This  table  gives  the  values  for  k,  j,  p  and  K  for  balanced  working  stresees  in  rectangular  beame  and 
slabe,  when  /•  is  14,000,  16,000,  18,000  or  20.000,  for  various  working  stresses  for  /•. 

TabUa  4  and  6. — These  tables  sre  for  designing  end  estimating  purposes.  The  area  A,  per  12-in.  width  and 
net  weight  of  steel  per  square  foot  are  given  for  various  spacings  of  merchantable  bar  sises,  which  may  be  more 
readily  obtained  than  odd  sises. 

TabUa  6,  7  and  8. — These  slab  tables  have  been  prepared  for  balanced  steel  and  concrete  stresses  when  n  > 
15.  Any  thickness  of  slab  from  3  to  10  in.  and  the  reinforcement  required  may  be  obtained  immediately  for 
any  given  superimposed  load  per  square  foot.  The  distance  from  center  of  reinforcement  to  bottom  surface  is  1 
in.  in  all  cases  and  if  a  greater  distance  is  required  than  this,  ^4    or  ^  in.  may  be  added  without  effecting  the 

effective  depth  d  and  table  values  may  be  adapted  accordingly.     All  tables  are  prepared  for  M  -■  jn"  and  may 

tirf*  uil> 

be  adapted  to  TfT  and  —^  as  per  instructions  given  in  tables. 

Find  thickness  of  slab  and  reinforcement  required  for  a  12-ft.  span  when  the  superimposed  load  is  150  lb.  per 
sq.  ft. 

M  -  ^,/,  -  16,000,/.  -  650,  a  -  15 

In  Table  6  find  column  for  12-ft.  span  and  follow  down  to  the  140  and  then  to  left  where  a  6-in.  slab  is  given,  re- 
quiring H-in-  rounds,  5  in.  c.  to  c,  or  a  selection  of  other  bar  sises  with  spacings  as  shown. 

trfs 
If  the  same  example  is  assumed  when  Af  «  |^,  follow  instructions  given  in  Table  6.     A  Qyi-in.  slab  with  Ab 

«  0.508  has  a  superimposed  load  value  of  180  lb.  for  a  12-ft.  span.     The  dead  load  of  this  slab  is  82  lb. 

(189  +  82)(M)  *-  226  -  82  -  144  lb.  per  sq.  ft.  superimposed  load. 

TahU  9. — It  Ib  often  necessary  to  retain  the  same  thickness  of  slab  for  spans  that  vary  within  reasonable  limits. 
This  table  gives  the  safe  moment  in  inch  pounds  for  slab  thicknesses  varying  from  4  to  8H  in.  with  various 
steel  percentages,  for  three  combinations  of  allowable  unit  stresses,  assuming  n  >■  15. 

For  example,  a  6-in.  slab  may  be  selected  for  moments  varying  from  20.070  to  83.510  in.-lb.,  when  /««  16.000 
and  fe  "  650,  or  from  25,000  to  41.240  in.-lb.  in  case  /«  ->  20.000  and  fe  -  800.  It  may  be  interesting  to  note  that 
as  the  steel  reaches  its  limit  of  safe  working  stress  for  any  individual  slab  thickness,  the  increase  in  moment  beyond 
this  point  is  not  very  appreciable. 

TcMe  10. — This  table  is  for  estimating  purposes,  and  may  also  be  employed  to  find  the  weight  per  linear  foot 
of  any  beam  sise  given.    The  instructions  in  table  are  self-explanatory. 

Diagram  3. — The  preparation  of  reinforced  concrete  shop  drawings  may  be  graelty  facilitated  by  the  use  of  this 
diagram  to  find  the  length  of  any  bend  which  represents  the  hypothenuse  of  any  triangle,  when  the  length  of  two 
known  sides  are  at  right  angles  to  one  another.  The  diagram  applies  when  bonds  are  made  at  30  deg.,  45  deg.  or 
any  other  angle. 

For  example,  it  is  required  to  find  the  length  of  straight  portion  between  the  bends  of  a  rod,  when  the  vertical 
distance  center  to  center  of  rod  is  30  in.  and  the  horisontal  distance  center  to  center  of  bends  b  33  in.  First  find 
the  designation  30  at  the  right  hand  margin  end  follow  this  line  to  the  left  until  the  vertical  line  from  33  on  the  lower 
margin  intersects,  then  follow  this  point  of  intersection  parallel  to  the  neprcst  circular  line  to  the  lower  margin  where 
44 H  in.  is  read. 

Dioffranu  4,  5,  Oand  7. — Such  disgrams  are  very  uselul  in  lessening  the  time  constinxed  in  the  design  of  T-beams. 

When  -J  and  p  are  known,  either  k  or  j  may  be  found  directly.     With  any  given  ratios  for  -^  and  p.  or  -j  and  k, 

it  can  at  once  be  determined  whether  the  neutral  axis  is  in  the  flange  or  in  the  web. 

Design  the  center  cross  section  of  a  fully  continuous  beam  of  20-ft.  span  to  sustsin  a  total  losd  of  1500  lb.  per 
lin.  ft.  /•  "  16,000,  /«  ■■  650,  n  *-  15.  Maximum  shear  allowable  «  ^  120.  The  slab  hpving  been  previously  <*e- 
signed,  (  --  5  in. 

The  first  consideration  in  the  design  of  a  T-beam  is  to  provide  a  sufficient  section  for  sheering  stresses  and  a 
width  such  that  the  bars  can  be  properly  spaced.     The  sectionsl  area  required  for  shear  is 

,,.       (1500)a0)      ,.__   , 

^^'  a<)("i20T"'^^^"^-*°- 

^_(1TO0L»  (12).  600,000  in..lb. 

143 
If  effective  depth  d  *  16  in.,  then  1/  -■   -rg-  ■-  9  in. 

Now  the  approximate  steel  area  Am  mav  be  obtained  to  find  if  the  width  ^  i"  9  in.  is  wide  enough  for  the 

number  of  bars  to  be  used. 

600.000 

"*•  ■  (0.87)(16)(16.000)  "  ^-^  ^'  "*• 

This  area  will  require  say  three  ^-in.  rounds  straight  in  the  bottom  and  one  H'in-  round  and  one  l-in.  round  bent 
in  the  top  plane,  or  a  total  of  2.71  sq.  in. 

Assuming  three  diameters  as  the  minimum  distance  center  tt»  center  of  the  ^-in.  rode  in  the  bottom,  and  a  dear 
distance  ot  \yi  in.  from  the  sides,  the  minimum  width  h'  is  8>^  in.  Hence  with  the  rods  placed  in  two  planes,  the 
width  9  in.  found  above  ia  satisfactory.  The  effective  depth  d  «  16  in.  will  be  measured  from  the  top  surface  of 
Blab  or  beam  to  the  center  between  the  two  plsnes  of  rods  in  the  bottom. 
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t         5 
Now  ~:  *  TZ  ■"  0.313.     Aflsuming  &  width  of  flange  on  either  side  of  beam  face  equal  to  4  times  5  or  20  in. 
a         ID 

which  ia  within  the  allowable  limit,  the  total  width  b  -■  40  in.     The  approximate  percentage  of  steel  is 

2.71 


P  - 


(49)(16) 


-  0.00345 


With  these  values  for  p  and  — ,  Diagram  6  determines  at  once  that  the  neutral  plane  is  in  the  flange,  hence  Case  I 

d 

applies  (see  Art.  40c). 


K  - 


M 


600,000 


-  48 


M»       (49)(16)* 
from  Diagram  2  when  K  -•  48  and  /•  -  16,000,  p  is  found  to  be  0.0033. 

A,  -  (0.0033)(49)(16)  -  2.50  sq.  in. 

The  bar  sises  selected  above  are  sufficient  and  may  be  used.  Since  p  *  0.0033  it  is  quite  evident  that  the  concrete 
stress  is  low,  or  from  Diagram  2  not  quite  4001b.  per  sq.  in.  In  this  particular  member  it  would  not  be  necessary 
to  investigate  the  compressive  stress  in  concrete  for  positive  moment  unless  the  percentage  p  exceeded  0.00760 
(Table  3),  which  ia  the  controlling  vrlue  for  p  when  /«  *  16,000,  /•  «  650  end  n  *  15. 

Diagram  8. — To  locate  the  points  at  which  bends  may  be  made  in  the  bottom  reinforcement  of  simple  and 

continuous  beams,  consumes  no  little  time,  if  a  diagram  showing  these  relationships  is  not  available.     To  illustrate, 

wl* 
sBBuroe  a  oontinuous  beam  has  been  designed  for  M  i*  -rx  and  reinforced  with  three  f^-in.  rounds  straight  in  the 

bottom  and  two  1-in.  rounds  to  be  bent.  It  is  desired  to  find  the  points  ot  which  rods  may  be  bent.  The  total 
area  of  straight  and  bent  rods  is  2.89  sq.  in.  One  1-in.  round  bent  rod  represents  27%  of  the  total,  and  two  1-in. 
rounds  54%  of  the  total  area.  To  find  the  point  where  one  1-in.  round  or  27%  of  the  steel  may  be  bent  up  and 
leave  sufficient  area  for  positive  moment,  trace  horisontally  from  the  27  %  point  at  the  right  margin  to  the  curve 

tol* 
M  "  -^-x-  and  then  vertically  to  the  lower  margin  where  0.285/  is  read.     By  reading  in  the  same  manner  two  1-in. 

rounds  or  54  %  of  the  steel  may  be  bent  up  at  0.20/. 

Tablb  1. — Areas,  Perimeters  and  Weights  of  Rods 


Round  rods 

Square  rods 

Sise 
(inches) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

H 

0.0401 

0.7854 

0.167 

0.0625 

1.00 

0.212 

Ms 

0.0767 

0.9817 

0.261 

0.0077 

1.25 

0.333 

H 

0.1104 

1.1781 

0.375 

0.1406 

1.50 

0.478 

He 

0.1503 

1.3744 

0.511 

0.1014 

1.75 

0.651 

H 

0.1063 

1.6708 

0.667 

0.2500 

2.00 

0.850 

Ms 

0.2485 

1.7671 

0.845 

0.3164 

2.25 

1.076 

M 

0.3068 

1.9635 

1.043 

0.3006 

2.50 

1.328 

»Hs 

0.3712 

2.1598 

1.262 

0.4727 

2.75 

1.608 

H 

0.4418 

2.3562 

1.502 

0.5625 

3.00 

1.013 

»Ms 

0.5185 

2.5525 

1.763 

0.6602 

3.25 

2.245 

H 

0.6013 

2.7489 

2.044 

0.7656 

3.50 

2.603 

»Ms 

0.6003 

2.0452 

2.347 

0.8780 

3.75 

2.089 

1 

0.7854 

3.1416 

2.670 

1.0000 

4.00 

3.400 

He 

0.8866 

3.3370 

3.014 

1.1280 

4.25 

3.838 

H 

0.0940 

3.5343 

3.370 

1.2656 

4.50 

4.303 

Ms 

1 . 1075 

3.7306 

3.766 

1.4102 

4.75 

4.705 

H 

1.2272 

3.0270 

4.173 

1.5625 

5.00 

5.312 

Me 

1.3530 

4.1233 

4.600 

1.7227 

5.25 

5.857 

H 

1.4840 

4.3107 

5.040 

1.8006 

5.50 

6.428 

Ms 

1.6230 

4.5160 

5.518 

2.0664 

5.75 

7.026 

H 

1.7671 

4.7124 

6.008 

2.2500 

6.00 

7.650 

Ms 

1.0175 

4.0087 

6.520 

2.4414 

6.25 

8.301 

H 

2.0730 

5.1051 

7.051 

2.6406 

6.50 

8.078 

»Ms 

2.2365 

5.3014 

7.604 

2.8477 

6.75 

0.682 

M 

2.4053 

5.4078 

8.178 

3.0625 

7.00 

10.410 

»Ms 

2.5802 

5.6041 

8.773 

3.2852 

7.25 

11.170 

H 

2.7612 

5.8005 

0.388 

3.5156 

7.50 

11.050 

»Ms 

2.0483 

6.0868 

10.020 

3.7530 

7.75 

12.760 

2 

3.1416 

6.2832 

10.680 

4.0000 

8.00 

13.600 
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Table  2.-VALnE8  of  k  and  j  for  Rectangular  Beams  and  Slabs 

k  -  \/2pn  +  (pn)*  -  pn  .       j  ^  i  ^  y^k 


n  ■■ 

12 

n  — 

15 

n 

-  12 

n  « 

>  16 

V 

P 

k 

■ 

3 

k 

; 

k 

• 

it 

0.0010 

0.146 

0.952 

0.158 

0.947 

0.0068 

0.330 

0.800 

0.360 

0.880 

0.0012 

0.166 

0.948 

0.169 

0.944 

0.0070 

0.334 

0.889 

0.366 

0.878 

0.0014 

0.166 

0.945 

0.181 

0.940 

0.0072 

0.338 

0.887 

0.360 

0.877 

0.0010 

0.177 

0.941 

0.192 

0.936 

0.0074 

0.342 

0.886 

0.372 

0.876 

0.0018 

0.186 

0.938 

0.202 

0.933 

0.0076 

0.345 

0.885 

0.376 

0.875 

0.0020 

0.196 

0.935 

0.217 

0.928 

0.0078 

0.349 

0.884 

0.380 

0.873 

0.0022 

0.2C1 

0.932 

0.222 

0.926 

0.0080 

0.353 

0.882 

0.384 

0.872 

0.0024 

0.212 

0.929 

0.231 

0.923 

0.0082 

0.356 

0.881 

0.387 

0.871 

0.0026 

0.220 

0.927 

0.240 

0.920 

0.0084 

0.360 

0.880 

0.390 

0.870 

0.0028 

0.227 

0.924 

0.248 

0.917 

0.0086 

0.363 

0.879 

0.394 

0.860 

0.0030 

0.235 

0.922 

0.268 

0.914 

0.0088 

0.366 

0.878 

0.398 

0.867 

0.0032 

0.241 

0.920 

0.263 

0.912 

0.0090 

0.370 

0.877 

0.402 

0.866 

0.0034 

0.248 

0.917 

0.271 

0.910 

0.0092 

0.373 

0.876 

0.406 

0.866 

0.0036 

0.254 

0.915 

0.277 

0.908 

0.0094 

0.376 

0.876 

0.407 

0.804 

0.0038 

0.260 

0.913 

0.284 

0.905 

0.0096 

0.379 

0.874 

0.411 

0.863 

0.0040 

0.266 

0.911 

0.292 

0.903 

0.0098 

0.381 

0.873 

0.414 

0.862 

0.0042 

0.270 

0.910 

0.297 

0.901 

0.0100 

0.385 

0.872 

0.418 

0.861 

0.0044 

0.276 

0.908 

0.303 

0.899 

0.0102 

0.387 

0.871 

0.420 

0.860 

0.0046 

0.281 

0.006 

0.309 

0.897 

0.0104 

0.391 

0.870 

0.423 

0.850 

0.0048 

0.286 

0.004 

0.315 

0.895 

0.0106 

0.394 

0.869 

0.426 

0.868 

0.0050 

0.291 

0.908 

0.320 

0.893 

0.0108 

0.390 

0.868 

0.429 

0.857 

0.0062 

0.295 

0.901 

0.324 

0.892 

0.0110 

0.398 

0.867 

0.432 

0.866 

0.0054 

0.300 

0.900 

0.329 

0.891 

0.0112 

0.402 

0.866 

0.434 

0.865 

0.0066 

0.304 

0.899 

0.333 

0.889 

0.0114 

0.404 

0.866 

0.437 

0.864 

0.0068 

0.309 

0.897 

0.337 

0.888 

0.0116 

0.407 

0.864 

0.440 

0.863 

0.0060 

0.314 

0.895 

0.344 

0.885 

0.0118 

0.410 

0.863 

0.443 

0.862 

0.0062 

0.317 

0.894 

0.348 

0.884 

0.0120 

0.412 

0.863 

0.446 

0.861 

0.0064 

0.322 

0.803 

0.352 

0.883 

0.0122 

0.415 

0.862 

0.448 

0.861 

0.0066 

0.325 

0.892 

0.356 

0.881 

0.0124 

0.417 

0.861 

0.451 

0.850 

Table  3. — ^Usb  for  Rbctanqular  Beams  and  Slabs 


V  - 


H 


/.We  ^       / 


k  - 


14 


/. 


y-1-3 


K  - 


nf. 


Ratio  of  Moduli    n  -  12 

u 

/ 

k 

• 

P 

K 

/. 

/. 

k 

i 

P 

K 

500 

0.300 

0.900 

0.00536 

67.54 

600 

0.250 

0.917 

0.00347 

67.30 

550 

0.320 

0.893 

0.00630 

78.58 

650 

0.268 

0.911 

0.00410 

67.19 

600 

0.340 

0.887 

0.00728 

90.48 

600 

0.286 

0.906 

0.00476 

77.66 

14,000 

660 

0.358 

0.881 

0.00831 

102.46 

18,000 

650 

0.302 

0.899 

0.00646 

88.36 

700 

0.375 

0.875 

0.00937 

114.78 

700 

0.318 

0.894 

0.00610 

09.66 

750 

0.391 

-0.870 

0.01048 

127.59 

750 

0.333 

0.889 

0.00694 

111.11 

800 

0.407 

0.864 

0.01162 

140.62 

800 

0.348 

0.884 

0 .00773 

123.00 

600 

0.273 

0.900 

0.00426 

61.98 

600 

0.231 

0.923 

0.00280 

63.26 

660 

0.202 

0.903 

0.00502 

72.50 

650 

0.248 

0.917 

0.00341 

62.60 

600 

0.310 

0.897 

0.00682 

83.49 

600 

0.265 

0.912 

0.00397 

72.60 

16,000 

650 

0.328 

0.891 

0.00666 

94.88 

20.000 

660 

0.281 

0.907 

0.00456 

82.67 

700 

0.344 

0.885 

0.00753 

106.66 

700 

0.296 

0.901 

0.00618 

03. .31 

760 

0.360 

0.880 

0.00844 

118.79 

750 

0.310 

0.897 

0.00582 

104. .15 

800 

0.375 

0.875 

0.00938 

131.25 

800 

0.324 

0.892 

0.00640 

116.60 

Ratio  o 

f  Moduli      n  -  15 

600 

0.349 

0.884 

0.00623 

77.06 

600 

6.294 

0.90 

0.00409 

66.82 

650 

0.371 

0.876 

0.00728 

89.36 

650 

0.314 

0.895 

0.00480 

77.38 

600 

0.391 

0.870 

0.00839 

102.08 

600 

0.333 

0.889 

0.00666 

88.00 

14,000 

650 

0.411 

0.863 

0.00953 

115.17 

18,000 

650 

0.351 

0.883 

0.00634 

100.82 

700 

0.429 

0.857 

0.01071 

128.56 

700 

0.368 

0.877 

0.00716 

113.12 

750 

0.446 

0.852 

0.01193 

142.22 

750 

0.386 

0.872 

0.00801 

126.74 

800 

0.462 

0.846 

0.01319 

156.26 

800 

0.400 

0.867 

0.00889 

138.67 

500 

0.319 

0.894 

0.00499 

71.30 

500 

0.273 

0.909 

0.00341 

61.96 

550 

0.340 

0.887 

0.00685 

82.94 

550 

0.292 

0.903 

0.00402 

72.51 

600 

0.360 

0.880 

0.00680 

95.04 

600 

0.310 

0.897 

0.00466 

83.47 

16.000 

650 

0.379 

0.874 

0.00769 

107.65 

20.000 

650 

0.323 

0.891 

0.00633 

04.89 

700 

0.396 

0.868 

0.00867 

120.37 

700 

0.344 

0.885 

0.00603 

106.57 

750 

0.413 

0.862 

0.00968 

133.51 

750 

0.360 

0.880 

0.00675 

118.80 

800 

0.429 

0.857 

0.01071 

146.87 

800 

0.375 

0.876 

0.00750 

131.25 
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Tab  LB  9. — Strength  of  Solid  Slabs 

For  Various  Percentages  of  Steel  when  (/.  =  16,000,  /«  =  650),  (/.  =  18,000,  /,  =  750)  and 

(/.  =  20,000,  fc  »  800) 
Ratio  n  «  15 

Above  heavy  line  M,  controls.    Below  heavy  line  Me  controls. 


Reinforcement 

Seot*l 

area 

A. 

(12  in. 
wide) 

Moment  (inch-po 

unda) 

Slab 
thick- 
ness 

Effect- 
ive 
depth 

(inches) 

a 

P 

k 

i 

/.  -  16,000 

/.  -  18.000 

/«  -  20,000 

(inches) 

(inches) 

Round 

Square 

2 

/.  -        650 

A  -        750 

/«  -        800 

n  -  15 

n  «  15 

n  -  15 

COnters) 

(Centers) 

. 

4 

3 

/  H-iOH 

H-7H 

0.22 

36 

0.0061 

0.346 

0.885 

9,350 

10.510 

11.000 

4 

3 

/  H-10 

H-7 

0.24 

36 

0.0067 

0.358 

0.881 

10.150 

11.420 

12,690 

4 

3 

I  H-12 

0.25 

36 

0.0069 

0.363 

0.879 

10,550 

11.860 

13.190 

4 

4 

4 

3 
3 
3 

/H-9 

\  H-  4^i 
/H-  8 
IH-4H 

/H-6H 
I  H-llH 
/H-6 

I  H-iOH 
I  H-lO>i 

0.26 
0.28 
0.29 

36 
36 
36 

0.0072 
0.0078 
0.0081 

0.369 
0.380 
0.385 

0.877 
0.873 
0.872 

10,950 

12.310 
13,200 

13,680 

11,650 
11.780 

14.330 
14,500 

13.600 

4 

3 

t  H-  4>4 

I  H-  9K 

0.31 

36 

0.0086 

0.394 

0.869 

12.020 

13.870 

14.790 

4 

3 

rH-7 

tH-4 

0.34 

36 

0.0094 

0.407 

0.864 

12.340 

14.240 

15.190 

4>i 

3H 

{H-9 
IN-  6 

I  H-iiH 

0.26 

42 

0.0062 

0.348 

0.884 

12,870 

14.480 

16,090 

4M 

3H 

f  H-  8H 
\  H-  4K 

/H-  6 

0.28 

42 

0.0067 

0.358 

0.881 

13.810 

15.540 

17,270 

4H 

3H 

/H-8 
I  H-  4H 

0.20 

42 

0.0069 

0.303 

0.879 

14,270 

10.060 

17.840 

4H 
4M 

3H 
3H 

/  >i-  7H 
I  H-  4>4 
/H-  7 

\H'  4 

0.31 
0.34 

42 
42 

0.0074 
0.0081 

0.372 
0.385 

0.876 
0.872 

15.210 

17,110 

19.010 

16.040 

18,510 

19.740 

IH 

3H 

IH-IO 

I  H'  4^i 
I  H-  8>i 

0.36 

42 

0.0086 

0.394 

0.869 

16.360 

18,870 

20.130 

4H 

SH 

^  H-  9H 

/  H-  4H 
I  H-  7?i 

0.39 

42 

0.0093 

0.406 

0.865 

16,780 

19.360 

20.650 

5 

f  H-10 

H-7 

0.24 

48 

0.0050 

0.320 

0.893 

13.720 

15.430 

17.150 

5 

/  H-  9H 

f  H-12 

0.23 

48 

0.0052 

0.324 

0.892 

14.270 

16.060 

17.840 

5 

f  H-9 

l«-  5 

/  H-iiH 

0.20 

48 

0.0054 

0.329 

0.891 

14.830 

16.680 

18.530 

5 

/  H-  8H 
I  H-  4^i 

/  H-iOH 

In-  6 

0.28 

48 

0.0058 

0.337 

0.888 

15.910 

17.900 

10,890 

5 

/H-8 
\  H-  4H 

/  H-ioH 

0.29 

48 

0.0060 

0.344 

0.885 

16,430 

18.480 

20.530 

5 

f  H-  7H 

/  H-  9H 

0.31 

48 

0.0065 

0.354 

0.882 

17.500 

19.690 

21,870 

5 

rM-7 

l«-  4 

0.34 

48 

0.0071 

0.367 

0.878 

19,100 

21.490 

23,880 

5 
5 

\H-10 
/H-6 
l«-9H 

/  H-  8U 
I  H-  4^i 
/  H-  7^i 

I  H-  4>i 

0.36 
0.39 

48 
48 

0.0075 
0.0081 

0.374 
0.385 

0.875 
0.872 

20.160 

22.680 

25.200 

20,950 

24.170 

25,780 

5 

1  H-  5H 
IH-8H 

fH-  7 

l>i-  11 

0.43 

48 

0.0090 

0.402 

0.866 

21,720 

25.060 

26,740 
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Tabus  9.— (Continued) 

\ 

Reinforoement 

Sect'l 

1 
Moment  (inch-pounds) 

8Ub 

thiok- 

neas 

Effeoi- 

ive 
depth 

(inehea) 

area 
4. 

(12  in. 
wide) 

0^S 

• 

c 

• 

P 

k 

f 

i 

/.  -  16.000  /.  -  18.000 

/*  =  20,000 

(inohes) 

(inohes) 

Round 

Square 

2 

• 

/•  -        650  /.  -        750 

/c  -       800 

• 

n  -  15 

n  -  15 

n  -  16 

(Centers) 

(Centers) 

5>i 

4H 

/  H-llH 
^H-6H 

0.26 

54 

0.0048 

0.315 

0.895 

16.750 

18,850 

20,940 

1 

5H 

4H 

/H-8H 
IH-4H 

/  H-io« 
\H-6 

0.28 

54 

0.0052 

0.324 

0.892 

17.980 

2a230 

22.480 

5H 

4H 

/H-8 
IH-4H 

/  H-IOH 
IH-5H 

0.20 

64 

0.0054 

0.329 

0.891 

18.600 

20.930 

23.260 

5H 

4H 

f  H-  7H 
I  H-  4>i 

f  H-  9H 
^  H-  6H 

0.31 

54 

0.0057 

0.335 

0.889 

19.840 

.    22.320 

24,800 

5>i 

4H 

H-7 

\H-4 

/  H-  8H 
I  H-6 

0.34 

54 

0.0063 

0.350 

0.884 

21.640 

24.360 

27.050 

5H 

4H 

/  H-  6M 

/  H-  8H 
^  H-  4H 

0.36 

54 

0.0067 

0.358 

0.881 

'    22.840 

25.600 

28,540 

6W 

5H 

4H 

4H 

4H 

/H-  6 
I  W-  9H 
/  H-  6H 
Ih-8H 

I  H-  7K 

i  H-  7H 
^  H-  4H 
/H-7 

I  H-u 
/  >i-  6H 
iH-io 

0.39 
0.43 
0.47 

54 
54 
54 

0.0072 
0.0080 
0.0087 

0.369 
0.384 
0.396 

0.877 
0.872 
0.868 

24.630 

27.700 
30.370 

30,780 

26.450 
27,160 

32,550 
33,410 

31.320 

0 

5 

/  «-  8H 
iH-4« 

1  H-lO?i 
I  H-6 

0.28 

60 

0.0047 

0.312 

0.896 

20,070 

22,580 

25,090 

6 

5 

/H-8 
IH-4H 

i  H-lOH 
^  H-  6H 

0.29 

60 

0.0048 

0.315 

0.895 

20.760 

23.360 

25,960 

6 

5 

/H-  7H 
I  H-  4H 

/H-9H 
^  H-  6>i 

0.31 

60 

0.0052 

0.324 

0.892 

22.120 

24.890 

27.650 

e 

5 

/H-  7 
lH-4 

r  H-  8H 
^H-  6 

0.34 

60 

0.0057 

0.335 

0.889 

24.180 

27.200 

30.230 

6 

5 

/  H-  6H 
IH-IO 

/  H-  8H 
I  H-  4H 

0.36 

60 

0.0060 

0.344 

0.885 

25.490 

28.670 

31,860 

6 

5 

/H-6 

^  H-  9H 

1  H-  7H 
^  H-  4H 

0.39 

60 

0.0065 

0.354 

0.882 

27.520 

30,960 

34,400 

6 
6 
6 

5 
5 
5 

/  >i-  6H 

^H-8H 

fH-6 

^  H-  7^ 
/  H-  4H 
I  H-7 

/H-7 
I  H-ll 
/  H-  6H 
^  H-iO 

/  H-  6H 
lH-9 

0.43 
0.47 
0.62 

60 
60 
60 

0.0072 
0.0078 
0.0087 

0.360 
0.380 
0.896 

0.877 
0.873 
0.868 

30.170 

33.940 
36,930 

37,710 

32.350 
33.510 

39.810 
41.240 

38.670 

e>i 

5H 

/H-8 
\  H-  4M 

/  H-lOH 
^H-5H 

0.29 

66 

0.0044 

0.303 

0.899 

22,940 

25.810 

28.680 

en 

6>i 

/  H-  7H 
\  H-  4H 

/  H-  9H 
^  H-  6H 

0.31 

66 

0.0047 

0.312 

0.896 

24.440 

27.500 

30.560 

6H 

5H 

i  yi-  7c. 

1  H-  4c. 

/H-8H 
I  H-6 

0.34 

66 

0.0052 

0.324 

0.892 

26.600 

3a020 

33.360 

6H 

5H 

/H-6H 
IH-lO 

/  >i-  8H 
I  H-  4H 

0.36 

66 

0.0055 

0.331 

0.890 

28.200 

31.720 

35.240 

6H 

5>i 

/H-  6 
^  H-  9H 

/  H-  7H 
IH-4H 

0.39' 

66 

0.0059 

0.340 

0.887 

80.440 

34.250 

38.060 

6W 

6H 

• 

/  H-  5>i 
IH-8H 

iH-7 
I  H-ll 

0.43 

66 

0.0065 

0.354 

0.882 

33.370 

37.550 

41.720 

6H 

5H 

/H-6 
IH-7K 

/  H-  6H 
IH-lO 

0.47 

66 

0.0071 

0.367 

• 

0.878 

36.310 

40.850 

45.390 

11 
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Tablb  9. — {CarUinued) 


SUb 

Effect- 

thick- 

ive 

neu 

depth 

(inches) 

(inches) 

Reinforcement 
(inches) 


Round 


Square 


Sect'l 

• 

area 

a 

.*4 

A. 

m 

sr 

V 

k 

• 

(12  in. 

•*• 

wide) 

2 

Moment  (inch*pounda) 


/.  -  16.0001/.  -  18.0001/.  -  20.00C 
/«  -        650  /«  -        7607.  -       800 
n  -  15 


n  -  15 


n  -  16 


6H 

6H 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7>$ 
7H 
7>i 
7H 
7>i 
7H 
7M 
7>i 
7H 

8 


6H 
6H 
5H 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

m 

6H 

6H 
6M 
6H 
6>i 
6H 
«>i 
6H 
6>i 


(Centers) 

>6-7 
H-4 
H-6H 

J^-  7H 
H-4H 

H-  7 
H-4 

H-10 
H-6 

H-8H 
H-  5 

H-  7 
W-4 
H-  6^i 

H-5H 
H-s 

H-  7H 

H-7 
H-4 

H-6H 
?i-io 
H-  6 
H-OH 
H-  5H 

H-  6 
H-7H 

H-  7 
H-4 

H-6H 

^i-  8 
H-  6 

H-7yi 

!  H-  6H 
I  J^-8H 

/H-6H 

\  «-io 


Centers) 

H-6 

H-8 

H-4H 
^-  7 

M-  8^i 
><-  5 
H-8K 
«-4H 
H-7H 

H-4H 
H-7 

H-11 
H-6H 
H-lO 
H-  5^ 

H-  5 
H-  8 
H-4H 
H-7 
H-4 

H-8H 
H-  5 

H-8K 

H-  4H 

H-  7H 

H-4K 
H-7 

«-ll 

H-6H 
H-io 

M-0 

H-6 

H-8 

H-4H 

H-  7 

H-4 

H-  6H 
H-5H 
H-  8 


,  H-  8H 
1  H-  4H 


0.52 


0  59 


0.67 


0  31 


0.34 


0.36 


0.30 


0.43 


0.47 


0.52 


0.59 


0.67 


0.74 


0.34 


0.36 


0.30 


0.43 


0.47 


0.52 


0.50 


0.67 


0.74 


0.85 


0.36 


66 

0.0079 

66 

0.0089 

66 

0 .0102 

72 

0.0043 

72 

0.0047 

72 

0.0050 

72 

0.0054 

72 

0.0060 

0.382 


0.400 


0.418 


0.300 


0.312 


0.320 


0.329 


72  0 .0065  0 .354 


72 


72 


72 


72 


78 


78 


78 


78 


78 


78 


0.0072 


0.0082 


0.0093 


0 .0103 


0.0044 


0.0046 


0.0050 


0.0055 


0.0060 


0.0067 


78  0.0076 


78  0.0086 


78 


78 


84 


0.0005 


0.0109 


0.369 


0.387 


0.406 


0.421 


0.303 


0.309 


0.320 


0.331 


0.344 


0.358 


0.376 


0.394 


0.409 


0.430 


0.0043  0.300 


0.873 


0.867 


0.861 


0.900 


0.896 


0.893 


0.801 


0.885 


0.882 


0.877 


0.871 


0.865 


0.860 


0.899 


0.897 


0.893 


0.890 


0.885 


0.881 


0.875 


0.860 


0.864 


0.857 


0.900 


30,340 


40.000 


42,460 


26,784 


29,240 


30.860 


33,360 


36.530 


39.800 


43.780 


47.330 


49.310 


50.830 


31.790 


33,580 


36,220 


39.800 


43,260 


47,640 


53.600 


56.420 


58.230 


60,720 


36,290 


44.940 


47.190 


48.990 


40,820 


48.420 


50.350 


52.260 


30.120 

33.480 

32,900 

36.560 

34.720 

38.580 

37.530 

41.700 

41,100 

45.670 

44,770 

49,740 

49,250 

54.720 

54,600 

58.250 

56.890 

60.600 

58,650 

62.560 

35.760 

39.740 

37,780 

41.980 

40.750 

45.270 

44,780 

49.750 

48,670 

54.070 

53.600 

59.560 

60,400 

66.720 

65,100 

60.440 

67,190 

71.660 

70.000 

74,730 

45.360 
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Table  9. — {Continued) 


SUb 

Effec* 

thick- 

ive 

neoB 

depth 

(inches) 

(inches) 

8 
8 
8 
8 
8 
8 
8 
8 

8H 
8H 
8H 
SH 

SH 
8H 
8H 
8>a 

SH 


7 
7 
7 
7 

7 

7 
7 

7 

7H 
7H 
7H 
7H 
7>i 
7>i 
7>i 
7H 
7H 


Reinforcement 
(inches) 


Round 


(Centers) 

H-9H 
H-  5H 
H-8H 

H-  6 

H-  4H 
>6-  7 

H-  4 

H-  6H 
^i-8 

H-  6 

«-  9H 
M-8H 

H-7^i 
H-4H 
H-7 
H-4 

li-  8 
H-  6 
>4-  7>i 

K-8H 
%-  7^4 


Square 


Sect'l 

• 

area 

a 

A. 

• 

p 

ib 

i 

(12  in. 

• 

wide) 

2 

Moment  (inch-pounds) 


/.  -  16.000 
/e  -         650 
n  «  15 


/•  -  18.000 
/.  -        750 
n  -  15 


/.  -  20.000 

/•  -       800 

n  -  15 


(Centers) 

/  H-  7^4 
\  H-  4>4 

0.30 

84 

/H-7 

0.43 

84 

I  ^^-10 

0.47 

84 

l«-9 

0.52 

84 

IH-8 

0  59 

84 

/  H-  4M 
1^-7 

0.07 

84 

/H-4 

0.74 

84 

/  «-  5H 
l«-  8 

0.85 

84 

I  H-  4>4 

0.30 

90 

i  M-  7 
I  ^6-11 

0.43 

90 

I  ^6-10 

0.47 

90 

0.52 

90 

/H-  5 
1  W-8 

0.59 

90 

/  H-  4H 
lH-7 

0.67 

90 

(H-  4 

I  H-  6>4 

0.74 

90 

/  H-  5>i 
Wi-  8 

0.85 

90 

/  H-  6>4 
I  K-  7>4 

0.92 

90 

0.0046 


0.0051 


0.0056 


0.0062 


0.0070 


0.309 


0.322 


0.333 


0.348 


0.365 


0.0080  0.384 


0.0088 


0.0101 


0.0043 


0.0048 


0.0052 


0.0058 


0.0066 


0.0074 


0.0082 


0.0094 


0.0102 


0.398 


0.897 


0.893 


0.880 


0.884 


0.878 


0.872 


0.867 


0.419  0.860 


0.3000.900 


0.315 


0.324 


0.337 


0.895 


0.892 


0.888 


0.356  0.881 


0.372 


0.387 


0.407 


0.420 


0.876 


0.871 


0.864 


0.860 


39,180 


43,010 


46,800 


51,480 


58,020 


63,090 


65,940 


68.860 


42,120 


46,180 


50,310 


55,410 


62,370 
70,430 


73.950 
77,140 


79.240 


44,080 

48,980 

48.380 

53,760 

52,650 

58,500 

57,920 

64.350 

66,270 

72.520 

73,610 

78,760 

76,090 

81,160 

79,450 

84.750 

47.390 


51.950 

57,730 

56,600 

62,890 

62,340 

69,260 

70,170 

77,970 

79,230 

88.040 

85.320 


89.010 


91,430 


52.650 


91,010 


94,940 


97,620 
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Table  10 


Depth 
(inches) 


Cubic  feet  in  one  linear  foot  of  beam  when  beam  widths  are  as  follows: 


8 


10 


11 


12 


13 


14 


15 


16 


8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


0.33 
0.38 
0.42 
.46 
50 
54 
58 
63 
67 
71 
75 
79 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0.83 


0.44 
0.50 
0.56 
0.61 
0.67 
0.72 
0.78 
0.^3 
0.80 
0.94 
1.00 
1.06 
1.11 
1.17 
1.22 
1.28 
1.33 
1.39 
1.44 
1.50 
1.55 
1.61 
1.67 
1.72 
1.78 


0.50 

0.56 

0.56 

0.62 

0.62 

0.69 

0  69 

0.76 

0.75 

0.83 

0.81 

0.90 

0.88 

0.97 

0.04 

1.04 

1.00 

1.11 

1.06 

1.18 

1.12 

1.25 

1.19 

1.32 

1.25 

1.30 

1.31 

1.46 

1.37 

1.53 

1.44 

1.60 

1.50 

1.67 

1.56 

1.74 

1.62 

1.80 

1.69 

1.87 

1.75 

1.94 

1.81 

2.01 

1.87 

2.08 

1.94 

2.15 

2.00 

2.22 

0.61 
0.69 
0.76 
0.84 
0.92 
0.99 
1.07 
1.15 
1.22 
1.30 
1.38 
1.45 
1.53 
1.60 
1.68 


1 
1 
1 
1 
2 
2 
2 
2 
2 


.76 
.83 
.91 
.99 
.06 
.14 
.22 
.29 
.37 


2.44 


0 
0 
0 
0 
1 
1 
1 


.67 
.76 
.83 
.92 
.00 
.08 
.17 


1.26 


1 
1 
1 
1 
1 
1 


.33 
.42 
.50 
.58 
.67 
.76 
1.83 
1.92 
2.00 
2.08 
2.16 
2.25 
2.33 
2.42 
2.50 
2.68 
2.67 


0.72 

0.78 

0.83 

0.81 

0.88 

0.94 

0.90 

0.97 

1.04 

0.99 

1.07 

1.15 

1.08 

1.17 

1.25 

1.17 

1.26 

1.36 

1.26 

1.36 

1.46 

1.36 

1.46 

1.56 

1.46 

1.56 

1.67 

1.54 

1.65 

1.77 

1.62 

1.76 

1.88 

1.72 

1.85 

1.98 

1.81 

1.94 

2.08 

1.90 

2.04 

2.19 

1.99 

2.14 

2.29 

2.08 

2.24 

2.40 

2.17 

2.33 

2.50 

2.26 

2.43 

2.60 

2.36 

2.63 

2.71 

2.44 

2.62 

2.81 

2.53 

2.72 

2.92 

2.62 

2.82 

3.02 

2.71 

2.92 

3.12 

2.80 

3.01 

3.23 

2.89 

3.11 

3.33 

0.88 


1 
1 
1 
1 
1 
1 


.00 
.11 
.22 
.34 
.45 
.66 
1.67 
1.78 
1.89 
2.00 
2.11 
2.22 
2.34 
2.44 
2.56 
2.67 
2.78 
2.89 
3.00 
3.11 
3.22 
3.34 
3.44 
3.56 


NoTB. — For  concrete  weighing  150  lb.  per  cu.  ft.  convert  ou.  ft.  in  table  into  lb.  per  lin.  ft.  by  adding  half  of 
itself  to  any  given  quantity  and  shifting  decimal  point  two  places  to  the  right. 
ExAMPLB. — Beam  10  X  18  in.  —  1.25  ou.  ft.  per.  lin.  ft. 

1.26  +  (M  X  06)  -  1.88  -  1881b.  per  lin.  ft. 
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Diagram  8. 
Use  to  Locate  Points  for  Bending  Reinforcement. 
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4S.  Reinforced  Concrete  Stairs. — Reinforced  concrete  on  account  of  its  fireproof ness 
pennanency  and  adaptability,  has  become  a  very  common  material  for  use  in  the  construction 
of  stairs  and  platforms,  and  has  superseded  to  no  little  extent  the  use  of  steel  and  iron  in  stair 
construction  in  many  types  of  buildings. 

The  most  essential  requirement  of  a  stairway,  with  the  exception  of  strength,  is  fireproof- 
ness,  which  will  insure  a  safe  and  uninterrupted  exit  in  the  event  of  fire.  Stairway  shafts 
should  be  enclosed  with  fireproof  partitions  or  walls  having  fire  underwriters'  labeled  automatic 
firedoor  entrances. 

Stairways  are  usually  designed  with  short  straight  flights,  with  one  or  two  intermediate 
platforms.  Long  uninterrupted  flights  without  platforms  from  one  floor  to  that  of  another 
are  objectionable  and  seldom  employed. 

4Sa.  Design. — ^The  design  of  a  reinforced  concrete  stairway  embodies  the  sim- 
plest form  of  non-continuous  solid  slab  construction  with  span  equal  to  the  horizontal  distance 
center  to  center  of  supports.  The  stairway  consists  simply  of  a  solid  slab  with  risers  and  treads 
formed  upon  its  upper  surface.  The  span  of  the  slab  usually  includes  the  stairway  slab  and  a 
platform  between  the  supports.  The  stresses  in  the  latter  type  of  stairway  slabs  are  more  or 
less  indeterminate,  although  the  usual  practice  of  computing  such  irregular  ones  as  freely  sup- 
ported members,  has  given  satisfactory  results  in  every  known  instance. 

The  design  of  stairways  often  presents  awkward  problems  of  arrangement.  The  beginning 
ol  the  stairway  slab  usually  rests  upon  a  beam  girder  or  special  member  at  the  floor  level,  and 
the  first  platform  is  often  supported  by  an  intermediate  spandrel  beam  or  brick  wall  in  case  of  a 
wall  bearing  building.  When  a  platform  occurs  on  the  interior  of  a  building  (Figs.  47  A  and  47  B), 
specially  devised  rod  hangers  are  usually  provided,  suspending  the  edge  of  platform  from  a 
beam  at  the  floor  above.  Such  hangers  should  be  encased  preferably  in  concrete  and  concealed 
in  partitions  when  the  same  enclose  the  stairway  (see  Figs.  47  A  and  47  B).  Occasionally  it 
is  required  to  design  a  stairway  of  unusual  span  without  the  opportunity  of  providing  inter- 
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le  inclined  concrete  alrii^ora  or  beams  following  the  rake  of  the 
r  both  sidoj,  as  conditions  may  dictate,  are  employed  to  leesen 


mediate  supports.  In  this  c 
stairway  and  Hupporting  one 
the  span  of  etair  slab. 

When  a  winding  stairway  consista  of  three  stair  slabs  and  two  platforms,  the  intermediate 
<tair  slab  is  often  supported  directly  by  the  two  platfonna  (see  Figs.  48  A  and  48  B).     In  this 


case  the  uppcrand  lower  etair  and  platform  slabs  in  combination  are  designed  to  support  the 
concentrated  load  of  intermediate  stair  slab,  in  addition  to  their  own  dead  and  live  loads. 

Stairways  are  usually  designed  for  a  superimposed  live  load  of  from  40  to  100  lb.  per  hori- 
lontal  square  foot,  depending  upon  the  character  of  service  desired.  Theatres  and  public 
gathering  places  demand  greater  attention  to  the  live  loads  assumed  than  stairways  in  office 
buildings,  hotels,  warehouses,  etc.,  where  frequent  congestion  is  a  remote  possibility. 
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Ub.  CODBtruction  and  Details. — Stairways  are  preferably  poured  at  the  same 
time  as  the  supporting  memberB.  If  constructed  after  the  floors  have  been  completed,  it  baa 
often  proved  better  construction  to  install  the  reinforcement,  properly  spaced,  with  ends  of  ban 


projectiDg  a  sufRcient  distance  into  the  supporting  members  at  floors,  prior  to  the  pouring  of 
floors,  otherwise  dowels  at  specified  intervals  should  be  inserted  lonR  enough  to  provide  suitable 
laps  for  stair  rods  when  placed.  In  addition  to  dowels,  rabbets  should  be  farmed  by  means  of  a 
wood  strip  secured  to  the  side  of  beam  form,  to  form  a  support  for  the  future  stair  slab. 

The  method  employed  to  finish  the  tread  or  run  of  a  stairway  is  of  considerable  importance 
when  considering  durability  and  safety.     The  finish  of  tread,  being  subjected  to  the  severest 
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wear,  should  be  treated  with  one  of  the  recogmied  chemical  or  metallic  surface  or  integral  floor 
hardeners  or  else  safety  treads  of  some  dewrable  make  should  be  employed  to  render  the  stair- 
way permanent  and  safe  (see  Fig.  49). 


rirst  to  Second  Floor 


llie  rise  of  a  stair  represents  the  distance  from  the  top  of  one  step  to  the  top  of  the  next 
and  the  run  the  horiiontai  distance  from  the  face  of  one  riser  to  the  face  of  the  next.     The  cus- 
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tomary  rise  employed  varies  from  6K  to  7>j  in.  and  the  run  from  10)^  to  11  in.  Arise  greater 
than  7K  is  objectionable  and  reeults  in  making  a  stairway  too  steep  for  comfort  and  safety 
(see  Fig.  50). 

At  the  upper  juncture  of  risen  and  treads,  sharp  or  angular  camera  should  be  avoided  in 
the  case  of  cement  finish.    Rounded  nosinga  of  cement  are  more  deairable  in 


metallic  treads,  marble,  etc.     When  cement  finishes  are  used,  the  same  should  be  appUed  soon 
after  the  stair  is  poured  (see  Fig.  SI). 

The  railing  most  commonly  used  consists  of  a  2-in.  gas  pipe  rail  with  Htanchions  at  proper 
intervals  to  insure  rigidity.  The  stanchions  are  usually  secured  in  pockela  provided  by  wood 
nlugs  placed  prior  to  pouring  of  concrete,  or  by  means  of  expansion  bolts. 


FlQ.  M.  Fio.  51. 

Concrete  railings  are  often  used  where  open  railings  are  undesirable.  This  form  of  railing 
of  a  reinforced  concrete  slab  3  to  4  in.  thick  with  provision  for  a  wood  hand  rail  secured 
the  top.  The  hand  rail  should  be  placed  on  an  averse  of  about  2  ft.  6  in.  above  the  tread 
a  line  vertical  with  the  face  of  riser. 


WOODEN  GIRDERS 
By  Henry  D.  Dewell 

The  loads  coming  upon  the  girders  of  a  floor  system  consist  of  the  loads  delivered  by 
the  floor  joists,  plus  the  weight  of  the  girders  thcmHclvee,  plus  any  loads  cominK  dir«ctly 
upon  the  girder,  as  distinguished  from  loads  transmitted  by  the  joints.  Girders  often  carry 
partition  loads  directly. 

In  office  buildings,  dwelling  houses,  and  certain  areas  of  other  buildings,  exclusive  of 
warehouses  and  storage  buildings,  where  crowds  of  people  cannot  congregate,  the  livR  Inad 
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RominK  upon  the  girdeiB  ie  reduced  in  iatensity.     The  reduction  factor  is  specified  in  building 
OTdiosnces,  and  is  usually  token  as  20  %. 

Horizontal  shear  at  the  ends  of  girders  often  governs  the  ^rder  section,  as  in  the  case  of  short 
spans  with  heavy  loading,  and  this  stress  should  always  be  checked. 

The  end  connections  of  girders  are  of  much  more  importance  than  the  end 
connections  of  joists,  as  the  girdeis  of  a  building,  tt^ether  with  the  posts,  usually 
form  the  stiffening  frame  of  the  building  against  lateral  forces.  Particular  atten- 
tion also  needs  to  be  paid  to  the  design  of  the  support  of  wooden  girdera,  as 
failure  of  a  girder  would  mean  the  probable  collapse  of  at  least  a  whole  floor  bay.  B*a  ii  t"~u  p 
Wooden  girders,  even  if  continuous  over  two  spans,  ate  generally  computed  ^J'^^"— 'yi» 
as  simple  beams. 

The  detail  of  end  connection  of  Orders  wiU  depend  on  the  type  of  building.  If  such  building 
is  of  mill  construction  with  heavy  masonry  walls,  the  wall  ends  of  girderft  should  be  encased 
ID  wall  boxes,  the  inner  end  connections  designed  to  allow  the  girders  to  fall,  in  case  of  fire, 
without  pulling  the  columns  with  them.     In  other  types  of  buildings,  as  the  mill  type,  stiff 

rigid    connections    of    girders    to 
j    posts  may  be  desirable. 

M.  Girders  of  Stdid  Saction. 
— The  section  of   wooden   girders 
-Bulh-np  cird.r-trpe  (8).  Composed  of  solid  Sticks  of  timber 

are  to   be    designed    exactly    as 
treated  under  "Wooden  Beams." 

4S.  Bnllt-up  Wooden  Girders. — Built-up  wooden  girders  may  be  divided  into  the  fol- 
lowing types: 

(1)  Girdera  constructed  of  planking,  set  side  by  side,  the  width  of  plank  vertical,  as  in 
Fig.  62. 

(2)  Girders  constructed  of  two  or  more  timbers  set  on  top  of  one  another,  but  not  fastened 
together,  as  in  Fig.  53. 

(3)  Girders  constructed  of  two  or  more  timbers  set  on  top  of 
one  another,  and  diagonally  sheathed  with  boards  or  planking,  as 
in  Fig.  54. 

(4)  Girders  oonstructed  of  two  or  more  timbers  set  on  t«p  of 
one  another,  and  effectively  fastened  together  by  means  of  hard 
wood  or  metal  keys  or  pins,  combined  with  bolting,  as  in  Fig.  56. 

Type  (1).~A  girder,  or  beam,  of  this  type,  if  all  planking  ex- 
tends the  full  length  of  girder,  is  of  full  nominal  thickness,  and  is 
well  spiked  and  bolted  together.     It  is  generally  given  credit  for 

being  somewhat  stronger  than  a  girder  or  beam  of  solid  section  of   Fto.  6i. — Built-up  rinlsi~-typ« 
the  same  dimensions,  since  the  planking  is  assumed  to  be  better 
seasoned   and   freer   from   defects,   particularly  checks,   than  the 

larger  solid  timber.  A  construction  of  this  type  is  often  observed  in  small  buildings  where 
planks  are  more  easily  obtained  than  heavy  timbers,  and  where  the  solid  section  construction 
might  incur  purchase  of  additional  material  by  the  contractor. 
*i  Insufficient  spiking,  lack  of  proper  bolting,  probability  of  planking 
under-running  in  thickness,  thus  giving  an  actual  size  of  finished 
beam  less  than  the  solid  section,  possibility  of  some  planks  being 
spliced,  and  the  probability  of  upper  surface  of  girder  being 
uneven^.e.,  one  plank  projecting  higher  than  another,  givii^ 
uneven  bearings  tor  the  joists — are  practical  reasons  for  always 
'""  np  Birder— tyJwT".  "  *'  advocating  the  beam  of  solid  section.  Incidentally,  no  building 
ordinance  gives  the  built-up  girder  any  advantage  in  strength. 
Solid  sections  should  be  insisted  upon  for  important  beams.  When  it  is  necessary  to  use  this 
type  of  built-up  girder,  provide  two  bolts  at  each  end,  and  pairs  of  bolts  at  intervals  of  2  ft. 
along  the  length  of  beam,  the  siie  of  bolts  to  be  not  less  than  %  in.,  and  preferably  H  in. 
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Type  (2). — This  type  of  girder  should  never  be  used.  The  strength  of  the  combined 
section  is  practically  no  more  than  the  sum  of  the  strengths  of  the  component  sticks,  each 
stick  acting  as  a  separate  beam.  Even  if  such  a  girder  should  be  constructed  of  planking,  well 
spiked  together,  the  above  statement  of  resulting  strength  would  hold,  as  the  nailing  would  be 
insufficient  to  prevent  one  plank  from  slipping  on  another. 

Type  (3). — In  this  type  of  built-up  girder,  as  in  the  following  type,  the  object  of  all  con- 
nections between  the  component  sticks  (usually  two)  is  to  prevent  relative  motion  along  the 
plane  of  contact.  If  this  condition  of  no-slip  could  be  attained,  the  compound  girder  would 
have  the  strength  of  a  single  stick  of  timber  of  the  same  outside  total  dimensions.  Type  (3) 
is  considerably  less  efficient  than  Type  (4),  both  as  regards  ultimate  strength  and  deflection 
under  load.  The  diagonal  sheathing  is  spiked  to  the  timbers,  and  the  sheathing  should  be  at 
45  deg.  with  the  length  of  girder. 

Tests  made  by  Edgar  Kid  well  (see  Trans.  Am.  Soc.  Mining  Engineers,  1897,  vol.  27)  showed 
an  efficiency  of  approximately  70%.,  based  on  the  ultimate  strength,  as  compared  to  a  beam  of 
solid  section,  while  the  efficiency  factor  based  on  deflection  was  about  50%. 

The  sheathing  for  such  girders  should  be  not  less  than  IK  in*  &nd  not  over  2  in.  in  thickness. 
With  such  sheathing  the  nails  should  be  10  or  12-D  for  the  smaller  thickness,  and  20  to  30-D 
for  the  2-in.  sheathing.  For  a  girder  supporting  uniform  load  the  diagonals  near  the  ends 
require  the  most  spikes.  The  spiking  in  each  diagonal  should  be  concentrated  near  the  plane 
of  junction  of  the  timbers,  and  at  the  ends  of  the  diagonals. 

In  designing  a  girder  of  this  type,  it  must  be  remembered  that  the  case  is  not  similar 
to  that  of  'a  truss.  In  a  truss  are  two  chords,  in  each  of  which,  due  to  the  small  depth  of  chord 
as  compared  to  the  large  depth  of  truss,  thQ  stress  is  practically  uniform  throughout  the  cross 
section  of  each  chord,  and  the  diagonals  take  either  tension  or  compression.  The'side  planking 
in  the  built-up  girder  under  discussion  is  subjected  to  bending  moments,  and,  consequently, 
the  nails  take  unequal  loading.  Any  slip  of  the  nails  under  stress  allows  a  corresponding  slip 
in  the  plane  of  contact  of  the  two  main  timbers,  with  a  consequent  deflection  of  the  girder. 
By  referring  to  p.  239  it  will  be  found  that  nails  under  lateral  or  shearing  strain  slip  at  a 
small  load. 

Type  (4). — In  the  girders  of  this  class,  the  tendency  of  one  timber  to  slip  over  the  other  is 
resisted  by  wedges,  keys,  or  pins  driven  into  the  contact  faces  of  the  timbers.  These  wedges, 
whether  rectangular,  square,  or  round,  perform  their  main  function  through  bearing  against  the 
ends  of  the  fibers  of  the  timbers.  A  second  action  is  pressure  across  the  fibers  of  the  timbers. 
The  action  of  these  wedges  tends  to  separate  the  two  timbers,  resulting  in  tension  in  the  bolts. 
The  amount  of  such  tension  depends  primarily  upon  the  shape  of  wedge.  For  example,  a 
square  key  will  produce  a  greater  bolt  tension  than  a  rectangular  key  with  long  axis  parallel 
to  the  length  of  girder,  while  a  circular  key  or  pin  will  give  the  greatest  tension  in  the  bolts. 

The  number  and  size  of  keys  is  to  be  determined  directly  from  consideration  of  horizontal 
shear  in  the  girder,  in  accordance  with  the  principles  of  Sect.  1,  Art.  63,  and  illustrated  in  the 
typical  example  hereafter. 

The  bolts  in  such  a  girder  are  assumed  to  take  only  tension,  although,  due  to  their  resistance 
to  lateral  forces,  they  add  somewhat  to  the  strength  of  the  girder.  However,  it  is  always  advis- 
able, and  on  the  safe  side,  to  neglect  such  lateral  resistance  of  the  bolts. 

Kidwell's  series  of  tests  on  girders  of  this  type  showed  a  maximum  efficiency  of  75  to  80% 
of  an  equivalent  girder  of  solid  section,  the  former  figure  representing  girders  with  white  oak 
keys  and  the  latter  figure  with  keys  of  iron. 

Any  shrinkage  in  the  timbers  will  allow  the  component  parts  of  the  girder  to  separate, 
with  a  consequent  loss  of  efficiency,  and  an  increased  deflection.  As  fully  seasoned  timber 
is  not  always  available,  this  type  of  girder  should  be  avoided  for  cases  in  which  the  major  portion 
of  the  load  is  a  constant  load.  For  situations  in  which  the  girder  carries  live  load  for  the  greater 
part,  in  which  access  may  be  had  to  tighten  the  bolts  as  the  wood  seasons,  and  when  it  is  reason- 
ably certain  that  such  maintenance  will  be  given,  this  girder  may  be  used  with  confidence. 
Obviously,  the  keyed  girder  is  particularly  unsuited  for  such  locations  as  will  prohibit  access 
for  tightening  the  bolts,  as  in  a  floor  system  ceiled  underneath. 
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a  of  DeBlgn  of  Solid  and  Built-up  Glrden.— The  following  typical  exan 
win  itliwtnte  the  method  of  design  for  the  most  common  caaee  that  will  be  encountered : 

8tw:  36  rt. 

LeMiins;  Unitoriii  lowl  of  ISOO  lb.  per  linew  foot. 

One  oonnntratad  load  of  WOO  lb.,  7  It.  fi 
One  loneentnted  loul  of  1«,000  lb.  at  center  o[  ipxa. 
Ods  eaniMnlrated  loud  of  2000  lb.,  S  ft.  from  ri(ht  aupport. 
Timber;  Loni  leaf  yellow  pine.  DenH  Structural  Griule. 

The  reactione  are  ^vta  io  Fii.  66  &a<l  the  bendina  moment  curve*  in  Fia,  ST.     The  pvaboU  of  monieDt 
BidCarin  load  is  plotted  above  the  baae  line,  and  the  polyioD  of  momeDie  for  consentrated  loade  below  thi>  lit 
The  foUowinc  unit  itmBes  will  be  used: 

BeodiOE  itreH  on  outer  liben 1800  lb.  per  aq.  in. 

Longitudinal  ihoar 176  lb.  per  »q.  in- 

Bearioi  aerou  grain 4001b.  per  aq.  in. 

BeariniMunat  grain ISOO  lb.  per  aq.  in. 

AiJiif(Kriler.-^Maiiinunibendin(monient-248,IOO 


t.-)b.     Froi 


Fable  I 


1.  lOB.  a 


.  18  X 


DomenC  of 

341.610  ft.-lb.,  which  will  be  new  eODUih  to  be  used,  or 
■  donble  girder  may  be  uaed.  For  example,  3  -  U  X 
ZO-in.  bUoIu  would  hare  s  safe  resietlng  moment  of 
3M.fl70  lt.-lb.  The  required  oroia  eeotion  for  longi- 
lodiual  shear  ia 


IlK    All 

tfiMM'-sf^  "'^^     Jr   Mt^  ff*  ■a' ■at 
=5?         '      •     '—4 


Load!  and  reaetloiM  for  girder  ol 


Either  of  the  above  prden  haa  an  eioeea  of  Umber  (or  ehear. 

BuiU-np  OirJm. — Type  (t)  oould  not  be  conaidered,  ae  no  standard  p 
Type  (2]  would  require  3  -  t«  X  ZO-in.  itickg.  one  on  top  of  the  othe 
Type  <3).— Manmum  bending  moment  -  248, 100 fl.-lb.  Uiingaoel 

daaisnwl  (or  ii  366,000  ft-lb.     Aiauma  ■  width  of  14  in.     The  required  M 
(355.0001(121 


n  bending  moment*  and  apacii 
'B  for  girder  of  Art.  46. 


ig20orZ4in.  iamadt 

impractieal  eoniidera 
!y  factor  o(  70%  them 


.  Btiob,  finiahed  aeetion  13>f  > 


(310,0001(131 


a  width  of  13H  in.,  the  required  depth  ii  Found  to  be  30.2  in.     Dee  2-  I4X16-iii.itiDk>.  a48,*ao 
aombiued  aeetion  13H  X  31  in.,  aeetion  modulua  2180. 

A  shear  diagram  in  ueit  oonatraeled.  a*  ehown  in  Fig.  68(a).     Each  ordinate  of  thii  diagram  representa 
total  Tertical  ahear  at  the  point  where  the  ordinate  ia  taken,  and  thia  total  vertioal  ahear  ie  proportional  to 

trated load  irf  8000  lb.,  tho  total  vertical  ahearjuat  to  the  left  oltbi*  point  ia  31,000-  <T)(1600)  -  21.1001b. 
*  Burfaoed  four  aides. 
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-  21,800  IL-ib.     Tb*  m 


VMof  Um  tl 

9  inteiuity  of  bodwMital 


k  point  imnwdiately  to  the  tigbt  o(  Foiot  (1).  L 


1.100 


J.  per  sq.  in. 


'■(13H)131) 

Th«  next  Alcp  ia  tu  find  ■  meiuiA  for  itatorminiac  the  proper  epftoinft  of  kflyH.     Two  metbodj  will  be  explmined- 

Method  1. — For  thii  puipoH.  the  totd  verticij  abtai  Iwlweon  the  poinl  of  lero  Bfaeu-  uid  each  point  of  divi- 

■ion  of  b«Ain  ie  oomputod  by  addinc  together  the  differentiiJ  Bheers  between  tbeee  two  poinU.     The  oorreapoDdinc 

otdifuite*  ue  drawn,  ^vini  the  line  ABC  in  Fie.  M(6}.     The  auniDiiitiaD  of  the  vertiol  ebenrs  lo  the  ieCt  of  Uh 

point  dI  lero  aheu- u  f  Dimd  to  be  248.0G0  It.-ib. ;  Bateeiuc 

h-^'"* r*1     with  the  value  of  the  betidiii«  moment,  which  furniahea 

•  eheek  on  the  worii.  Bimilarly.  the  BUiomation  of 
the  vertioal  iheara  to  the  right  of  the  point  of  aero  ^Kar 
will  give  the  aanie  value. 

6inee,  lor  practical  reaeona.  all  keys  will  be  of 
uniform  bih.  and  muit  therefore  be  ilreaaed  uniformly, 

lor  the  left  half  of  girder  will  be  taken  at  G. 

Metbod  2.— A  much  aimpler  motbod  for  ooit 
atrueting  the  total  ahear  diagram  will  now  be  ahown. 
In  Fi«.  67  the  dot-daah  line  repreaenta  the  curve  of  the 
total  bending  moment,  the  ordinatsa  of  this  curve  being 


Td  find  the  propei  apaciog  of  the  keya  for  the  left 
half  of  beam,  the  vertical  ordinate  (248,100  ft-lb.)  ol 

Fio.  68.  boriaontala  drawn  from  these  diviaion  pointa  to  the 

these  ioteraection  poinU  to  the  baae  line.     Tbeee  ordinaCea  divide  the  area  ABK,  (Fig.  5Sb)  or  ADS  (Fig.  B7) 

tion  of  kayfc  ftelerting  to  either  Fig.  S8(t)  or  Rg.  57,  the  proper  apaoing  of  keya  for  the  left  half  ol  the  girder 
ia  found  to  be  two  apaeea  at  20  in.,  one  at  2S  in.  ,aad  one  at  31  in.  The  apacing  of  keya  lor  the  right  of  the  eentar 
of  tfrder  may  be  found  in  the  aame  manner. 

Oirdtr  uiU  RtdaneuUir  Kty- — In  the  above  euunple  the  ^rder  will  firat  be  deaigned  for  rectangular  oaat-iron 
keya.  Aaaumo  0  keya  between  the  left  support  and  the  point  of  aero  ihcaf.  EaoB  hoy  will  therefore  reaial  ooe- 
efth  ol  the  total  horiiontal  shear. 

Tho  required  dimcnaiona  of  each  key  will  be  determined  fiom  the  follnwing  oonaideiation.       The  loroea  aetiag 
upon  the  key  are  abowD  in  Fig.  S9. 
Let  p"  -  maximum  aU-         " 
intenaity  of  pi 


a«ainat     fibera     of 

timber  for  acction  of  I 

^  reaultant  preaaure  aero 


Tin.  SB.^Diagram  of  diilribution  of  pnaaura  on  rectangular  key. 


I  6ben  of  timber  for  aection  of  key 
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in.  Fat  exh  pin  there  will  be  required  bail*  eufBdent 
In  leniion  for  10.800  lb.  Two  K-in.  holte  willbeuaed. 
with  4  X  4  X  Ht-in.  WMhera.  The  deUil  of  one-half 
of  ^tder  ia  shown  in  Fi«.  SI. 


17.  Flitch-pUte  Girders.— A  flitch-plat«  girder  is  a  combination  girder  of  timber  and  steel, 
composetl  of  two  sticks  of  timber  nith  a  st«el  plate  between  them,  or  three  sticks  of  timber  with 
two  stee!  platca,  bolted  togcthpr,  the  contact  planes  between  timber  and  steel  plate  being  parallel 
o  the  plane  of  bendinft  (sec  Fir.  6 


1^118  combination  girder   is    seldom 
used  at  the  present  time,  the  usual 
availability  of  steel  structural  shapes      ^H 
making   the  6itch-plat«  girder  prac-      ^9 
tically     obsolete.       Situations      may    Secfk 
sometimes  exist,  however,  when  the 
use  of  this  type  of  girder  may  be 
warrant«d. 

Consider  any  plane  cross-section  of  such 
defoimation  of  all  points  in  such  section 


'■-h- 


^^J/a-^  S/anMinaf'i^  » 


ibination  girder:  the  deflection  and  also  the 
a  line  normal  to  the  plane  of  bending  must  be  the 
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same.  Since  the  modulus  of  elasticity  is  the  ratio  of  stress  to  deformation,  it  follows  that 
the  extreme  fiber  stresses  of  timber  and  steel  will  be  in  proportion  to  their  moduli  of  elasticity, 

f.      E. 

where  the  subscripts  "i"  and  "«"  represent  timber  and  steel,  respectively.  This  relation 
of  extreme  fiber  stresses  means  practicall}'^  that  with  the  steel  plate  working  efficiently  (extreme 
unit  fiber  stress  of  16,000  lb.  per  sq.  in.)  the  limiting  extreme  unit  fiber  stress  in  the  timbers  is 
approximately  Ks  ^  Ho  of  the  allowable  working  stress  for  steel.  In  the  case  of  a  flitch-plate 
girder  of  long-leaf  yellow  pine  and  steel,  the  timber  would  be  stressed  to  approximately  900 
lb.  per  sq.  in.  The  timber  is  therefore  working  at  an  efficiency  of  about  50%,  while  that  steel 
plate  in  the  rectangular  section  is  only  approximately  55%  efficient  as  compared  to  an  I-beam 
of  equal  depth  and  weight. 

As  an  illustration  of  the  computation  for  the  strength  of  a  flitch-plate  girder,  assume  a  girder  composed  of  3  — 
4  X  16-in.  timbers  of  No.  1  Common  Douglas  fir  (finished  section  3H  X  15H  in),  with  two  H  X  15^-in.  steel 
plates  between  the  timbers. '  With  a  span  of  24  ft.,  it  is  desired  to  find  the  safe  load,  uniformly  distributed,  that  the 
girder  will  support. 

Maximum  allowable  unit  fiber  stress  in  timber  =>  1500  lb.  per  sq.  in. 

Maximum  unit  fiber  stress  for  steel  plate  ■■  16,000  lb.  per  sq.  in. 

B  for  Douglas  fir  -  1.600,000 

B  for  steel  -  29,000,000 

1  600  000 
Therefore,  for  flitch-plate  girder,  the  maximum  unit  fiber  stress  in  bending  can  be  only  06  OQO  000  C^^'^^^)   ""  ^^ 

lb.  per  sq.  in. 

The  resisting  moment  of  the  three  timbers  in  footrpounds  (see  Sect.  1,  Art.  61d)  is 

^-  6^    (12; {QHi2j 30,800  ft.-lb. 

The  resisting  moment  of  the  two  steel  plates  is 

Af-   ^  /Ml  /^  l^  =  (16.000)(0.75)(240)        .^.f^f^   ,. 
M~   -/M«  (^-j ^g^2) 40.000  ft.-lb. 

The  combined  resisting  moment  is  therefore 

30,800  +  40,000  -  70,800  ft.-lb. 
M  "  \iWL  "  70.800  ft.-lb. 

The  detail  of  this  girder  is  shown  in  Fig.  62.  The  timbers  and  steel  of  the  flitoh-plate  girder  should  be  well 
bolted  together;  such  bolting  should  consist  of  not  less  than  two  ^i-in.  bolts,  2-ft.  centers. 

In  designing  a  flitch-plate  girder  for  a  definite  span  and  loading,  the  thickness  of  timber  should  be  from  16  to 
18  times  the  thickness  of  steel. 

48.  Trussed  Girders. — For  situations  in  which  the  span  or  loading,  or  both,  are  too  great 
for  a  girder  of  single  timber  section,  the  trussed  girder  type  is  effective,  if  space  limitations  will 
allow  its  use.  The  trussed  girder  is  preferable  to  either  the  built-up  or  deepened  girder,  or 
to  the  flitch-plate  girder,  principally  on  account  of  its  efficiency  and  reliability  of  action.  In  the 
trussed  girder  no  fear  need  be  entertained  as  to  decrease  of  initial  efficiency  or  increase  of  de- 
flection from  initial  conditions,  due  to  shrinkage  of  timber,  with  consequent  slip  of  fastenings. 

Trussed  girders  may  be  divided  into  four  types,  as  follows: 

(1)  King  Post  trussed  girder. 

(2)  Queen  Post  trussed  girder. 

(3)  Reversed  King  Post  trussed  girder. 

(4)  Reversed  Queen  Post  trussed  girder. 

These  types  are  illustrated  in  Figs.  63,  64,  65  and  66. 

Trupsed  girders  are  adapted  particularly  for  either  uniform  loading  or  concentrated  loads 
situated  symmetrically  with  respect  to  the  center  line  of  girder.  Both  the  Queen  Post  girder 
and  the  Reversed  Queen  Post  girder  are  unsuited  for  unsymmetrical  loading.  Since  each  con- 
tains a  rectangular  panel,  loading  unsymmetrical  in  distribution  with  respect  to  the  center 
line  of  girder  will  cause  bending  stresses  in  the  joints  of  the  girder,  which  cannot  take  such 
stresses. 
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The  determination  of  the  stresses  in  a  trussed  girder  is  a  problem  in  least  work.    For 
practical  purposes  the  following  approximate  formulas  are  sufficient: 

UnifamUy  Distributed  Loading: 

Fi^.  63  and  65.     (King  Post  and  Reversed  King  Post  types) 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  66)  -  H^ 

Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (¥1g.  65)  •  H^-r 

n 

Wa 
Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65)  =  M«-^ 

To  the  stresses  thus  found  in  members  AB  and  BC,  must  be  added  the  flexural  stresses  resulting  from  these 
members  acting  as  beams  carrying  the  uniform  loading  between  A  and  B,  and  B  and  C. 


Fia.  63. — King  post  girder. 


Fzo.  64. — Queen  poet  girder. 


The  bending  moment  in  inch  pounds  in  AB  and  BC  is  Af  -  (l/8)(Tr/2)«/2)(12)  -  HWl;  also  M  "  fS  •> 
/(>i6d>).     The  maximum  unit  flexural  stress  is,  therefore, 

2.25  W I 
•'  "      bd* 

Figs.  64  and  66.     (Queen  Post  and  Reversed  Queen  Post  types) 

Tension  in  FB  and  EC  (Fig.  64)  or  compression  in  BP  and  CE  (Fig.  66)  -    ^Hs^ 

Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB,  BC  and  CD  (Fig.  66)  <-  ^Ho^ 

Wl 
Compression  in  FB  (Fig.  64)  or  tension  in  FE  (Pig.  66)  -  ^Ho^ 

h 

Wa 
Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  and  DE  (Fig.  66)  <«  Hio-^ 

A 

As  in  the  king  post  truss,  to  the  unit  stress  in  the  members  AD  from  the  formula  above  must  be  added  the 
flexural  stress  dtie  to  the  timber  acting  as  a  beam.     The  extreme  fiber  stress  due  to  this  bending  may  be  taken  as 

'       bd* 


Fia.  65. — Reversed  King  poet  girder. 


Fia.  66. — Reversed  Queen  post  girder. 


Concentrated  Loading: 

Figs.  63  and  65.     (King  Post  and  Reversed  King  Post  t3rpe8) 
Concentrated  load  P  at  center  of  span. 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  65)  =■  P 

Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (Fig.  65)    -  ^ 

4a 

Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65)  »  ;^ 

2a 

Obviously,  there  are  no  flexural  stresses  in  this  case  to  be  added  to  the  primary  stresses  found  above. 
Figs.  64  and  66.     (Queen  Poet  and  Reversed  Queen  Poet  types) 
Concentrated  load  P  at  B  and  C 

Tension  in  FB  and  EC  (Fig.  64)  or  compression  in  BF  and  CE  (Fig.  66)  -  P 

Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB,  BC  and  CD  (Fig.  66)  =  ~-^ 


Compression  in  FE  (Fig.  64)  or  tension  in  FE  (Fig.  66)  - 


h 
HPl 

h 
Pa 


Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  or  ED  (Fig.  66)  -  -r- 

n 

The  stresses  resulting  from  these  formulas  are  all  that  need  to  be  considered. 
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48a.  Details  of  Trussed  Girders. — In  the  girders  of  Figs.  63  and  64,  the  vertical 
members  only  are  of  iron  or  steel,  in  the  form  of  rods.  Since  such  rods  are  short,  plain  rods — 
i.e.,  without  upset  ends — should  be  used.  Attention  must  be  given  to  the  washers,  to  the  end 
that  sufficient  area  be  provided  to  avoid  crushing  the  fibers  of  the  timber.  As  great  a  depth 
as  possible  should  be  given  to  these  girders,  not  alone  to  reduce  the  stresses  and  the  deflection 
but  in  order  that  the  Stresses  of  the  end  connections  may  be  kept  within  limits.  With  a  small 
depth  of  girder,  the  inclination  of  the  members  AD  and  DC  of  Fig.  63,  and  AF  and  ED  of  Fig. 
64  will  be  so  small  that  it  may  be  found  impossible  to  design  connections  at  A  and  C  of  Fig. 
63  and  A  and  D  of  Fig.  64  that  will  hold.  As  a  matter  of  fact,  trussed  girders  of  these  types  are 
seldom  used. 

The  horizontal  timbers  of  the  girders  of  Figs.  65  and  66  may  be  single  sticks  or  double  or 
triple  sticks  of  timber,  spaced  with  a  distance  between  sufficient  to  allow  the  diagonal  rods  to 
pass.  One  or  two  rods  may  be  employed.  The  ends  of  the  timbers  are  usually  beveled  off  at  the 
upper  comers  to  provide  a  seat  for  the  washers  of  the  rods.  The  vertical  struts  may  be  of 
timber  or  of  cast  iron,  and  must  be  sufficient  in  section  to  take  their  stress  acting  as  columns. 
The  unit  bearing  stress  between  the  upper  end  of  the  strut  and  the  chord  timber  must  be  within 
the  allowed  limit  for  cross  bearing.  To  accomplish  this,  the  strut  may  be  given  the  area  required 
for  bearing,  or  a  smaller  strut  sufficient  for  column  action  may  be  employed,  and  a  steel  plate 
washer  used.  The  strut  should  be  designed  with  as  wide  a  base  as  possible,  as  there  is  a  tend- 
ency to  pull  the  struts  out  of  line,  when  the  rods  are  tightened.  Similarly,  at  the  lower  end  of  the 
struts,  the  bearing  between  rods  and  the  strut  must  be  examined.  Cast-iron  washers  with 
grooves  for  the  rods,  are  often  used.  To  do  away  with  the  necessity  for  cast  iron  shoes,  square 
bars  are  sometimes  used  instead  of  round  rods,  and  a  flat  steel  washer  placed  at  the  bottom  of 
the  strut,  the  bend  in  the  bars  being  made  just  outside  the  strut. 


^iia>fA 


-4r 

Defail  BoHom  CasMng 
Fxa.  67. — Detail  of  tnmed  gii^er. 


ninstratiTe  ProblAm. — Required  to  design  a  tniaaed  girder,  as  shown  in  Fig.  67,  for  a  building  to  be  used  for 
light  storage:  span  22  ft.,  depth  on  center  lines  3  ft.  4  in.,  loading  uniform  2000  lb.  per  tin.  ft.,  UMtterial  dense  South- 
ern yellow  pine  and  steel. 

The  modulus  of  elasticity  of  the  timber  will  be  taken  at  1,200,000,^  the  corresponding  quantity  for  steel  at 
29,000,000.     Assume  dead  weight  of  girder  at  60  lb.  per  lin.  ft.     Then  total  load  per  lin.  ft.  -  2050  lb. 

Total  load  -  (22)(2050)  -  45.000  lb. 
(5)  (45.000)  (22) 


Direot  stress  in  beam  AB  *>  BC 


46,500  lb. 


(32)(3.33) 

Stress  in  strut  BD  -  (f^)  (45,000)  -  28,100  lb. 

a*         '      ^  An       n/t       (5)  (45.000)  (11.5)        .« «^ ,. 
Stress  m  rod  AD  -  DC  —  n  6)7333) "  48,600  lb. 

Length  a  -   V(ll)'  +  (3.33) «  -  11.5  ft. 
Sise  of  rod: 

At  16,000  lb.  per  sq.  in.,  the  required  area  of  rod  is 

48,600  _  „  «n  .«   :n 

10,000  "  ^'^  ■*»• »°- 

A  l^-in.  square  bar  is  required,  upset  at  the  ends  to  2M  ii^* 
>  This  low  value  will  be  used  in  computing  deflection,  since  its  assumed  load  is  largely  constant  or  fixed. 
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Siaa  of  strut: 
For  bearing  between  the  strut  and  beam  the  area  required  at  300  lb.  per  sq.  in.  ia 

28,100      • 

-350"  -  94  .q.  in. 

For  the  oolamn.  the  area  required  is 

28.100       -- 
3000-  -28«^m. 

Sise  of  beam: 

Asaufne  an  8  X  16-in.  timber,  S4S.     The  section  modulus,  from  Table  6,  p.  108,  is  300.31.     The  maximum 

*  cK^     *         •    (31.000)(12)        -„.„,. 
unit  fiber  stress  is 3003 "  ^'  *"*'  *"• 

Sinoe  the  area  of  section  is  110.24^,  the  direct  stress  is 

116:26 "  ^  '•*•  p"'  ■*»•  *"• 

The  maximum  unit  stress  on  the  extreme  fibers  is  therefore 

1240  +  400  -  1640  lb.  per  sq.  in. 
End  washer: 
An^e  between  the  plane  of  the  washer  and  direction  of  the  fibers  of  wood  ia 

oot-«  y^  -  3.30  -  73  dcg. 

Allowable  unit  pressure  by  Diagram  81  p.  249  »  1200  lb.  per  sq.  in. 

Area  required  is 

48.600        .- 
-J200-  - -*«  "^l- "»• 

Add  area  hole,  or  40  +  6.4  ^45.4  sq.  in.  -  total  gross  area  required. 

Side  of  square  washer  »  \/45.4  ■"  6.75  in. 

The  short  diameter  of  a  square  nut  for  a  2>^-in.  rod  is  Zj^i  in. 

The  maximum  bending  moment  is  along  the  edge  ofnut  when  sides  of  nut  and  washer  are  at  45  degrees,  and 
ia  in  amount  9100  in  .-lb.  The  full  width  of  plate  along  line  of  edge  of  nut  is  5.67  in.  and,  with  this 
width  and  a  flezural  stress  of  24,000  lb.  per  sq.  in.,  the  required  thickness  of  plate  is  0.64  in. 

Washer  will  be  made  6H  X  6K  X  ^Hs  in. 

An  8  X  12-in.  timber  will  be  used  for  the  strut,  and  top  and  bottom  castings  used  as  detailed  in  Fig.  67. 

486.  Deflection. — The  exact  method  for  finding  the  deflection  of  a  trussed  girder  is 
a  problem  in  least  work.  An  approximate  solution  will  be  illustrated  below.  In  the  example  of 
Fig.  67,  assume  the  average  depth  between  center  line  of  the  8  X  16-in.  beam  and  the  center 
line  of  rod  as  ^th  total  depth,  or  25  in.  This  dimension  is  the  depth  at  the  third  point  of  the 
length  of  girder.     Ck>mpute  the  equivalent  moment  of  inertia  of  the  girder  at  this  point. 

Area  8  X  16-in.  timber  -  (7H)(15H)  -  116  sq.  in. 
Equivalent  area  in  steel  -  (116)  (^j^|^)  -  4.81  sq.  in. 

Area  1^4-in.  square  bar  ■-  3.06  sq.  in. 

These  equivalent  areas  are  25  in.  on  centers.     Then  oenter  of  gravity  of  combined  sections  is 

M  -  Itm^<?l'-  9.7  In. 

below  oenter  line  of  >he  8  X  16-ui.  beam. 

Moment  of  inertia  of  combined  section: 

(4.81)(9.7)«  -    452.5 
(3.06)(25  -  9.7)»  -     716.0 

1168.5 
r^^-  gWl»  (5)  (45.000)  (18.309.744)        ^„,.  _.     . 

DeHeotion  -    3^^^^    -  (384)  (20,000.000)  (1168. 5)  "  "'^^^  '°-  "^  ^«  *'^- 

It  must  be  realised  that  this  method  is  approximate  only,  the  principal  indeterminate  fac- 
tor being  the  assumed  average  depth.  For  the  case  of  the  reversed  Queen  Post  type,  the  depth 
should  be  taken  as  the  distance  between  the  oenter  line  of  beam  and  the  center  line  of  the  hori- 
zontal rods. 


182  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  2-49 

PLATE  AND  BOX  GIRDERS 

By  Alfred  Wheeler  Roberts 

For  long  spans  and  heavy  loads,  which  are  excessive  for  the  rolled  sections  of  beams  and 
girders,  plate  or  box  girders,  built  up  of  plates  and  angles,  are  used.  The  most  simple  form  of 
plate  girder  is  composed  of  one  web  plate  and  four  angles,  as  shown  in  Fig.  68.  Another  form  of 
the  plate  girder  is  one  with  flange  plates,  as  shown  in  Fig.  69. 

For  methods  of  determining  reactions,  moments,  shears,  and  moment  of  inertia  of  sections, 
see  chapters  in  Sect.  1.  See  also  the  chapter  on  "Steel  Shapes  and  Properties  of  Sections" 
in  Sect.  2.  Steel  beams  and  beam  girders  are  treated  in  a  preceding  chapter.  Riveting  is 
treated  in  the  chapter  on  "Connections  Between  Steel  Members." 

49.  Determination  of  Resisting  Moment. — There  are  two  general  methods  used 
in  determining  the  resisting  moment  of  plate  and  box  girders.  The  accurate  method 
which  is  much  to  be  preferred  in  all  cases  for  heavy  shallow  girders,  is  called  the 
moment  of  inertia  method.  In  this  method  the  procedure  is  the  same  as  for  determin- 
ing the  resisting  moment  of  a  simple  rolled  beam.     The  moment  of  inertia  is  figured 

_      .-     for  the  total  net  section  of  the  member  and,  from  that,  the  moment  of  resistance  or 
Fxa.  68,  ..11 

section  modulus. 

The  approximate  or  chord  stress  method  assumes  that  the  tensile  and  compressive  stresses 
are  distributed  uniformly  over  the  entire  area  of  the  tensile  and  compressive  flanges  respectively. 
The  moment  arm  of  the  couple,  or  "effective  depth, "  then,  is  the  distance  between  the  centers 
of  gravity  of  the  flange  sections. 

There  is  absolutely  no  doubt  but  that  the  web  takes  some  of  the  bending  and  relieves  the 
flanges.  Ck)nsequently,  most  specifications  permit  H  of  ^^^  gross  area  of  the  web  to  be  counted 
at  the  center  of  gravity  of  each  flange  section.  For  shallow  girders,  it  is  customary  to  design 
by  the  approximate  method  and  then  check  the  design  by  the  moment  of  inertia  method. 

60.  The  Web. — The  depth  of  a  girder  is  governed  by  the  width  of  the  web  plate  and  to  pro- 
duce the  minimum  deflection  should  not  be  less  than  }{ 2  of  the  span.  Some  authorities,  how- 
ever, permit  Hs  ^  Ho  of  the  span  for  depth.  If  these  ratios  are  used,  care  should  be  taken 
that  there  is  sufficient  metal  in  the  flanges  to  reduce  the  deflection.  The  web  should  have  suffi- 
cient sectional  area  to  take  all  the  vertical  shear,  which  is  maximum  at  the  supports,  and  is 
generally  figured  at  10,000  lb.  per  sq.  in.  on  the  gross  area  of  web.  Many  specifications  give  a 
value  for  shear  based  on  the  net  section.  The  net  area,  which  takes  into  account  the  holes 
caused  by  rivets  in  the  end  stiffeners,  is  sometimes  assumed  as  ^  the  gross  area.  In  the  illus- 
trative problems  of  this  chapter,  a  shear  of  10,000  lb.  per  sq.  in.  is  allowed  on  the  exact  net  section. 

The  thickness  of  web  plates  should  be  not  less  than  Heo  of  the  unsupported  distance  be- 
tween flange  angles  and  not  less  than  Ke  in-  thick. 

Since  edges  of  the  web  plates  are  not  likely  to  be  straight  unless  planed,  the  back 
of  the  flange  angles  are  usually  set  ^  in.  beyond  the  edge  of  the  plate. 

61.  The  Flanges. — The  tension  flange  should  be  designed  to  have  sufficient  net 
section  to  take  the  tensile  stress,  allowing  from  14,000  to  16,000  lb.  per  sq.  in.  in  the 
extreme  fiber.     An  allowable  stress  of  16,000  lb.  is  quite  generally  used  in  designing  f][7"Jq 
by  both  the  moment  of  inertia  and  chord  stress  methods. 

The  compression  flange  for  ordinary  cases  should  not  have  less  gross  area  than  the  tension 
flange  and  should  not  have  an  unsupported  lateral  length  of  more  than  30  times  its  width 
(see  Art.  16e). 

If  the  A.R.E.A.  column  formula  (see  Sect.  1,  Art.  97)  is  taken  as  a  basis,  and  allowance 
made  for  the  bracing  effect  of  the  web  in  a  horizontal  direction  (see  also  Art.  16e),  the  maximum 

stress  in  compression  flange  should  not  be  more  than  16,000  —  200r^  and  not  to  exceed  14,000 

lb.  per  sq.  in.  for  girders  with  angles  only  or  with  angles  and  flange  plates.     In  the  formula 
L  =  unsupported  length  and  b  =  width  of  flange. 

If  the  flange  has  a  channel  in  piace  of  a  flange  plate,  or  if  it  has  reinforcing  angles  riveted 
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to  the  general  fi&nge  angles,  thus  congregating  a  mass  of  metal  on  the  extreme  edges  of  thp 
section,  it  ia  permissible  to  stress  it  up  to  16,000  —  ISO,-  but  not  to  exceed  14,000  lb.  per  eq.  in. 
In  proportioning  members  to  make  up  flange  sections,  it  is  desirable,  if  possible,  to  put  at 
least  one-half  the  total  flange  area  required  in  the  chord  angles.  A  flange  should  never  be 
proportioned  bo  that  the  center  of  gravity  is  outside  the  backs  of  the  chord  angles.  As  the  re- 
quired flange  area  varies  with  the  bending  moment,  flange  plates  when  required  may  be  built 
up  of  several  plates  of  different  lengths,  each  one  of  which  needs  be  only  as  long  as  theoretically 
needed  plus  a  leikgth  at  each  end  which  will  accommodate  sufficient  rivets  to  develop  the 
stress  carried  by  the  plate. 

If  there  is  more  than  one  cover  plate  in  a  flange  section,  it  is  good  practice  to  run  the  plate 
next  to  the  chord  angles  the  full  length,  especially  if  the  girder 
carries  a  wall  or  ia  uaed  as   a   grillage  girder  to  distribute  the  load 
over  a  foundation. 

BS.  Stiffener  Angles. — Stiffener  angles  should  be  placed  at  the 
ends  of  girders  and  at  the  inner  edges  of  bearing  plates  and  should 
be  of  sufficient  section  to  take  the  end  buckling  (see  Fig.  70).  They 
should  be  riveted  to  the  girder  with  a  sufficient  number  of  rivets  to 
take  the  vertical  shear. 

To  prevent  buckling  of  the  web  between  supports,  stiffeners 
should  also  be  placed  at  points  of  concentrated  loads  and  at  inter- 
mediate  points  when  the  thickness  of  the  web  is  less  than  Ho  of  U>b 

unsupported  distance  between  flange  angles  (see  Fig.  71).  They  should  not,  however,  be 
spaced  farther  apart  than  the  depth  of  the  full  web  plate,  with  a  maximum  spacing  of  5  ft. 
(In  this  connection,  see  Art.  16c.) 

Stiffener  angles  at  ends  of  girders  and  at  points  of  concentrated  loads  should  be  designed  as 
columns  taking  the  shear  or  load  as  the  case  may  be  through  sufficient  rivets  to  transmit  it  to 
or  from  the  web.  In  calculating  these  as  columns,  their  length  is  to  be  considered  as  one-half 
the  depth  of  the  girder.  In  proportioning  the  sizes  of  these  main  stifleners,  the  outstanding  leg 
should  not  be  less  than  Hq  of  the  depth  of  the  girder  plus  2  in.  It  is  considered  good  practice 
and  good  construction  to  make  the  outstanding  legs  of  stiffener  angles  1  in.  leas  than  the  out- 
standing leg  of  the  chord  angles. 

In   proportioning    the   size    of    intermediate   stiffener 
angles,  which  are  simply  to   prevent  buckling,  there  is  no 
,  accurate  way  to  determine  their  size,  but  in  common  prac- 

tice they  are  generally  made  the  same  size  as  the  end 
stiffeners  only  of  thinner  metal,  and  the  rivets  are  spaced 
twice  as  far  apart  as  in  the  end  stiffener  angles.  All 
stiffener  angles  should  be  milled  to  bear  top  and  bottom 
gainst  the  chord  angles  and  although  they  are  sometimes 
crimped  to  avoid  the  use  of  fillers  under  them,  it  ia  con- 
sidered by  most  authorities  to  be  better  construction  to 
provide  fillers  under  the  stiffeners  and  avoid  crimping. 
ji,^  jj_  B3.  Web  and  Flange  Splices.— It  sometimes  becomes 

necessary  to  splice  the  web  of  a  girder,  either  on  account  of 
the  excessive  shipping  length  of  the  member  or  owing  to  the  web  plate  being  unobtainable  in 
one  piece.  The  maximum  lengths  at  which  wide  plates  are  obtainable  arc  given  in  the  various 
Bt£el  manufacturers'  handbooks.  For  design  of  web  splices,  see  Art.  127.  For  design  of  flange 
splices,  see  Art.  128. 

64.  Web  Riveting. — When  a  girder  is  loaded  there  is  a  tendency  for  the  flange  angles  and 
plates  to  slide  horiiontally  past  the  web,  due  to  the  horizontal  shear.  The  horizontal  shear  at 
any  point  aloikg  the  connection  between  flange  and  web  per  linear  inch  of  girder  is  given  by  the 
general  formula  (sec  Sect.  1,  Art.  63) 

.  .>"0 
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in  which  vi  «  horizontal  shear  per  linear  inch  of  girder. 

V  »  total  vertical  shear  at  section  through  point  under  consideration. 

Q  »  statical  moment  of  the  two  flanges  about  the  neutral  axis  of  girder  at  the  section 

considered. 
/   »  moment  of  inertia  of  entire  cross  section  of  girder  about  neutral  axis  of  girder  at 

the  section  considered. 

The  above  formula  gives  the  horizontal  shear  per  linear  inch.  If  a  load  is  applied  directly  to 
the  top  flange  at  the  section  considered,  under  which  no  sti£Fener  angles  are  used,  the  rivets 
at  this  point  in  the  top  flange  would  evidently  have  a  vertical  component  of  stress  as  well  as  a 
horizontal  component.  The  vertical  component  to  consider  would  be  the  load  per  inch  of 
girder.  The  stress  to  use  in  determining  the  rivet  pitch  in  such  a  case  would  be  the  resultant 
of  these  two  components. 

In  especially  heavy  and  shallow  girders,  where  the  girder  is  designed  by  the  moment-of- 
inertia  method,  the  rivet  pitch  in  the  web-legs  of  the  flange  angles  should  be  determined  as 
suggested  above.  For  ordinary  conditions,  however,  where  the  chord-stress  or  approximate 
method  is  used,  the  horizontal  shear  per  linear  inch  is  found  by  dividing  the  shear  at  the  section 
considered  by  the  effective  depth  at  that  section.    The  following  simple  formula  may  be  em- 

I  ployed  for  figuring  rivet  spacing  at  any  point: 
_..     ^    .^  -        effective  depth  X  rivet  value 
Rivet  pitch  = y 
The  rivet  pitch  at  the  end  of  a  girder  is  usually  assumed  constant  for  a  distance 
equal  to  the  effective  depth  of  the  girder. 
Fig.  72.          '^^  number  of  rivets  required  in  the  end  stififener  angles  and  the  number  of 
rivets  required  for  a  distance  equal  to  the  effective  depth  adjacent  to  the  end  is  identical. 
Rivets  should  not  be  spaced  closer  than  3  diameters  of  the  rivets  apart  or  a  greater  distance 
than  16  times  the  least  metal  thickness,  with  a  maximum  of  6  in.  on  centers. 

In  designing  plate  or  box  girders,  the  spacing  of  rivets  should  be  investigated  to  make  sure 
that  the  section  can  be  developed  for  the  shear,  as  in  many  cases  girders  are  designed  which 
cannot  be  properly  riveted. 

66.  Flange  Riveting. — Cover  plates  should  be  riveted  at  their  ends  with  rivets  spaced  from 
2}^  to  3  in.  on  centers  to  develop  the  stress  which  the  plate  is  taking.  Some  speci- 
fications call  for  the  member  to  be  fully  developed  in  rivets.  The  rivets  in  the  re- 
mainder of  the  plate  should  be  spaced  not  over  16  times  the  least  metal  thickness 
and  not  over  6  in.  on  centers  in  a  direction  parallel  with  the  line  of  stress.  The 
maximum  edge  distance  for  any  rivet  should  not  be  greater  than  S  times  the  least 
thickness  of  metal  and  not  over  6  in.  The  maximum  distance  apart  in  a  direction  at 
right  angles  to  the  line  of  stress,  should  not  exceed  32  times  the  least  metal  thickness. 

66.  Web  Reinforcement. — Web  plates  are  reinforced  against  buckling  with  stiff ener  angles, 
as  explained  in  Art.  52.     If  a  girder  has  a  heavy  load  concentrated  near  a  support,  thus  produc- 
ing a  large  amount  of  shear  at  the  support,  it  is  not  economical  to  provide  a  web  the  entire 
length  of  the  girder  capable  of  withstanding  the  maximum  shear.     This  can  be  overcome  by 
^^^^^^' reinforcing  the  web  plate  by  the  addition  of  reinforcing  web  plates,  as  shown  in  Fig. 
I    f    P     '72  and  only  extending  this  plate  far  enough  beyond  the  point  where  it  is  needed 
to  develop  it  with  rivets. 

67.  Box  Girders. — For  a  girder  requiring  a  large  amount  of  resistance  to 
I    g.    ^     shear,  or  a  wide  flange  for  lateral  stiffness  and  for  distributing  of  loads  either  to 
Hi  Hint     or  from  the  girder,  the  box  girder  Is  very  effective.     Two  common  types  are  shown 
Pio.  74.      in  Figs.  73  and  74. 
68.  Combined  Stresses. — Probably  the  best  example  of  combined  stresses  due  to  com- 
pression and  lateral  bending  is  the  top  flange  of  a  crane  runway  girder,  which  is  taking  com- 
pression due  to  the  vertical  load  and  is  taking  lateral  bending  due  to  the  cross  travel  of  a  load 
on  the  crane.     The  extreme  fibers  should  be  designed  to  take  the  combined  stress  due  to  direct 
compression  and  compression  produced  by  bending. 
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99.  Information  Regarding  niustrative  Problems. — Following  are  illustrative  problems 
in  the  design  of  plate  and  box  girders  for  ordinary  conditions.  The  working  stresses  used  are 
taken  for  illustrative  purposes  only.    Other  working  stresses  may  be  substituted. 

mastratiTe  Problem.     A  SimpU  Plate  Oirder  Analyzed  by  the  Turn  Methods. — What  ia'the  moment  of  resisi- 
anoe  of  a  plate  girder  oompoeed  of  1  web  plate  48  X  H  m*  and  4  angles  6  X  6  X  H  in*,  as  ahown  in  Fig.  7AT 

Moment  ef  Inertia  Method.^ThB  first  step  is  to  determine  the  moment  of  inertia  of  the  entire  section  about  the 
«-«•  which  is  taken  through  the  center  of  gravity  of  the  groes  section  (see  Art.  26). 


/  of  4  angles  6  X  d  X  H 


i  of  1  plate  48  X  H 


f  4(1«.4) 

I  4(4.36)(22.61)«  - 
(0.5)(48)» 


12 


61.6 
8.911.18 
-    4,608.0 


Total  gross  I  -  13,580.78 


/  of  2  holes 


1(1. 


26)(0.87)»(2) 


12 


0.137 


25)(0.87)(2)(22)«  -  1063.7 
Total'*net  I 


I- 


1,053.837 


12.526.95 


*5 


fl 

e 


(16,000X12,526  95) 


FiQ.  75. 


-  8,265,204  in.-Ib. 


H(48.5) 

Chord  Sireee  Method. — One-eighth  of  the  gross  area  of  the  web  will  be  considered  available  for  each  flange 
aection. 

2  angles  6  X  6  X  H  -  (2)  (4.36)  «•    8.72 
39007^  tHOOOA  49P00A  Tl^poOM^  y^  ^f  the  area  of  web  pUte  -     8.00 


J 


/s*-(r±nr'0'±if''r 


i 


7tf*'r . 


*^£^ 


3 


Area  in  compression  flange  ■■ 
Area  of  hole  in  flange  angles  -  (2)  (0.87)  (0.375)  - 


11.72 
0.65 


lSn7 


'<^*'  ''«*«'  Net  area  in  tension  flange  -  11 .07  sq.  in. 

Fio.  76.  Then 

M  -  (11.07)  (16.000)  (45.22)  -  8,009.000  in.-lb. 

lUnstratiTe  Problem.  Plate  Oirder  with  Flange  Platee. — Make  a  general  design  of  a  plate  girder  to  span  75  f  t- 
and  to  support  the  concentrated  loads  shown  in  Fig.  76,  with  a  depth  limited  to  a  6-ft.  web  plate.  Consider  H 
of  the  gross  area  of  the  web  plate  as  flange  section  and  assume  that  allowance  has  been  made  in  the  loads  given,  to 
take  eare  of  the  dead  weight  of  the  girder  itself.     Reactions  are  shown. 

As  mentioned  in  Art.  60,  the  web  should  not  be  less  in  thickness  than  H«o  of  the  dear  distance  between  flange 
angl<w.     Therefore,  assuming  that  the  flange  angles  will  have  6-in.  legs  against  the  webs,  the  least  tbidcneas  that 


the  web  should  be  made  is 


60.5 
160 


-0.377  in. 


H  in.     A  72  X  H-iO'  web  will  be  investigated  for  shear.    Assum- 


ing that  the  girder  will  frame  into  a  column  at  the  supports  by  means  of  the  end  stiflPener  angles,  the  number  of  9ir 
tn.  rivets  (5630,  bearing  value  on  H-in>  web)  required  at  the  end  to  take  the  maximum  shear  is 

118,000       -      -  AL 


5630 


21  rivets. 


TIm  net  web  area  (allowing  ^i-m.  hole  for  a  H-in.  rivet)  is 

(72)  (0.375)  -  27.0  sq.  in. 

minus  (21)  (0.375)  (0.875)     «     6.89  sq.  in. 


20.11  sq.  in.  net. 


FiQ.  77. 


Then  the  web  will  be  good  for  (20.11)  (10.000)  «  201,100  lb.,  and  is  therefore  good  for  the  shear. 

As  the  point  of  maximum  bending  moment  is  at  the  point  where  the  shear  changes  sign.  M  occurs  at  the  60,- 
OOD-ib.  load  and  equals  2,535,(X)0  ft.-lb.    Assuming  the  effective  depth  to  be  5  ft.  9  in.,  the  flange  stress  will  be 


2.535.000 


5.76 
eompoaed  as  follows: 


—  440,869  lb.    Then  the  flange  area  required  will  be 


440.809 
16.000 


M  27.55  sq.  in.  net,  and  the  flange  can  be 


(H)  (72)  (0.375)  -    3.375 

2  anises  6  X  6  X  ^  (minus  ^  holes  in  each)  -  16 .400 
1  PI.  14  X  ^  Hi  (minus  2  holes)  -    8.421 


28.196  sq.  in. 

The  length  of  the  cover  plate  can  be  determined  either  analsrtically  or  graphically.  It  can  be  found  analyt- 
ically by  determining  the  point  at  each  side  of  the  section  of  maximum  moment  where  the  chord  angles  and  portion 
of  the  web  considered  as  flange  area  is  sufficient  to  take  the  flange  stress.  The  graphical  method  is  commonly  used 
however,  where  there  are  a  number  of  concentrations.  This  method  is  also  very  convenient  for  a  girder  with  a 
uniform  load  in  which  the  bending  moment  varies  in  the  form  of  a  parabolic  curve. 

Vor  the  case  in  hand  s  diagram   should  be  plotted,  as  in  Fig.  77. 
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Lay  ofiF  a  line  A-B  to  any  convenient  aoale  equivalent  to  the  span  of  the  girder.  Lay  off  pointa  to  scale  where 
the  different  concentrated  loada  occur,  as  (7,  i),  £  and  F.  Calculate  the  bending  moments  at  each  of  these  points 
and  lay  them  off  to  some  convenient  scale  at  right  angles  to  line  AB,  such  as  CO,  DH,  EK  and  FL.  Draw  a  line 
connecting  A,  Q,  Hy  K,  L,  and  B  which  will  give  the  bending  moment  diagram. 

At  the  maximum  moment  point  D  divide  line  DH  into  as  many  equal  parts  as  there  are  square'inchee  in  the 
total  flange  area  and  lay  off  on  this  line  the  proportional  part  of  the  area  contained  in  each  portion  of  the  flange 
section,  such  as  DM  —  area  of  %  gross  area  of  web  plate,  MN  —  net  area  of  2  angles  6  X  6  X  ^,  and  NH  »  net 
area  of  the  14  X  ^M«-in.  cover  plate. 

Where  the  horisontal  line  passing  through  point  N  intersects  the  bending  moment  line  each  side,  will  be  the 
extreme  length  for  which  cover  plate  is  required.  However,  the  plate  should  be  extended  each  side  a  sufficient 
distance  beyond  these  points  to  permit  the  plate  to  be  developed  with  sufficient  rivets  before  it  is  actually  needed 
as  a  part  of  the  girder.  At  each  point  where  the  concentrated  loads  occur  there  should  be  stiffener  angles  of  suffi- 
cient sise  and  with  enough  rivets  to  transmit  into  the  web  the  loads  applied. 

The  end  stiffeners  should  be  capable  of  taking  the  end  web  buckling  and  be  riveted  to  the  web  with  sufficient 
rivets  to  take  the  end  shear. 

Since  the  web  is  less  in  thickness  than  Ho  of  the  unsupported  distance  between  flange  angles,  the  girder  must 
be  provided  with  intermediate  stiffener  angles  at  a  distance  not  over  5  ft.  apart  to  prevent  the  buckling  of  the  web. 

Illustrative  Problem.  Box  Oirder. — Design  a  box  girder  supporting  two  10-in.  H-columns,  each  carrying  a 
load  of  176,000  lb.  as  shown  in  Fig.  78,  assuming  that  an  allowance  is  made  in  the  loads  given  to  include  the  dead 
weight  of  the  girder.     Ai  -  As  -  176.000  lb.     Af (max.)  >«  3,520,000  ft.-lb. 

As  Ka  of  the  span  is  a  good  proportion  for  the  depth  of  the  web  plate,  assume  that  a  60-in.  web  plate  will  be 
used.  On  account  of  the  manner  in  which  the  loads  are  delivered  to  the  girder  a  double  web  or  box  girder  wiU  make 
the  beet  section  to  use,  placing  the  webs  under  the  flanges  of  the  column. 

Consider  the  design  of  the  web  for  shear.     As  the  reaction  is  176,000  lb.  and  the  allowable  shearing  stress  10,000 

iu  •  *  '  176,000      ,_^        .  .„, 

lb.  per  sq.  m.,  a  net  area  of    |q  qqq  "  17.6  sq.  in.,  will  be 

needed.  The  number  of  rivets  required  in  the  end  stiff- 
ener angles,  to  take  the  end  reaction,  assuming  H-in. 

/Ptiqoo/Xx  m,opotb.  Jj|^  "^^^  ^'^  "°**j7S!*ooo  ^**^  ^^"  "*'^"^*  '^'*®  "^  ^^ 

rivet)  will  be  (o\  (4420^  "  20  rivets  in  each  web.  There- 
fore the  net  width  of  the  web  plate,  allowing  H-in.  hole 
for  a  ^-in.  rivet,  will  be  60  -  (20)  (0.875)  -  42.5  in. 
Then  the  combined  thickness  of  the  two  webs  required 

will  be 

17.6 


, 1 L_ 


42.5  -  °"  •"• 


FxQ.  78.  -^^  each  web  should  not  be  of  less  thickness  than  He  in., 

each  web  will  be  made  60  X  !Ke  in. 

Assuming  the  effective  depth  to  be  57  in.  »  4.75  ft.,  the  maximum  flange  stress  will  be    '  .  yV —  ■■  741,052 

7^1  n't  2 
lb.     Then  the  flange  area  required  at  this  point  will  be  "lu'/wyi  "  46.31  sq.  in.  net.     Considering  }4  of  the  gross 

area  of  the  web  plate  as  flange  area  and  assuming  the  cover  plates  to  be  24  in.  the  flange  may  be  composed  of  the 
foQowing: 

iH)  (2)  (60)  (He)  -    4.68 

2  angles  6  X  6  X  ^Me  (minus  2  holes  in  each)     -  15.34 

1  PI.  24  X  H  (min^is  2  holes)  -  13.90 

1  PI.  24  X  Me  (minus  2  holes)  -  12.46 


46.38  sq.  in. 

As  the  maximum  flange  section  is  only  needed  for  a  part  of  the  length  of  the  girder,  there  is  a  point  where  the  24  X 
Ke-ii^*  cover  plate  can  be  omitted,  but  the  24  X  ^-in.  plate  should  be  continued  the  full  length  of  the  girder  in  order 
to  hold  the  two  webs  together.  It  is  not  necessary  to  make  the  thickest  plate  the  one  to  be  extended,  but  it  is  con- 
sidered good  practice  to  place  the  thickest  plate  immediately  on  the  chord  angles. 

In  order  to  determine  how  long  the  upper  cover  should  be,  it  can  be  determined  graphically  as  explained  in 
the  preceding  problem.  The  length,  however,  can  be  determined  analytically  as  follows:  The  area  of  the  members 
in  the  flange,  excluding  the  24  X  M  e-in.  plate,  is  33.02  sq.  in.  net  This  amount  of  area  will  develop  a  flange  stress 
of  (33.02)  (16,000)  -  542,720  lb.,  and  a  bending  moment  of  (542,720)  (4.75)  «  2,577,020  ft.-lb.  Then  the  point  on 
the  girder  at  each  end  where  this  flange  area  will  be  used  to  its  limit,  will  be  the  point  where  the  bending  moment 
will  be  2,577,920  ft.-lb.  or  a  distance  from  the  end  of 

^^^-  14.6472  ft.  or  M  ft.  7K  in. 

Therefore  the  length  of  the  cover  plate  will  be  30  ft.  8>^  in.  plus  the  distance  at  each  end  necessary  to  develop  with 
rivets  the  stress  carried  by  the  plate. 

The  maximum  pitch  of  the  rivets  connecting  the  web  to  the  chord  angles  should  be  as  follows:  In  the  dis- 
tanoe  between  the  support  and  the  nearest  concentrated  load  the  pitch  should  not  exceed 

(67)(8840)  _o«fi:„ 

-"iTG-iOOO-  "  ^-^^  *°- 
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In  the  distance  between  the  concentrated  loads,  where  the  shear  is  theoretically  lero,  the  rivet  pitch  is  theoretic- 
ally indeterminate,  but  as  the  rivet  pitch  of  any  rivet  in  the  girder  should  not  exceed  16  times  the  least  metal  thick- 
new  in  a  line  parallel  to  the  line  of  strees,  the  maximum  pitch  in  this  case  should  not  exceed  5  in. 

The  end  etiffeners  should  be  designed  to  take  the  end  shearing  stress  and,  assuming  that  the  ends  of  the  girder 
win  frame  into  a  supporting  member,  only  two  stiffener  angles  can  be  used,  one  on  the  outside  of  each  web  on 
aooount  of  stiffener  anises  on  the  inside  of  webs  being  inaccessible  for  field  riveting. 

As  the  -  for  the  ordinary  girder  stiffener  is  usually  small,  and  since  according  to  the  A.R.E.  A.  column  formula 

(see  Seet.  1.  Art.  97)  the  maximum  allowable  stress  per  sq.  in.  should  not  exceed  14,000  lb.,  it  will  be  found  (except 
in  special  oases)  that  it  is  safe  to  figure  stiffener  angles  at  14,000  lb.  per  sq.  in.     Therefore  the  end  stiffener  angles 

should  have  an  area  of 

178.000       ,^  _- 

-14:000  -  ^^-^^  "^-  '''' 

Two  5  X  5  X  ^Ms-in.  an^ee  will  be  satisfactory. 

At  the  two  points  of  concentrated  loads,  there  should  be  eight  stiffener  angles,  two  on  each  side  of  each  web, 
and  the  four  on  the  inside  of  the  girder  should  be  connected  with  a  web  plate,  forming  a  diaphragm  or  separator 
between  the  two  webs,  all  being  milled  to  bear  top  and  bottom  and  with  sufficient  rivets  to  take  the  load  into  the 
web. 

Aa  the  concentrated  load  is  the  same  as  the  end  reaction,  there  will  be  needed  in  the  eight  stiffener  angles  a 
combined  area  of  12.57  sq.  in.,  or  8  —  3M  X  3  X  Me-in.  angles  will  suffice. 

As  the  thickness  of  the  webs  is  lees  than  Ho  of  the  distance  between  the  flange  angles,  the  girder  should  be  pro- 
vided with  intermediate  stiffener  angles  on  both  sides  of  both  webs,  not  over  the  effective  depth  of  the  girder  apart. 

mustratiTe  Problem.  DistribuUng  OriUaffe  Girder. — Design  a  girder  distributing  the  load  of  two  columns  over 
a  foundation,  as  shown  in  Fig.  79,  assuming  the  bearing  pressure  on  the  foundation  at  30.000  lb.  per  sq.  ft.  and  the 
distance  "A**  limited  to  2  ft.  by  local  conditions. 

The   center   of   gravity   or   point   e.g.   of   the   loads   must    first   be 
determined. 


Di.U„c  B  .  <«°°-°?P><3?°>  -  8.89  ft. 


Distance  C  « 


1.440,000 
(640.000)(16.0) 
1.440,000 


-  7.11  ft. 


6$qooo!t 
JVcg. 


eoaoootb. 


^e,oc/^ 


In  order  for  the  girder  to  equally  distribute  the  loads  over  the  foundation, 
the  girder  must  be  made  symmetrical  in  length  about  the  center  of  gravity 
of  the  loads.  Knowing  distance  A  to  be  2  ft.,  the  distance  D  is  readily 
determined,  making  a  total  length  of  21.78  ft.  for  the  girder. 

Sinee  the  total  load  »  1,440,000  lb.,  then  the  load  per  linear  foot  will  be 


<^<gg% 


^.00' 


z/r 


c^^^ 


.^^ . 


1,440.000 
21.78 
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66,1151b. 


If  the  allow- 
60.115 


able  bearing  <»paoity  of  the  foundation  is  30,000  lb.  per  sq.  ft.,  then  the  width  of  the  girder  must  be  ^  ^^^  — 

2.2038  ft.,  say  27  in.  On  aooount  of  the  required  width  of  the  girder  flange,  a  box  girder  as  shown  in  Fig.  80  will  be 
most  adaptable.  The  center  web  will  be  figured  to  take  one-half,  and  the  side  webs  one-quarter  each  of  the  total 
IomL 

The  next  thing  to  consider  is  the  number  and  the  sise  of  the  stiffener  angles  required  under  each  of  the  column 
loads,  and  also  the  number  of  rivets  required  in  each  stiffener  angle,  so  that  the  net  width  of  the  web  plates  can  be 

detefmined.     At  the  point  of  the  800,000-lb.  concentration,  a  combined  area  will  be  needed  in  the  stiffener  angles  of 

800.000 

~  57.15  sq.  in.     Assuming  16  stiffener  angles  at  this  point,  16  angles  5  X  3H  X  H  will  give  sufficient 


14.000 


area.    Assuming  the  rivets  to  be  in  single  shear  on  the  outer  webs  and  in  double  shear  for  the  middle  web, 

800  000 

—  12  rivets  will  be  needed  in  each  stiffener.     As  the  maximum  shear  »  (8)  (66. 115)  »  528,920 


(16)(4420) 

lb.,  a  total  net  web  area  will  be  deeded  of 


528.920 
10.000 


52.89  sq.  in.     Assuming  a  web  48  in.  deep,  the  net 

52.89 


Fio.  80. 


width  will  be  48  -  (12)  (0.875)  «  37.5  in.     The  total  web  thickness  required  will  be  ^^  ^  -  1.40  in. 

1.40  '    1.40 

^  0.7in.  thick,  or  say  ^  in.     The  side  webs  should  be-^ —  ■>  0.35 


Then  the  center  web  should  be 


in.  thick,  or  say  N  in.     The  girder  will  be  made  48H  in.  back  to  back  of  angles. 

At  the  point  of  the  640,000-lb.  concentration  a  combined  area  will  be  needed  in  the  stiffener  angles  of 

640.000 
14,000" 


B  45.72  sq.  in. 


Assuming  16  stiffener  angles  at  this  point,  16  angles  5  X  3H  X  H  wUl  give  sufficient  area.     Taking  the  rivet 

640.000 
values  as  before  TTairrms^  "  10  rivets  will  be  needed  in  each  stiffener  angle.     As  the  number  of  rivet  h<Jes  to  be 
(ID)  (44^) 

deducted  from  the  web  plate  at  this  point  is  less  than  at  the  other  point  and  the  maximum  shear  is  the  same,  the 
wdlM  selected  are  more  than  sufficient. 

The  maximum  bending  moment  will  occur  midway  between  the  concentrated  loads  and  will  equal— -  ' g 

2.115.680 
» 2,1 15.680  ft.'lb.     Assuming  an  effective  depth  of  45  in.,  the  maximum  fiange  stress  will  equal — ^^^ —  « 
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664  181 
664,181  lb.     The  net  flange  area  required  will  be   ^^ 'qqq   >«  35.26   sq.  in.     By   proportioning  the    flange  area 

with  one-half  for  the  center  portion  and  one-quarter  each  for  the  aide  members,  the  flange  may  be  compoaed 
as  follows: 

Web  -  H  X  48  X  IH  -    9 .00 

4  angles  6  X  6  X  H  (minus  2  holes  each  angle)  -  19 .48 

1  cover  plate  27  X  H  (minus  4  holes)  ->    8 .81 

37 .29  sq.  in. 

The  cover  plate  both  top  and  bottom  should  be  extended  the  full  length  of  the  girder  although  it  is  not  needed  for 
strength.  '  The  rivet  heads  on  the  under  side  of  the  bottom  cover  plate  should  either  be  countersunk  and  chipped 
or  the  girder  should  be  thoroughly  grouted  with  a  thin  grout,  to  insure  the  girder  bearing  properly  throughout 
its  entire  length  and  width. 

As  the  side  webs  are  less  in  thickness  than  Ho  of  the  dear  distance  between  the  chord  angles,  these  webs  should 
be  provided  with  intermediate  stiffener  angles  to  prevent  buckling,  at  the  ends  and  at  a  distance  not  greater  than  the 
effective  depth  of  the  girder  apart. 

Although  there  are  no  intermediate  stiffeners  required  for  the  center  web,  the  ends  of  these  webs  should  have 
stifTeners.  In  designing  the  base  of  the  columns  resting  on  this  girder,  it  should  be  seen  that  the  load  is  distributed 
in  a  proper  manner  to  the  ^rder,  so  as  to  make  each  elementary  portion  of  the  girder  take  that  portion  of  the  load 
for  which  it  is  designed.  This  can  be  done  by  means  of  stiffener  angles  and  by  getting  as  much  of  the  column  in 
direct  bearing  over  the  ^rder  stiffener  angles  as  possible. 

As  the  shear  of  this  ^rder  varies  from  aero,  at  the  point  between  the  two 
concentrations  and  at  the  extreme  ends,  to  maximum  at  the  points  of  concen- 
trations, the  web  rivet  spacini^  should  be  figiured  as  explained  in  Art.  54,  by 
dividing  the  girder  into  sections  equal  to  the  effective  depth  and  using  the 
maximum  shear  occurring  in  that  division  as  a  basis. 

Rivets  along  the  bottom  flange  will  be  subjected  to  vertical  stress  in  addi- 
tion to  the  hoHaontal  stress  due  to  longitudinal  shear.     The  vertical  atreaa  is 
_      caused  by  the  uniform  load  applied  in  distributing  the  load  over  the  founda- 
J/SSO/h  ^ioi^*     '^^^  rivets  alonf  this  flange  should  be  figured  to  take  the  resultant  of  the 
horisontal  and  vertical  forces. 
Fio.  81.  On  very  heavy  work  of  this  type,  the  web  plates  are  chipped  to  bear 

directly  against  the  cover  plate  which  is  good  construction,  but  unless  the  sh<H> 
work  is  exceptionally  good  it  is  apt  to  overstress  the  web  rivets  due  to  the  web  not  bearing  properly. 

The  above  type  of  girder  is  also  used  to  distribute  the  loads  to  a  lower  layer  of  grillage  beams,  where  it  would 
be  impractical  to  make  the  girder  wide  enough  to  get  sufficient  bearing  over  the  foundation. 

Illustrative  Problem.  Cfirder  unth  Movino  Loads, — Design  a  crane  runway  girder  of  50-f t.  span,  to  support  a 
10-ton  crane  having  two  wheels  on  the  truck  12-ft.  on  centers,  with  a  load  on  each  wheel  including  impact  of  46,000 
lb.  as  shown  in  Fig.  81.  It  will  be  assumed  that  an  allowance  is  made  in  the  loads  given  for  the  dead  weight  of  the 
^rder. 

.  On  a  iprder  carrjdng  moving  loads,  the  bending  moment  throughout  the  girder  varies  for  every  different  posi- 
tion of  the  loads.  On  a  girder  with  two  equal  moving  loads,  the  maximum  moment  will  occur  under  one  of  the 
loads  when  the  quarter  point  distance  between  the  two  loads  is  coincident  with  the  center  of  the  span  of  the  girder 
(see  Sect.  1,  Art.  58e).     The  maximum  moment  is  found  to  be  890,560  ft.-lb. 

Assuming  the  web  plate  of  the  girder  to  be  48  in.  deep  and  the  chord  angles  48H  in*  back  to  back,  the  effective 
depth  will  be  about  45  in.,  or  3.75  ft.     Then  the  maximum  flange  stress  due 


I2''0'A.  je'-cf 


xr-o' 


4Q4d0lh 


to  vertical  loads  will  be 


890.560 
3.76 


»  237,482  lb.  and  the  required  flange  area  will 


be 


237.482 


14.84  sq.  in.     The  flange  area  required  is  correct  for  the  bottom 


16.000 

flange  only.    Assuming  a  web  plate  48  X  M«  snd  taking  \i  of  the  web-plate 
area  as  flange  section,  the  bottom  flange  may  be  composed  as  follows: 

Web  H  X  48  X  Ms  -     1 .87 

2  angles  6  X  6  X  H  (minus  one  hole  in  each)  «  13.14 


M^r^^ 


4$^jf'm^j        ^ 


^ 


15.01  sq.  in. 


£-^'Mf-^  I 


FxQ.  82. 


The  top  flange  will  get  the  same  stress  as  the  bottom  flange  due  to  the  vertical  loads  and  in  addition  will  get  a  lateral 
stress  due  to  bending  caused  by  the  cross  travel  or  acceleration  of  the  crane  trolley,  from  which  the  load  is  sus- 
pended. The  amount  of  this  force  is  usually  taken  as  Ho  of  the  capacity  of  the  crane,  or  2  tons  in  this  case,  caus- 
ing a  force  of  2000  lb.  acting  on  each  wheeL  The  position  of  the  wheels  causing  the  greatest  lateral  bending  moment 
on  the  girder  is  the  same  position  which  causes  the  greatest  vertical  bending  moment.     Therefore  the  greatest  lateral 

2000 

bending  moment  will  be  directly  proportional  to  the  maximum  vertical  bending  moment,  or (890,560)  (12) 

46,000 

M  464,640  in.-lb.     Then  the  top  flange  must  be  designed  to  take  a  direct  stress  in  compression  of  237,482  lb.  plus 

a  eroaa-bending  stress  of  464,640  in.-lb. 


SeC^-eO]  STRUCTURAL  MEMBERS  AND  CONNECTIONS  189 

AflBuming  a  top  fiance  aection  as  shown  in  Fig.  82,  the  top  flange  should  be  designed  within  the  following 

limitations    (see   Art.   61):  The   maximum  combined  compressive  stress   should    not   exoeed    lOiOOO  —   100 

length 

— — -'  with  a  maximum  stress  of  14,000  lb.  per  sq.  in.,  figured  about  axis  A'A. 

flange  width 

By  the  method  expluned  in  Art.  21  the  bending  moment  should  be  transposed  to  an  equivalent  direct  compres- 
sive stress  and  added  to  the  direct  maximum  compressive  stress  due  to  the  vertical  loads.  The  flange  should 
then  be  designed  for  the  sum  of  the  two  stresses.  It  will  be  found  that  a  top  flange  composed  of  the  following 
mmnbers  will  be  of  sufficient  siie: 

1   plate— 24  XH 
2  angles— 6  X  6  X  ^ 
2  angles— 4  X  4  X  H 

The  next  step  in  the  design  is  to  determine  the  maximum  end  shear  so  that  the  end  stiffener  angles  and  the  web 

can  be  designed.     The  position  of  the  loads  which  will  give  the  greatest  shear  is  when  one  wheel  is  at  the  end  and 

the  other  12  ft.  away  from  the  end.     The  maximum  shear  is  found  to  be  80,9fi0  lb. 

80.060 

The  total  area  required  in  the  end  stiflfener  angles  is ■>  5.78  sq.  in.     Assuming  2  stiffener  angles,  it  is 

14,000 

found  that  2  angles  5  X  3H  X  H  will  be  sufficient.     Assuming  rivets  as  bearing  on  a  M«-in.  web  plate  at  4000  lb. 

80.960 

each,  —  18  rivets  are  required  in  the  stiff ener  angles. 

4690 

The  net  area  required  in  the  web  plate  for  shear  will  be 

80,000 


10,000 


8.09  sq.  in. 


The  net  width  of  the  web  plate  will  be  48  —  (18)  (0.875)  -  32.26  in.     Since  8.09  sq.  in.  are  needed  in  the  web,  then  the 

8.09 

thickness  should  be ■>  0.26  in.  or  K  in*     As  the  web  of  a  girder  should  not  be  less  than  Me  in*  thick,  a  48 

32. 2o 

X  M«-in.  web  will  be  used. 

Since  the  web  is  lees  in  thickness  than  Ho  ot  the  unsupported  distance  between  flange  angles,  intermediate 

stiifener  angles  should  be  provided  to  prevent  web  buckling  at  a  distance  apart  not  greater  than  the  effective  depth 

of  the  girder.     The  web  rivet  spacing  for  the  first  12  ft.,  from  each  end  should  be  the  same,  as  the  maximum  shear 

will  not  change  until  the  second  wheel  position  is  reached.     As  the  top  cover  plate  with  its  outside  an^es  is  acting 

as  a  flat  prder  taking  lateral  thrust,  the  rivets  connecting  the  web  and  outer  angles  should  be  spaced  the  same  as 

any  girder  using  the  shears  produced  by  the  horisontal  forces. 

DESIGN  OF  PURLINS  FOR  SLOPING  ROOFS 

By  W.  S.  Kinnb 

90.  Purlins  Subjected  to  Unsymmetrical  Bending. — A  purlin  is  a  member,  generally  a 
simple  beam,  which  supports  the  roofing  between  adjacent  trusses.    Fig.  83  shows  the  position 
of  a  purlin  with  respect  to  the  other  parts  of  a  roof.    A  complete  discussion  of  choice  of  purlin 
sections,  details  of  connections  of  purUns  to  trusses,  and 
methods  of  fastening  roof  covering  to  purlins  will  be 
found  in  Sect.  3. 

As  shown  in  Fig.  147,  p.  460  for  steel  roof  trusses, 
and  in  Fig.  146,  p.  469  for  wooden  roof  trusses,  purlins 
consisting  of  rolled  shapes,  or  wooden  beams,  are  usually 
placed  with  the  webs,  or  sides,  perpendicular  to  the  top  P^^  ^ 

chord  of  the  truss.     Since  in  most  cases  the  applied  loads 

are  vertical,  or  nearly  so,  it  follows  that  the  plane  of  loading  and  the  principal  axes  of  the  section 
do  not,  in  most  cases,  lie  in  the  same  plane.  Problems  in  design  and  stress  determination  for 
such  conditions  can  not  be  solved  by  the  methods  described  in  the  chapter  on  ''Simple  and 
Cantilever  Beams,"  Sect.  1,  but  require  more  general  formulas  which  take  into  account  the  fact 
tiiat  the  plane  of  bending  and  the  principal  axes  of  the  section  are  not  coincident.  Bending  of 
this  nature  is  known  as  unaymmeirical  hendingj  the  formulas  for  which  are  given  in  the  last 
chapter  of  Sect.  1. 

61.  Load  Carried  By  a  Purlin. — ^The  amount  and  character  of  the  load  to  be  carried  by  a 
roof  purlin  depends  to  some  extent  upon  the  kind  of  roof  covering,  the  slope  of  the  roof,  and  the 
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location  of  the  structure.  These  points  are  considered  in  detail  in  Sect.  3,  Arts.  133  to  136 
inch,  where  tables  of  values  are  given  for  the  different  loads. 

The  load  which  a  purlin  must  be  designed  to  carry  is  a  combination  of  the  weight  of  the 
purlin  and  roof  covering,  the  snow  load,  and  the  wind  load.  These  loadings  are  to  be  combined 
so  as  to  give  the  maximum  possible  stress  on  the  beam  section.  In  general  three  combinations 
of  loading  are  used.     They  are: 

(1)  Dead  load  and  snow  load. 

(2)  Dead  load  and  wind  load. 

(3)  Dead  load,  wind  load,  and  one-half  snow  load. 

Under  Case  3  only  one-half  of  the  snow  load  is  considered.  This  is  due  to  the  fact  that  maxi- 
mum wind  and  snow  loadings  are  not  likely  to  occur  at  the  same  time.  If  a  high  wind  is  blowing 
at  the  time  snow  is  falUng,  the  snow  will  be  blown  from  the  roof  as  fast  sus  it  falls.  In  the  case 
of  a  wet  snow  or  sleet,  part  of  the  snow  will  stay  on  the  roof  in  spite  of  the  wind.  An  allow- 
ance of  one-half  the  maximum  snow  load  seems  to  be  reasonable  for  this  condition. 

The  dead  and  snow  loads  are  vertical  forces,  while  the  usual  assumption  regarding  the  wind 
load  is  that  it  acts  perpendicular  to  the  surface  of  the  roof.  For  the  combinations  given  above, 
(1)  represents  a  vertical  load,  while  (2)  and  (3)  are  inclined  at  an  angle  to  the  vertical. 

62.  Conditions  of  Design. — The  conditions  of  the  design  are  governed  to  some  extent 
by  the  roof  covering.  Where  the  covering  is  very  rigid,  as  in  the  case  of  wooden  sheathing  on 
common  rafters,  the  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  the 
roof.  The  component  parallel  to  the  roof  is  assumed  as  carried  by  the  sheathing,  and  the  com- 
ponent perpendicular  to  the  roof  is  assumed  as  carried  by  the  purlin.  This  is  equivalent  to 
assimiing  that  the  beam  section  is  free  to  bend  only  in  a  plane  perpendicular  to  the  roof. 

Where  the  roof  covering  consists  of  a  material  such  as  corrugated  steel,  which  provides 
little  or  no  lateral  support  for  the  purlin,  the  assumptions  made  above  can  not  be  used.  It  is 
then  necessary  to  design  the  purlin  as  a  beam  which  is  free  to  bend  in  any  direction,  making  use 
of  the  methods  of  unsymmetrical  bending  set  forth  in  the  last  chapter  of  Sect.  1. 

Purlins  designed  under  this  assumption  are  likely  to  require  excessively  large  sections.  To 
avoid  this,  the  purlins  are  often  partially  supported  laterally  by  means  of  tie  rods.  Smaller 
sections  can  then  be  used  for  the  purlins. 

The  methods  of  design  to  be  used  in  the  cases  mentioned  above  will  be  followed  out  for 
typical  cases  which  will  illustrate  the  methods  to  be  used. 

63.  Design  of  Purlins  for  a  Rigid  Roof  Covering. — ^Let  it  be  required  to  design  the  sheath- 
ing, rafters,  and  purlins  for  a  roof  capable  of  withstanding  the  maximum  combination  of  the 
dead  load  of  its  members  and  the  wind  and  snow  loads  given  in  Sect.  3,  Art.  137.  The  material 
is  to  be  pine  with  a  working  stress  of  1000  lb.  per  sq.  in.  Assume  that  the  roof  is  covered  with 
shingles;  that  the  span  of  the  rafters  is  9  ft.  (measured  along  the  line  of  the  roof  surface,  which 
makes  an  angle  of  30  deg.  with  the  horizontal),  and  that  the  trusses  are  12  ft.  apart.  Fig.  84 
(a)  shows  the  general  arrangement  of  members. 

In  making  up  the  combinations  of  loads  carried  by  the  members  it  will  be  found  convenient  to  determine  the 
resultant  load  carried  by  a  single  square  foot  of  roof.  The  resultants  for  the  several  combinations  given  above 
are  as  follows: 

Case  1. — From  the  tables  fi^ven  in  Sect.  3,  Art.  133,  shingles  weigh  about  3.0  lb.  per  sq.  ft.  of  roof,  and  1-in. 
sheathing  weighs  about  4.0  lb.  per  foot  board  measure.  The  dead  load  is  then  7.0  lb.  per  sq.  ft.  of  roof,  a  vertical 
load.  From  Table  8,  p.  467,  the  snow  load  for  a  roof  at  an  angle  of  30  deg.  to  the  horisontal  is  15.0  lb.  per  sq. 
ft.  of  roof.  The  total  vertical  load  is  then  22.0  lb.  per  sq.  ft.  of  roof,  and  the  component  pen>endicular  to  the  roof 
is  19.0  lb.  per  sq.  ft.,  as  determined  by  the  force  diagram  of  Fig.  84(c). 

Cotes  2  and  3. — It  is  quite  evident  that  the  resultant  for  Case  3  has  a  greater  component  perpendicular  to  the 
,  roof  than  Case  2.     As  the  direction  of  bending  is  not  in  question  under  the  assumed  conditions,  we  can  pass  at  once 
to  Case  3. 

The  dead  load  for  Case  3  is  the  same  as  for  Case  1.  and  the  snow  load  is  one-half  as  large  as  for  Case  1.  The 
vertical  component  of  loading  Lb  then,  4  -f  3  -f  7.5  —  14.5  lb.  per  sq.  ft.  of  roof.  From  Table  7,  p.  467,  the  wind 
pressure  normal  to  the  roof  is  24.0  lb.  per  sq.  ft.  of  roof.  As  these  loads  are  not  in  the  same  direction,  the  rosultant 
can  be  obtcuned  by  means  of  a  force  diagram.  The  component  of  load  perpendicular  to  the  roof  can  be  determined 
by  resolving  forces  parallel  and  perpendicular  to  the  roof  surface.  The  force  diagram  of  Fig.  84(e)  shows  that  the 
component  i>erpendioular  to  the  roof  is  36.9  lb.  per  sq.  ft.  of  roof.  Similar  calculations  have  been  made  for  Case  2; 
the  force- diagram  is  shown  in  Fig.  84  (d)- 
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Dtngn  «/  Shtathino, — The  sheathing  is  not  usually  designed,  ezoept  where  unusual  conditions  are  encountered, 
•uoh  as  heavy  loads  or  rafter  siMtoing  greater  than  the  normal,  which  is  from  16  to  24  in.  Under  normal  conditions, 
l-in.  sheathing  will  be  found  to  provide  sufficient  strength. 

In  the  case  under  consideration,  assume  that  l-in.  sheathing  is  used  and  that  the  spacing  of  rafters  is  24  in. 
The  moment  due  to  ihe  normal  component  of  Case  3  for  a  section  of  sheathing  1  ft.  wide  is,  Af  —  Hw2*  ~  H 
(36.0)(2)s(12)  -  221.4  in. -lb.  This  moment  is  resbted  by  a  1  X  12-in.  section  of  sheathing,  for  which  the  sec- 
tion modulus  is  //e  -  HlNf>  -  H(12)  X  (D*  -  2.0  in.>  The  resulting  fiber  stress  is  then/  -  Me/ 1  -  221.4/2.0 
~  110.7  lb.  per  sq.  in.  This  stress  is  very  low,  indicating  that  for  ordinary  conditions  the  design  need  not  be 
flwried  out. 

Dtaign  of  Common  Ra/tera.^A  2  X  6-in.  rafter  will  be  assumed.  At  4  lb.  per  ft.  board  measure,  the  dead  weight 
per  foot  of  rafter  is  (2  X  ^9)4  ■-  4  lb.  The  roof  area  per  foot  of  rafter  is  2.0  sq.  ft.,  and  the  normal  load  to  be 
oarried  for  Case  3  is  2  X  36.9  -  73.8  lb.  per  ft.  of  rafter.  Adding  the  weight  of  the  rafter,  the  total  load  to  be 
carried  by  the  rafter  is  a  uniform  load  of  77.8  lb.  per  ft.  The  moment  is  Af  -  }iwt^  -  H(77.8)(Q)s(12)  -  9460 
in.-lb. 

The  section  modulus  of  a  2  X  6-in.  rectangle  ia  Hhd^  -  H(2)(6)«  -  12  in.*,  and  the  fiber  stress  is/  -  Mc/I 
~  9.460/12  M  788.0  lb.  per  sq.  in.  As  the  allowable  fiber  stress  is  1,000  lb.  per  sq.  in.,  the  assumed  section  is 
sufficient.  Rafter  sections  come  in  commercial  sises,  which  are  2  X  4,  2  X  6,  2  X  8,  etc.  It  is  therefore  not  pos- 
sible to  meet  exactly  the  allowable  fiber  stress  conditions  with  the  available  sections. 


/i^    [Comrnon  nrf/eryry 
■      ■      B      ^  ■ 
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c  mc  trusses  . 
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Deaiffn  of  PurHns.-—Aa  shown  in  Fig.  84(a) ,  the  purlin  section  is  set  at  right  angles  to  the  rafter.  It  is  then  sub  - 
jected  to  a  normal  load  due  to  the  rafters  from  adjacent  paneb.  In  some  cases  the  applied  loads  are  considered  to 
be  uniformly  distributed  along  the  purlin,  and  in  other  cases  the  loads  are  assumed  as  concentrated  at  each  rafter. 
This  latter  assumption  more  nearly  approximates  the  actual  conditions;  it  wiU  be  used  in  this  design. 

As  shown  in  Fig.  84(a),  each  purlin  carries  the  ends  of  two  rafters.  Each  rafter  load  is  then  due  to  the  normal 
load  on  9  ft.  of  rafter.  Including  the  weight  of  the  rafter,  each  load  is  9  X  77.8  -  700  lb.  Fig.  84(b)  shows  the 
position  of  the  loads.  It  will  be  found  that  the  maximum  moment  for  the  position  shown  is  slightly  less  than  for  an 
arrangement  which  places  a  load  directly  at  the  center  of  the  purlin.  From  Fig.  84(b),  the  moment  at  the  beam 
•snter  is.  Af  -  1(2100) (6)  -  700(1  +  3  +  5)]  12  -  75,600  in.-lb.  Assuming  a  6  X  10-in.  purlin,  whose  weight 
is  (6  X  10/12)4  -  201b.  per  ft.,  the  moment  due  to  its  weight  is  Af  »  yivd'  -  H(20)(12)*(12)  -  4,320  in.-lb. 
The  total  moment  is  then  75.600  +  4320  -  79,920  in.-lb. 

For  allowable  /  «  1000  lb.  per  sq.  in.,  I/e  -  Af//  -  79,920/1,000  -  79.92  in*.  Tde  section  modulus  of  the 
assumed  6  X  10-in.  purlin  is  I/e  —  Hb<f>  —  H(fi)(10)'  -  100  in.'  which  is  sufficient.  This  is  as  close  an  agree- 
ment between  assumed  and  adopted  sections  as  is  possible,  using  commercial  sise. 

64.  Design  of  Purlins  for  a  Roof  with  a  Flexible  Roof  Covering. — In  the  preceding  article 
the  design  is  given  for  a  purlin  section  for  a  roof  which  is  so  rigid  that  it  is  possible  to  assume 
that  the  purlin  is  supported  laterally  so  that  it  is  necessary  to  provide  only  for  bending  in  a  plane 
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perpendicular  to  the  roof  surface.  A  caoe  will  now  be  considered  where  the  roof  covering  ie  not 
rigid  enough  to  provide  this  support.  The  purlin  will  have  to  be  designed  as  if  it  were  free  to 
bend  in  any  direction.  This  is  a  case  of  unsynimetricBl  bending.  Two  cases  will  be  conaidetcd, 
one  in  which  the  purlin  ia  free  to  bend  in  any  direction,  the  other  in  which  the  purlin  ia  partially 
supported  by  tie  rods. 

Mo.  Pnriin  Free  to  Bend  in  any  Direction.— A  purlin  is  to  be  designed  to  support 
a  corrugated  steel  roof.  The  purlins  are  to  be  spaced  3  ft.  apart,  and  the  root  surface  is  inclined 
Bt  an  ai^e  of  30  deg.  to  the  horizontal ;  trusses  are  spaced  Ifl  ft.  apart. 

The  workins  loads  will  bs  ttjaa  tbs  buds  u  f  di  tbe  prendiog  dstipi,  sad  tha  vorkiac  ■»«•  in  Uie  ttetl  oill 
be  taken  u  16,000  lb.  pec  aq.  in.  Combiutiatu  at  ludina  aimiliu  to  tboee  for  the  wooden  purlin  will  be  mule,  and 
a  purlin  teotion  delermined  by  tbe  metbodi  uaed  in  the  illiutrative  problem,  p.  S8. 

From  Table  3,  p.  *59.  24iftgH  oorrugatod  steel,  weighing  1,3  lb.  per  «q.  f L,  ean  be  lued  to  ipan  3  ft.  Ai 
lUtedioSect.  3,  Art.  ISSfc,  an  anti-eondenaalicu.  lining,  weigbing  1.3  Ib.peraq.  ft.  iatobeuaedin  oonneotiMiwitli 

■         ■      ~ fllb.  p 

led  to 
rue  weight  wai  lound  and  the  ealoulations  reviaed  as  given  belan 

Cuil.  Duad  Load  and  Sittnt 
Load. — AegiTenaboTe,  tbe  weiftfat 
of  the  roof  ooveriug  is  2.0  lb.  per 
■q.  ft.  of  Totji.  The  revived  purlip 
wei^t  ie  4.1  lb.  persq.  ft.  of  roof. 
Ae  in  the  praoediag  design,  the 
snow  lowl  IB  15  lb.  per  Bq.  (L  of 
roof.  The  total  Tortioal  k«d  ii 
then,  a.e  +  4.1  +  16.0  -  21.T  lb. 
per  eq.  ft.  As  the  putUns  are  3  ft, 
apart,  the  load  per  ft.  of  pnriin  ia 
'  3  X  ai.T  -  65.1  lb.  Coruiderinc 
tbe  purlin  as  a  simple  beam  of 
■pan  equal  to  the  distance  between 
tnisaes,  16  ft.,  the  moment  to  be 
carried  is.  If  -  M  iiI*  -  M(66.1) 
<ie)<<12)  -  2M00in.-Ib.  For  as 
allowable  working  streae  of  lO.OOO 
lb.  per  sq.  in.,  tho  required  eection 
modulusu  S  -  JIf//- 36,100/ 16.- 
OOD  -  1,57  in.>  This  value  ia 
shown  in  the  proper  poaitiDO  In 
Tig.  B6(b},  and  is  the  ^  value  da- 


nj 


'"-  ^  is  a  normal  load  of  24  lb.  per  aq. 

ft.  of  roof,  as  In  the  preeedlng  d^ 
sign.  In  fig.  S6(a).  the  reaultant  of  the  dead  and  wind  loads  as  determined  graphieaUy.  is  39.9  lb.  per  sq.  ft.  The 
load  per  It,  of  puiUn  is  3  X  20.0  -  Se.7  lb.;  the  moment  to  be  eacried  ia  M  -  H  <•»  -  M(S9.71(IS)i(lZ)  - 
34.500  in. -lb.;  and  the  required  3  -  M!S  -  34.600/16,000  -  2.19  in.'  This  is  shown  in  Fig.  S5((>)  in  the  direo- 
tion  determioed  by  the  force  diagram  of  Fig.  S5(a1. 

CoH  3.  T>tad  Load,  Wind  Load,  and  One-halJ  Stuhd  Load. — The  dead  load  is  the  same  as  tor  Case  1,  and  the 
wlndloadistheaameaa  tor  C:Bse2.  One-half  the  snow  load,  as  given  by  Case  1,  ii  T.S  lb.  per  sq.  ft.  of  root.  Ttm 
total  vertical  load  Is  then  14.2  lb.  per  sq.  ft.  of  roof,  and  the  normal  load  is  24  lb,  per  aq.  ft.  The  resultant  of  the 
loads,  which  is  37.1  lb.  persq.  ft.,  ia  shown  In  amounC  and  direction  on  Fig.  SS(a). 

The  toad  per  foot  of  purlin  is  3  X  37.1  -  1 II. 3  lb.;  the  moment  to  be  carried  is  M'  -  Hu>I>  -  M<tll.3)(IB)t 
(12)  -  42,SO0  in.-lb.;  and  S  ~  M/f  -  42,800/10.000  -  2.57  iu.i     This  ia  abown  in  position  in  Fig.  S6(6). 

of  keeping  the  wei^t  aa  low  ae  possible.  It  is  usually  specified  that  the  depth  of  beam  section  shall  benotlese  than 
Me  of  the  span.     Tide  is  done  to  avnd  the  use  of  aectione  for  which  the  deflection  would  be  eiceesive. 

InFig.  S6((iJ,  theS-polygonforaft-in.  12K-lb.  I-lwam  isahown.  This  asctinn  iaaliKhUy  larger  than  neceaaar;, 
butit  providaa  a  olneer  fit  than  any  otheraeotion  of  ita  weight.  The  triie  weight  of  the  section  is  13.26/3  -  4.1  Ih., 
the  value  used  in  the  revised  calaulatiooa. 

ViK.  86(6)  alao  ahowa  the  S-Polygon  for  an  S-in.  ll>l-1b.  channel.  This  section  doea  not  provide  auffleient 
strenotb,  since  Si  projecta  beyond  the  3-Line.  As  other  channels  are  heavier  than  the  adopted  I-beam,  there  fi 
nothing  to  be  gained  by  further  triala. 
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646.  Purlin  Supported  Laterally  by  Tie  Rods. — ^Lateral  support  for  purlins  is 
generally  provided  by  means  of  tie  rods  where  the  roof  covering,  such  as  corrugated  steel,  is 
not  rigid  enough  to  provide  the  proper  support.  These  tie  rods  consist  of  round  rods  fastened 
to  the  web  of  the  purlin  section  in  the  manner  shown  in  Fig.  88.  The  ties  should  extend 
over  the  ridge,  forming  a  continuous  line  between  the  eaves.  This  must  be  done  to  avoid 
an  excessive  side  pull  on  the  ridge  purlin.  If  the  arrangement  of  puiiins  at  the  ridge  is  such 
that  a  continuous  line  can  not  be  used,  then  the  upper  ties  should  be  run  diagonally  to  the 
truss. 

The  number  of  ties  required  for  each  purlin  wUl  depend  upon  the  length  of  purlin  to  be 
supported  and  the  load  to  be  carried.  Generally  a  single  line  of  ties  at  the  center  of  the  purlin 
will  be  found  sufficient.  Tie  rods  will  not  be  found  necessary  for  lateral  support  in  the  case  of 
roofs  where  the  slope  is  less  than  about  3  in.  to  1  ft.  It  is  considered  good  practice  to  use  tie 
rods  in  roofs  with  a  rigid  covering  because  of  the  lateral  support  provided  for  the  purlins  during 
the  erection  of  the  structure.  The  purlins  are  held  in  line  without  additional  falsework  until 
the  roof  covering  is  applied. 

When  a  purlin  is  supported  laterally  by  tie  rods,  the  span  of  the  beam,  for  components 
of  load  parallel  to  the  roof 
surface,    is  equal  to  the      M^j^w^  M'iwif 
distance  between  the  tie 
rods,  or  between  the  tie 
rods  and  the  truss.    As 
far  as  these  loads  are  con- 
cerned, the  purlin  is  a  con- 
tinuous beam  supported 
at  its  ends  by  the  trusses 
and  at  intermediate 
points  by  the  tie   rods. 
For  components  of  load 
perpendicular  to  the  roof 
surface,  the  span  of  the 
purlin  is  equal  to  the  dis-  |! 
tance     between     theC 
trusses,  as  in  the  preced- 
ing design. 

The    applied    loads 
are  uniform  per  foot  for 
both  components  of  load- 
ing.   They    are     deter-  y\q.  86. 
mined  by  resolving  the 

resultant  forces,  determined  as  for  the  preceding  design,  into  components  parallel  and  perpen- 
dicular to  the  roof  surface.  Moments  at  critical  points  can  be  determined  by  the  methods 
given  in  Sect.  1  for  simple  and  continuous  beams. 

In  calculating  the  moments  to  be  carried  by  a  purlin,  it  will  probably  be  best  to  assume  that 
the  purlins  are  only  long  enough  to  span  the  distance  between  adjacent  trusses.  The  moment 
due  to  the  component  of  loads  perpendicular  to  the  roof  surface  will  then  be  given  by  the  for- 
mula M  =  >^toZ*.  It  will  be  found  that  if  a  purlin  be  assumed  to  span  several  trusses,  and  the 
moments  calculated  by  continuous  girder  methods,  the  moment  to  be  provided  for  will  be 
only  slightly  less  than  for  a  simple  beam. 

For  components  of  load  parallel  to  the  roof  surface,  the  purlin  can  be  considered  as  a  con- 
tinuous beam  supported  at  its  ends  by  the  trusses,  and  at  other  points  by  the  tie  rods.  The 
supports  provided  by  the  tie  rods  are  not  as  rigid  as  those  provided  by  the  truss,  so  that  the  con- 
tinuous girder  coefficients  given  in  Sect.  1,  Art.  72((i),  should  be  modified  somewhat.  Fig.  86(a) 
shows  the  values  proposed  for  cases  in  which  the  purlin  is  assumed  as  divided  into  two  parts 
by  the  tie  rod,  and  Fig.  86(6)  shows  the  values  where  the  tie  rods  divide  the  purlin  into  three 
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parts.     It  is  assumed  that  the  coefficient  is  Ko  instead  of  ^y  and  that  the  span  is  equal  to  the 
distance  from  truss  to  tie  rod. 

In  making  use  of  the  S-Polygon  methods  in  the  design  of  purlins  for  the  assumed  conditions, 
it  will  be  necessary  to  determine  the  resultant  moment  at  the  tie  rod  and  also  at  a  point  half  way 
between  the  tie  rod  and  the  truss.  These  resultant  moments  are  equal  to  the  vector  sum  of  the 
component  moments  parallel  and  perpendicular  to  the  roof  surface.  The  values  of  the  flexural 
modulus,  Sj  are  determined  from  these  resultant  moments,  and  the  required  and  provided  S 
compared  by  the  methods  used  in  the  preceding  design. 

A  purlin  will  now  be  designed  supported  by  tie  rods.  The  conditions  will  be  taken  the  same  as  for  the  preceding 
design,  with  the  f  uther  condition  that  the  purlin  is  to  be  supported  by  a  line  of  tie  rods  placed  at  the  center  of  the 
purlin. 

As  the  depth  of  the  purlin  is  usually  limited  to  Ho  of  the  span,  a  6-in.  section  must  be  used.  The  6-in.  section 
of  least  weight  is  a  6-in.  8-lb.  channel,  which  will  be  taken  as  the  trial  section.  The  weight  of  the  assumed  section 
per  square  foot  of  roof  surface  is  H  ^  2.7  lb.  Using  other  values  as  in  the  preceding  design,  the  several  Combi- 
nations are  as  follows: 

Case  1.    Dead  Load  and  Snow  Load. — As  before,  the  dead  load  due  to  corrugated  steel  and  lining  is  2.6  lb. 

per  sq.  ft.  of  roof,  and  the  snow 
load  is  16.0  lb.  per  sq.  ft.  The 
weight  of  the  assumed  purlin  sec- 
tion as  given  above  is  2.7  lb.  per 
sq.  ft.  of  roof.  The  total  vertical 
load  is  then  20.3  lb.  per  sq.  ft.  of 
roof.  From  the  force  diagram  of 
Fig.  87(a)  the  component  of  this 
load  parallel  to  the  roof  surface  is 
10.2  lb.  per  sq.  ft.,  and  the  com- 
ponent perpendicular  to  the  roof 
is  17.6  lb.  per  sq.  ft. 

Using  the  oecflBcients  shown 
on  Fig.  86(a),  the  component  of 
moment  parallel  to  the  roof  ia 
+  «owi»  -  Ho(  +  10.2) (3)  (12) 
(16)*  -  +  2350  in.-lb.  at  the 
quarter  point,  and  —2350  in.-lb. 
at  the  tie  rod.  The  component 
of  moment  perpendicular  to  the 
roof  is  -h  HiV^l*  -  +H2  (17.6)(3) 
(12)(16)«  -  -1-16,200  in.-lb.  at  the 
quarter  point,  and  +H«'l*  ■■  + 
H(17.6)(3)(12)(16)«  -  -1-20,300 
in.-lb.  at  the  tie  rod. 

The  resultants  of  these 
moments,  which  are  determined 
graphically  by  means  of  the  force 
diagrams  of  Figs.  87  (c)  and  ((Ot  are  15,350  in.-lb.  at  the  quarter  point,  and  20,450  in.-lb.  at  the  tie  rod.  It  is  to  be 
noted  that  at  the  tie  rod  the  component  moment  parallel  to  the  roof  surface  is  negative.  In  determining  the 
resultant  moment  Fig.  87 (d),  this  component  is  plotted  to  the  left  of  the  origin.  The  component  of  moment 
perpendicular  to  the  roof  surface  is  positive,  and  is  plotted  above  the  OX  axis,  as  in  the  preceding  cases. 

With  allowable  /  «  16.000  lb.  per  sq.  in.,  S  <-  M/f  »  15,350/16,000  «  0.96  in.*  at  the  quarter  point,  and 
20,460/16,000  B  1.28  in.*  at  the  tie  rod.  These  values  of  <S  are  shown  in  position  on  the  S-Polygon  of  Fig.  87(e). 
The  values  of  S  for  the  section  at  the  tie  rod  are  plotted  below  the  OX  axis,  for,  as  shown  by  the  complete  S-Polygon, 
the  values  of  8  for  the  given  plane  of  bending  are  determined  by  the  fourth  quadrant  S-Line. 

Com  2.  Dead  Load  and  Wiiid  Load. — The  dead  load  due  to  the  roof  covering  and  the  purlin  is  a  vertical  load  of 
6.3  lb.  per  sq.  ft.,  as  determined  for  Case  1,  and  the  wind  load  is  a  normal  load  of  24  lb.  per  sq.  ft.,  as  determined 
for  Case  2  of  the  preceding  design.  From  the  force  diagram  of  Fig.  87(b),  the  component  perx>endicular  to  the 
roof  is  28.6  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  is  2.7  lb.  per  sq.  ft.  By  the  methods  of  Case  1,  it  will  be 
found  that  at  the  quarter  point  the  component  of  moment  perpendicular  to  the  roof  is  -{-24,700  in.-lb.,  and  that 
parallel  to  the  roof  is  -i-626  in.-lb.;  the  resultant  moment,  as  determined  graphically  by  Fig.  87(c),  is  24,800  in.-lb.; 
and  the  required  S  <-  24,800/16,000  »  1.65  in.* 

At  the  center  point,  the  moment  perpendicular  to  the  roof  is  32,900  in.-lb.,  and  that  parallel  to  the  roof  is 

—  625  in.-lb. ;  the  resultant  moment,  as  determined  by  Fig.  87(d) ,  is  33,000  in.-lb. ;  and  the  required  S  »  33,000/ 16,(X)0 

—  2.06  in.'.     These  values  are  shown  on  Fig.  87(e). 

Ccue  3.  Dead  Load,  Wind  Load,  and  One-half  Snow  Load. — With  the  half  snow  load  as  7.6  lb.  per  sq.  ft.,  the 
total  vertical  load  is  12.8  lb.  per  sq.  ft.  As  in  the  preceding  cases,  the  normal  wind  load  is  24.0  lb.  per  sq.  ft. 
From  Fig.  87(b),  the  component  perpendicular  to  the  roof  is  36.1  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  is 
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6.4  lb.  per  sq.  ft.  At  the  quarter  point,  the  moment  perpendicular  to  the  roof  is  30,300  in.4b.,  and  that  parallel  to 
the  roof  is  + 1480  in. -lb.;  at  the  tie  rod  the  corresponding  values  are:  moment  perpendicular  to  the  roof—  40,500 
in. -lb.;  moment  parallel  to  the  roof  —  — 1480  in.-lb.  From  Fig.  87(c),  the  resultant  moment  at  the  quarter  point 
is  30.350  in. -lb.;  the  required  &  -  30,350/16,000  -  1.90  in.*  From  Fig.  87(<0,  the  resultant  moment  at  the 
*  tie  rod-*  40,600in.-lb.;  the  required  iS  -  40.600/16,000  -  2.54  in.> 

I>flC«rin»na<ion  of  PvHin  Section. — Fig.  87(«)  shows  the  ^-Polygon  of  the  assumed  6-in.  channel  section.  It 
will  be  found  that  all  of  the  plotted  values  of  S  lie  inside  of  the  polygon.  The  assumed  section  is  therefore  ample, 
and  wUl  be  adopted. 

The  results  of  this  design  show  that  the  use  of  tie  rods  makes  it  possible  to  use  smaller  sections  for  purlins  than 
for  the  conditions  assumed  in  the  preceding  design,  where  the  purlins  were  assumed  to  be  free  to  bend  in  any  direc- 
tion. Where  the  purlin  was  assumed  to  be  free  to  bend  in  any  direction,  a  6-in.  12>^-lb.  I-beam  was  required. 
Where  tie  rods  were  used,  a  6-in.  8-lb.  channel  was  found  to  answer.  This  represents  a  saving  of  4>4  lb.  per  ft. 
of  purlin. 

From  an  inspection  of 
the  S-Polygon  of  Fig. 
87(e),  it  can  be  seen  that 
the  values  of  required  i8 
lie  dose  to  the  OY  axis. 
For  all  cases,  except  where 
the  roof  slope  is  very  steep, 
it  will  probably  be  correct 
to  assume  that  the  tie  rods 
offer  complete  lateral  sup- 
port for  the  purlin.  The 
design  can  then  be  carried 
out  by  the  methods  used 
in  the  design  of  the  pur- 
lins for  rigid  roof  cover- 
ing, as  given  in  the  first 
part  of  this  article. 

Deaion  of  Tie  Roda. — 
Tie  rods  usually  consist  of 
round  rods  threaded  at  the 
ends  to  provide  a  means 
of  fastening  the  tie  to  the 
purlin  section.     Fig.  88(a)  shows  the  tjrpe  of  connection  usually  used. 

As  the  tie  rods  form  a  continuous  line  from  the  eaves  to  the  ridge,  the  stress  in  the  rods  increases  to  a  maximum 
at  the  ridge.  The  area  of  the  tie  rod  at  the  root  of  thread  must  be  sufficient  to  carry  a  load  caused  by  the  compo- 
nent of  loads  parallel  to  the  roof  acting  over  the  area  tributary  to  the  tie  rod  of  maximum  stress. 

To  illustrate  the  methods  of  design,  assume  that  the  slant  height  of  the  roof  considered  in  the  preceding  design 
is  36  ft.  As  the  trusses  are  16  ft.  apart,  and  there  is  a  single  line  of  tie  rods  at  the  center  of  the  purlin,  the  area 
tributary  to  the  tie  rod  of  maximum  stress  is  36  X  8  -  288  sq.  ft.  From  the  force  diagrams  of  Fig.  87,  it  will  be 
found  that  the  greatest  component  of  load  parallel  to  the  roof  is  caused  by  the  loading  of  Case  1,  and  that  this 
eomponent  is  10.2  lb.  per  sq.  ft.  of  roof.  The  load  to  be  carried  by  the  tie  rod  is  then  288  X  10.2  -  2940  lb. 
With  an  allowable  working  stress  of  16,000  lb.  per  sq.  in.,  the  area  at  the  root  of  thread  is  2940/16,000  -  0.184 
sq.  in.  From  the  table  of  screw  threads  on  p.  238,  also  given  in  the  steel  handbooks,  it  will  be  found  that  a  H- 
in.  round  rod  will  answer.  If  the  load  to  be  carried  is  too  large  for  a  single  line  of  H  or  ^-in.  tie  rods,  the  load 
can  be  reduced  by  adding  another  line  of  ties. 

The  method  of  attachment  of  tie  rods  at  the  ridge  requires  some  consideration.  Two  methods  of  making 
the  ridge  connection  are  shown  in  Fig.  88.  In  Fig.  88(a),  two  purlins  are  provided  at  the  ridge.  The  line  of  tie 
rods  on  either  side  of  the  ridge  is  joined  by  means  of  a  short  connecting  tie.  Fig.  88(b)  shows  the  force  diagram 
for  the  determination  of  the  stresses  in  the  rods  and  the  load  to  be  carried  by  the  purlin  due  to  the  tie  rods.  It  is 
probable  that  a  larger  section  will  have  to  be  provided  at  the  ridge  in  order  to  carry  the  heavy  concentration  brought 
to  this  point  by  the  tie  rod.  Fig.  88(c)  shows  an  arrangement  in  which  a  single  I-beam  forms  the  ridge  support. 
The  diagram  of  forces  is  shown  in  Fig.  88 (J). 
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WOODEN  COLUMNS 
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Interior  columns  of  buildings,  supporting  floors  only,  are  normally  square  in  cross  sectioii, 
while  columns  supporting  roof  trusses  are  usually  made  rectangular  in  order  to  attain  greater 
stiffness  in  the  plane  of  the  roof  truss  than  in  the  plane  of  the  building  wall.  Columns  sup- 
porting roof  trusses  may  take  bending  stresses,  due  to  wind,  far  in  excess  of  the  unit  stresses 
produced  by  the  weight  of  the  roof  and  wall  constructions. 


196 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  2-65 


Interior  columns,  when  exposed,  are  usually  surfaced  four  sides,  and  the  comers  champfered. 
Sometimes  the  columns  are  bored  from  end  to  end  with  a  13^-in.  hole,  and  with  ^-in.  holes 
at  top  and  bottom  extending  from  the  face  of  column  to  the  core  hole.  This  is  done  in  order 
to  prevent  dry  rot,  and  to  relieve  the  usual  condition  of  rapid  drying  out  of  the  exterior  of 
the  column,  and  slow  seasoning  of  the  interior  timber. 

Wooden  columns  with  a  ratio  of  -3  greater  than  20  will  fail  by  lateral  buckling.     No  wooden 

column  should  be  designed  with  a  greater  -j  than  60,  and  good  practice  will  lower  this  limiting 

slendemess  ratio  to  40. 

A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  on 
"Columns''  in  Sect.  1.  For  splicing  wooden  columns  and  for  column  connections,  see  Arts. 
121  and  123.     Bending  and  direct  stress  in  columns  is  treated  in  Sect.  1. 

66.  Formulas  for  Wooden  Columns. — All  modem  formulas  for  wooden  columns  assume 
the  case  of  square-ended  columns,  and  this  condition  of  ends  is  the  only  condition  recognized 
in  practice.     Practically  all  of  the  tests  on  wooden  columns  have  been  made  with  flat  ends. 

A  number  of  formulas  have  been  proposed  and  are  in  use  for  determining  the  safe  working 
strength  of  wooden  columns.  With  few  exceptions  these  formulas  are  of  the  experimental 
type — ^that  is,  they  are  based  on  the  results  of  tests.  The  straight-line  formula  is  the  type 
most  favored  by  engineers.  The  two  formulas  of  this  type  most  generally  used  are  (see  also 
Sect.  1,  Art.  99):  (1)  the  formula  of  the  American  Railway  Engineering  Association 
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Fia.  89. — Curves  of  column  formulas. 
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and  (2),  the  Winslow  formula 

.    '--{'-hi) 

The  second  class  of  column  formulas  gives  a 

curved  graph.     Of  this  type,  the  following  formula  of 

the  U.  S.  Department  of  Agriculture  is  extensively 

employed 

/    700  + 15c     \ 

P  "     V700  +  16c  +  cV 

In  the  above  formulas,  p  =  average  unit  com- 
pression (lb.  per 
sq.  in.). 
C  =  c  o  mpressi  ve 
strength  for  short 
columns  (lb.  per 
sq.  in.). 
L 

L  «  length  of  column  in 
inches. 

d  —  least  cross-sec- 
tional dimension 
of  column  in 
inches. 


For  the  range  of  values  of  T  occurring  in  ordinary  building  construction,  the  three  preceding 
formulas  will  give  approximately  the  same  results.  Fig.  89  shows  the  graphs  of  these  formulas 
for  working  conditions,  with  C  =  1600.     For  columns  with  a  slenderness  ratio  l^j  less  than 

15,  the  unit  stress  to  be  used  is  that  for  j  =  16. 

Table  1,  p.  199,  gives  the  unit  stress  for  timber  columns  for  various  ratios  of  ^,  and  values 
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of  C  from  1000  to  1600  inclusiye,  corresponding  to  the  formula  of  the  U.  S.  Department  of 
Agriculture.  Table  2  gives  similar  quantities  using  the  American  Railway  Engineering  Asso- 
ciation formula.  Table  3  gives  the  safe  loads  in  thousands  of  pounds  for  surfaced  square 
timber  columns,  by  the  American  Railway  Engineering  Association  formula. 

66.  Ultimate  Loads  for  Columns. — ^It  is  sometimes  necessary  to  investigate  the  ultimate 
strength  of  wooden  columns.     Unfortunately,  the  ultimate  strength  of  a  timber  column, 

especially  of  a  long  column,  or  a  column  with  an  -3  of  from  40  to  60,  is  indeterminate     The 

tests  which  have  been  made  on  long  columns  of  sections  commensurate  with  those  used  in 
building  construction  are  not  sufficient  in  number  to  justify  confidence  in  the  values  given  by 
formulas. 

From  the  results  of  tests  made  by  the  Watertown  Arsenal,  J.  B.  Johnson  proposed  for 
timber  colunms  the  following  formulas: 

Ultimate  strength  for  partially  seasoned  yellow  pine  columns 

p  -4500-  l.o(^)* 
Ultimate  strength  for  partially  seasoned  white  pine  column 

p  =2500-  0.6(^V 
Ultimate  strength  for  dry  long  leaf  pine  column 

p  -  6000-  1.5(3)* 

Ultimate  strength  for  dry  white  pine  column 

p  «  3600  -  0.72  R\  * 

W.  H.  Burr,  from  a  study  of  the  same  tests,  recommends  the  formulas: 
For  yellow  pine 

p  -  6800  -  70  2 
For  white  pine 

p  -  3800  -  47  ^ 

a 

One  other  column  formula  needs  to  be  mentioned,  since  it  has  been  used  quite  extensively 

in  the  past.     This  is  the  formula  of  C.  Shaler  Smith  who  made  some  1200  tests  on  full-sized 

specimens  of  square  and  rectangular  yellow  pine  columns  for  the  Ordnance  Department  of 

the  Confederate  Government.     For  green,  half-seasoned  sticks  of  good  merchantable  lumber 

the  formula  of  Smith  is 

5400 

^  250  d« 

This  formula  gives  much  lower  strength  values  for  wooden  columns  than  any  of  the  preceding 
formulas. 

All  of  the  above  formulas  for  ultimate  strengths  are  based  on  short-time  loadings.  J.  B. 
Johnson,  in  some  75  tests  made  to  investigate  the  efifect  of  time  on  continued  uniform  loading 
of  timber  in  end  compression,  found  that  but  little  more  than  one-half  the  short-time  ultimate 
load  will  cause  a  coliunn  to  fail,  if  left  on  permanently.  In  other  words,  the  ultimate  strength 
of  a  timber  column  under  permanent  loads  is  approximately  one-half  the  ultimate  strength 
of  the  same  column,  as  determined  from  the  results  of  an  actual  test  in  a  testing  machine. 

67.  Bollt-ap  Columns. — The  preceding  discussion  applies  only  to  columns  consisting 
of  single  sticks  of  timber.     Built-up  columns  may  be  divided  into  two  types:  (1)  those  of 
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solid  section  made  up  of  thin  planking  and  nailed,  or  nailed  and  bolted;  and  (2)  columns  of 
solid  section  bolted  and  keyed  together,  also  latticed  or  trussed  columns. 

Type  (1). — Columns  of  the  first  class  are  often  used  in  cheap  construction  and,  unfortu- 
nately, in  situations  where  there  is  no  excuse  for  not  using  a  solid  section.  Carpenters,  in  order 
to  make  use  of  material  available  or  handy,  will  often  build  up  posts  spiked  together  instead 
of  using  a  solid  section,  in  the  belief  that  they  are  furnishing  a  stronger  column  than  the  larger 
timber  of  one  piece.  Tests  have  conclusively  shown  that  a  column  of  two  or  thre^  pieces  of 
timber  blocked  apart  and  bolted  together  at  the  ends  and  middle  has  no  greater  strengt.h  than 
the  sum  of  the  strengths  of  the  component  sticks,  each  acting  as  a  single  column,  entirely 

independent  of  the  other  sticks. 

The  strength  of  a  built-up  column  of  this  class  depends  wholly  upon 
the  ability  of  the  fastenings  to  resist  initial  deflection  under  loading. 
Such  columns  are  usually  designed  with  one  of  two  typical  sections:  a 
column  composed  of  a  number  of  planks  laid  face  to  face  and  bolted 
or  spiked  together,  as  shown  in  Fig.  90(a) ;  or  a  column  composed  of 
planks  face  to  face  with  their  edges  tied  together  by  cover-plates,  as  in 
Fig.  90(6).  Of  the  two  details,  that  of  Fig.  90(6)  is  far  superior  to  Fig.  90(a).  When  a 
column  of  the  type  shown  in  Fig.  90  (6)  is  thoroughly  spiked,  in  addition  to  being  bolted, 
the  strength  of  column  is  undoubtedly  greater  than  the  sum  of  the  strengths  of  the  component 
planks  acting  as  individual  sticks.  From  tests  made  by  the  writer,  it  is  recommended  that  the 
strength  of  a  built-up  column  of  the  type  of  Fig.  90(a)  be  taken  at  80%  of  the  mean  of  the 
strength  computed,  (1)  as  a  solid  stick,  and  (2)  as  a  summation  of  the  strength  of  the  individual 
sticks  considered  as  individual  columns.  For  columns  of 
the  type  of  Fig.  90(6),  it  is  recommended  that  the  strength 
be  taken  as  80%  of  that  of  a  solid  stick  of  equal  cross  section 
and  length. 

The  preceding  recommendations  are  for  built-up 
columns  taking  no  appreciable  bending  stresses;  in  other 
words,  for  columns  whose  loads  are  balanced  about  the 
gravity  center  of  the  column  section.  Obviously,  the  re- 
sistance to  bending  of  a  built-up  column  of  this  class  is 
low,  as  has  been  pointed  out  in  the  case  of  built-up  girders 
(see  Art.  45). 

Type  (2). — In  framing  for  large  timber  buildings,  as 
for  expositions,  wooden  columns  are  sometimes  constructed 
of  two  posts  bolted  and  keyed  together  (Fig.  91a),  two  posts 
laced  with  diagonal  sheathing  (Fig.  916),  or  four  posts  laced 
together  (Fig.  91c).  Such  a  construction  may  be  necessary 
for  the  long  story  heights  encountered  in  such  buildings. 
The  lacing  shown  in  the  detail  of  Fig.  91(c)  may  be  spiked, 

bolted,  or  attached  by  means  of  lag  screws,  as  detennined  usually  by  consideration  of  the 
stresses  in  the  lacing  due  to  wind  shear.  For  dead  loads,  it  is  well  to  assume  that  the  individual 
timbers  act  afl  separate  columns,  not  held  together  by  the  fastenings.  The  lacing  may  be 
at  60  or  at  45  deg.  with  the  axis  of  the  column,  depending  on  the  judgment  of  the  designer. 
In  general,  the  writer  prefprs  the  60-deg.  lacing. 
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Fig.  01. — Heavy  built-up  columns. 
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Table  1. — Working  Unit  Stresses  in  Pounds  per  Square  Inch  for  Timber  Columns 

WITH  Square  Ends,  Symmetrically  Loaded 

(Formula  of  U.  S.  Department  of  Agriculture) 


Working  unit  stresaea  in  pounds  per  square  inch  for  values  of  " C"  as  indicated 

L/d 

1 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

15 

804 

884 

965 

1046 

1127 

1206 

1284 

16 

786 

864 

943 

1022 

1100 

1179  . 

1255 

17 

767 

844 

921 

998 

1075 

1150 

1226 

18 

749 

823 

899 

974 

1050 

1124 

1199 

19 

730 

805 

878 

950 

1025 

1097 

1170 

20 

712 

786 

857 

928 

1000 

1071 

1143 

21 

695 

768 

837 

905 

975 

1046 

1117 

22 

679 

750 

817 

883 

951 

1020 

1090 

23 

663 

731 

796 

861 

929 

996 

1063 

24 

647 

714 

778 

841 

906 

971 

1039 

25 

631 

697 

759 

821 

884 

949 

1013 

26 

617 

681 

741 

802 

864 

927 

989 

27 

601 

664 

724 

784 

844 

905 

965 

28 

587 

648 

707 

766 

824 

883 

942 

29 

573 

632 

690 

748 

805 

862 

920 

30 

559 

617 

674 

730 

787 

841 

899 

31 

517 

601 

659 

713 

768 

821 

878 

32 

534 

587 

643 

696 

760 

801 

S66 

Table  2.— W 

orkinq  Unit  Stresses  in  Pounds  per  Square  Inci 
WITH  Square  Ends,  Symmetrically  Loadei 

[  FOR  Timber  Columns 

) 

. 

(Formula  of  American  Railway  Engineering  Associatioi 

n) 

Working  unit  streasM  in  potmds  per  square  inch  for  values 

of  "C"  as  indicated 

L/d 

1000 

1100 

1200 

1300 

1400 

1600 

1600 

15 

749 

824 

900 

974 

1049 

1125 

1200 

16 

732 

806 

879 

952 

1025 

1100 

1182 

17 

716 

787 

860 

930 

1002 

1076 

1145 

18 

700 

769 

840 

909 

979 

1050 

1119 

19 

683 

750 

819 

887 

956 

1026 

1092 

20 

666 

732 

800 

866 

932 

1000 

1065 

21 

649 

714 

779 

843 

909 

976 

1039 

22 

632 

696 

760 

822 

886 

950 

1012 

23 

616 

677 

739 

801 

862 

925 

986 

24 

600 

659 

720 

779 

839 

900 

959 

25 

582 

640 

699 

757 

815 

875 

932 

26 

566 

622 

680 

736 

792 

850 

906 

27 

549 

604 

659 

714 

769 

825 

879 

28 

533 

585 

639 

692 

746 

800 

852 

29 

516 

567 

620 

670 

722 

775 

826 

30 

500 

548 

509 

649 

699 

760 

799 

31 

483 

530 

580 

627 

675 

726 

772 

32 

466 

512 

559 

606 

661 

700 

745 
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M.  Colnom  Bu«a. — ^Except  for  temponuy  eon- 
atniction,  building  footings  at  the  present  time  ue 
constructed  of  concrete,  reinforced  concrete,  ar  ateel 
griUage«  incased  in  concrete.  The  statemenl  may 
be  mode,  therefore,  that  the  first-story  column  of  any 
buildii^  will  reet  on  a  concrete  footing.  A  base  plat« 
between  the  bottom  of  post  and  top  of  footing  is  a 
neoeesity  for  two  reasons:  (1)  to  distribute  the  column 
pressure  over  the  footing  without  exceeding  the  safe 
unit  bearing  pressure  for  concrete;  uid  (2)  to  prevent 
moisture  from  entering  the  bottom  of  the  column  and 
causing  rot.  For  this  purpose  a  wooden  plate,  pre- 
ferably of  redwood  or  cedar,  a  st-andard  metal  column 
base,  a  cast-iron  base,  or  a  plain  steel  plate  may 
be  used.  Tlie  tatter  is  often  found  as  satisfactory 
and  more  economical  than  the  standard  metal  post 
base.  If  a  single  plate  is  used,  the  thickness  must 
be  BufBcient  to  give  strength  to  the  plate,  in  flexure, 
to  distribute  the  load  uniformly  over  the  footing, 
with  a  uniform  distribution  of  pressure  on  the 
footing. 
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be  used,  lirina  >  required  esotioD  moduliu  of  3.&3.  Therefor* 
1.08,  or  ■  IHl-lD-  plat*. 
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In  detailing  the  base  of  column,  it  is  well  to  set  a  dowel  into  the  concrete  and  let  the  same 
project  into  the  bottom  of  post.  The  size  of  dowel  is  a  matter  of  judgment.  For  a  12  X  12- 
in.  post,  the  dowel  should  be  not  less  than  1>^  X  6  in. 

If  the  use  of  a  standard  column  base  is  contemplated,  the  particular  base  should  be 
examined  to  make  sure  its  composition  is  sufficiently  strong  to  distribute  its  load  equally  over 
the  foundation. 

It  remains  to  be  stated  that  all  metal  bases  should  be  well  painted.  The  bottoms  of  col- 
umns should  be  given  two  coats  of  a  good  wood  preservative.  The  top  of  the  concrete  footing 
should  be  set  a  few  inches  above  the  floor  to  prevent  moisture  standing  around  the  bottom  of  the 
column. 

Figs.  92,  93  and  94  show  standard  post  bases,  taken  from  manufacturers'  catalogs. 

CAST-IRON  COLUMNS 
Bt  H.  S.  Rogers 

69.  Use  of  Cast-iron  Columns. — Cast-iron  columns  are  suitable  only  for  small  buildings 
of  non-fireproof  construction.  They  offer  somewhat  greater  resistance  to  fire  than  unprotected 
steel  columns  and  occupy  a  minimum  of  space  in  the  building,  but  cast  iron  is  by  no  means  as 
reliable  as  steel  and  the  bolted  connections  of  cast-iron  columns  allow  more  or  less  lateral 
movement  which  is  serious  in  high  buildings. 

Columns  of  this  material  should  not  be  used  with  fabricated  steel  in  skeleton  construction 
or  under  conditions  which  produce  flexural  stresses  of  any  magnitude,  other  than  those  due  to 
concentrically-loaded  column  action.  The  unreliability  of  cast-iron  columns  is  due  to  the 
variation  in  quality  of  the  material,  defects  likely  to  occur  in  casting,  and  the  difficulty  of 
thorough  inspection. 

70.  Properties  of  Cast  Iron. — Cast  iron  has  a  very  high  unit  compressive  strength — usually 
considered  to  be  about  80,000  lb.  per  sq.  in.  This  material,  however,  is  not  strong  in  shear  or 
tension,  the  average  ultimate  shearing  stress  being  18,000  lb.  per  sq.  in.,  and  the  average  ultimate 
tensile  stress  15,000  lb.  per  sq.  in.  The  ultimate  intensity  of  stress  which  can  be  developed 
in  a  piece  of  cast  iron  varies  with  its  fineness  of  grain,  and  depends  largely  upon  its  thickness 
and  the  rate  of  cooling,  as  well  as  its  composition.  The  high  compressive  stresses  make  it  a 
very  desirable  material  to  use  in  compression,  but  because  of  the  somewhat  treacherous  nature 
of  cast  iron,  the  high  compressive  stresses  found  are  often  misleading.  Also,  the  low  shearing 
and  tensile  values  preclude  its  use  under  any  condition  other  than  that  of  direct  compression. 
It  does  not  rust  as  quickly  as  steel  and  resists  fire  somewhat  better,  but  may,  however,  be 
subjected  to  serious  strains  because  of  sudden  cooling  with  water  from  a  fire  stream.  It  is 
very  hard  and  brittle,  and  fractures  suddenly  without  warning.  No  riveted  connections  should 
be  made  to  cast  iron.  All  connections  of  girders  to  columns,  or  column  to  column,  must  there- 
fore be  made  by  bolts  which  impair  the  rigidity  of  a  structure  by  the  allowance  for  clearance. 

71.  Manufacture  of  Cast-iron  Columns. — Cast-iron  columns  may  be  cast  in  sand  molds 
either  upon  the  side  or  on  end.  In  either  case  a  baked  core  molded  to  the  dimensions  of 
the  inside  of  the  column  must  be  made  of  sand,  flour,  and  water,  and  supported  within  the  sand 
mold.  There  are  practical  conditions  surrounding  every  part  of  the  work  which  will  determine 
the  quality  of  the  column  produced.  Many  pronounced  defects,  found  in  columns  are  due 
to  the  method  of  pouring  used  in  their  manufacture. 

If  the  column  is  cast  on  its  side,  the  core  will  be  buoyed  up  within  the  mold  because  of  the 
great  difference  in  density  between  it  and  the  molten  metal.  Provision  must,  therefore,  be 
made  to  prevent  the  core  from  rising  toward  the  top  side  of  the  mold,  or  from  being  sprung  from 
line  so  that  the  mid-portion  of  the  top  side  of  the  casting  will  be  thinner  than  the  desired  thick- 
ness. This  defect  produced  by  ''floating  cores"  is  one  which  is  frequently  found  in  cast-iron 
columns.  The  molten  metal  rising  in  the  mold  carries  dirt  and  air  above,  in  which  will  form 
"honeycomb"  and  "blowholes"  along  the  top  side  of  the  column,  unless  provision  is  made  by 
vents  for  the  escape  of  the  air.     This  provision  can  be  made  by  forcing  a  wire  rod  through  the 
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mold  at  intervals.  When  these  difficulties  have  been  overcome,  there  are  still  others  which  may 
arise  due  to  unequal  cooling  produced  by  the  manner  or  speed  of  pouring,  by  the  condition  of 
part  of  the  mold,  or  by  the  unequal  radiation  in  the  molds.  The  last  may  be  due  to  an  unequal 
uncovering  of  the  mold.  Unequal  cooling  may  produce  stresses  which  will  crack  the  column 
before  any  load  is  placed  upon  it. 

The  end  method  of  casting  avoids  some  of  these  difficulties  if  the  molten  metal  is  introduced 
at  the  bottom  of  the  mold.  The  dirt,  sand,  and  air  that  collect  will  thus  be  borne  to  the  top 
of  the  mold  so  that  they  can  be  removed,  but  the  pressure  produced  by  the  head  of  molten 
metal  will  often  be  greater  than  the  mold  can  withstand,  if  the  column  is  of  any  considerable 
length.  The  defects  found  in  columns  cast  on  end  will  not,  however,  be  so  numerous  as  those 
found  in  columns  cast  on  the  side.  These  defects  can  be  eliminated  to  some  extent  by  careful 
foundry  work.     If  not  eliminated,  they  should  be  caught  at  the  time  of  inspection. 

72.  Inspection  of  Cast-iron  Columns. — Cast-iron  columns  may  have  defects  eithei:  in  the 
surface,  or  within  the  metal,  or  may  have  insufficient  strength  due  to  variation  in  the  section 
of  the  metal  due  to  displacement  of  the  core.  Defects  in  the  surface  can  be  found  by  a  careful 
examination  of  the  column.  Defects  within  the  metal  can  be  discovered  by  a  careful  tapping 
of  the  column  with  a  hammer,  as  the  honeycomb  or  sand  spots  will  sound  dead.  In  hollow 
square  or  round  columns,  variation  in  thickness  of  the  metal  can  be  determined  by  drilling  two 
or  three  }i-iD..  holes  through  the  column.  If  this  variation  is  more  than  ^  in.,  the  column  should 
be  rejected.  The  H-section  affords  easy  access  to  the  surface  for  inspection  and  painting,  and 
opportunity  to  measure  the  section.  Columns  with  brackets  should  be  carefully  inspected 
at  these  details,  especially  if  the  column  has  been  poured  on  its  side  through  the  bracket. 

7S.  Tests  of  Cast-iron  Columns. — The  Department  of  Buildings  of  New  York  City  made 
a  series  of  tests  upon  cast-iron  columns  some  years  ago  at  the  works 
of  the  Phoenix  Bridge  Co.  Nine  columns  were  tested  to  destruction 
and  a  tenth  to  the  capacity  of  the  testipg  machine.  Six  of  the  ten 
columns  had  a  diameter  of  15  in.,  a  length  of  15  ft.  10  in.,  and  a  thick- 
ness of  shell  of  1  in.;  two  had  a  diameter  of  8  in.^  a  ratio  of  L/d equal  ^^°-  ^^"ectioM?"  ''°^''°"' 
to  20,  and  a  shell  thickness  of  1  in. ;  two  had  a  diameter  of  6  in.,  a  ratio 
of  L/d  equal  to  20,  and  a  shell  thickness  of  1  in. 

The  columns  broke  at  loads  varying  from  22,700  lb.  per  sq.  in.  to  over  40,400  lb.  per  sq.  in, 
the  latter  being  the  intensity  of  stress  in  one  of  the  15-in.  columns  which  withstood  the  total  ca- 
pacity of  the  machine.  The  other  five  15-in.  columns  all  exhibited  foundry  dirt,  honeycomb, 
cinderpockets,  or  blowholes. 

74.  Design  of  Cast-iron  Columns. — The  sections  of  cast-iron  columns  in  general  use  are 
shown  in  Fig.  95.  The  hollow  cylindrical  section  gives  the  best  distribution  of  metal  in  a  column, 
but  the  connection  details  do  not  work  as  nicely  as  those  for  the  hollow  square  section,  which  is 
almost  as  efficient  in  distribution  of  material.  The  hollow  square  section,  on  the  other  hand,  has 
disadvantages  which  are  not  found  in  the  hollow  cylindrical  section.  The  comers  of  the  square 
section  are  very  liable  to  crack,  due  to  the  cooling  of  the  column;  but  this  can  be  obviated  by  an 
outside  curved  comer  and  an  inside  fillet.  The  H-section,  though  not  affording  a  distribution 
of  material  as  efficient  as  the  hollow  cylindrical  or  hollow  square  column,  has  the  advantages  of 
being  open  to  inspection,  of  being  cast  without  a  core,  and  of  being  easily  built  into  a  brick 
wall.     It  meets  the  greatest  favor  as  a  wall  column. 

The  allowable  unit  stresses  in  the  sections  of  cast-iron  columns  are  determined  as  discussed 
in  Sect.  1,  Art.  98 .  The  type  of  column  is  first  selected  and  then  tested  for  its  total 
strength  by  the  application  of  one  of  the  column  formulas  for  unit  stresses.  There  are  two  types 
of  formulas  in  general  use  for  determining  the  unit  stresses  in  cast-iron  columns:  the  Gordon 
and  the  Straight  .line.  The  Gordon  type  is  specified  by  the  building  code  of  Philadelphia 
and  the  straight-hne  type  by  the  codes  of  New  York,  Boston,  Chicago,  and  Seattle.  In  the 
Gordon  type  the  radius  of  gyration  has  been  replaced  by  the  value,  d,  which  is  the  outside  di- 
ameter of  cylindrical  section,  or  the  outside  dimension  of  the  square.     This  can  be  done  by 

L* 
changing  the  constant  in  the  denominator  of  the  factor,  a—j^  ,  since  the  radius  of  gyration 
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for  any  particular  value  of  thickaeaa  of  the  shell,  bears  a  direct  relation  to  the  outaidc  dimension, 
and  since  the  radii  of  gyration  for  any  outside  dimension  are  practically  the  same  for  all  the 
standard  thickneaaea  of  shell.  The  formulas  adopted  in  several  codes  are  given  in  Sect.  1, 
Art.  98. 

The  followii^  specifications  should  be  observed  in  the  design  of  the  shafts  of  cast-iron 
columns: 


nimum  thickneaa  of  the  shell  should  . 
m  to  2W  In. 
ximum  dismater  should  not  be  greater  than  ]fi1a.;thi 


Ths  slendernus  rutio.  L/r.  shot 

All  earners  should  be  fiUet«l  wiU 
No  insida  offset  nor  any  sudden  e 


tluui  ft  in.;  the  msilniURi  thioknsss  should  not  be 
dlAnwter  should  not  be  loM  thnn  5  or  6 
lueed  70;  the  unsopportad  lensth  of  the  eolumn  should  not  eined 


75.  Column  Caps  and  Bases. — Hollow  cylindrical  and  square  cast-iron  columns  are  gener- 
ally fastened  together  by  a  simple  flanged  base  and  cap  as  shown  in  Fig.  D6  (u)  and  96  (b). 
The  flanges  should  not  be  thinner  than  the  shaft  of  the  column  and  should  be  at  leasts  in.  wide; 
which  width  will  be  aufflcieut  for  hexagonal  nuts  on  ^-in.  bolts,     theso  flsitgos  should  be  faced 


at  right  angles  to  the  axis  of  the  column.  The  bolt  holes  in  the  flanges  should  be  drilled  to  a 
templet  so  that  the  columns  can  be  fitted  t(%ether  in  proper  alignment  and  the  flanges  should  be 
spot-faced  at  bolt  holes  so  that  they  will  give  a  square  firm  bearing  to  Iwlla  and  nuto.  If  the 
ends  of  cast-iron  columns  must  be  left  rough,  sheets  of  lead  or  copper  should  be  placed  between 
flanges  of  columns  bolted  together,  so  that  an  even  bearing  will  be  obtained  by  the  soft  metal 
taking  up  the  inequalities  of  the  surface.  In  no  case  should  shims  be  used  to  wedge  up  one 
aide  of  a  column. 

If  it  is  desired  to  give  any  architectural  pretentions  to  the  caps  or  bases  of  cast-iron  columns, 
the  design  of  such  should  be  made  so  as  not  to  weaken  the  shaft  section  of  the  column  by  change 
of  dimensions  or  offsets  that  will  throw  transverse  stresses  into  the  column.  Ornamental  caps 
or  bases  of  large  size  should  be  cast  separate  from  the  column. 

76.  Bracket  Connections. — The  usual  forms  for  the  connections  of  beams  and  girders  of 
cast-iron  columns  are  shown  in  Fig.  96(c),  96{(i),  and  96  (e)  and  in  the  table  of  "Manufacturers' 
Standard  Cast-iron  Column  Connections."  The  beam  rests  upon  the  bracketshelf  and  is  bolt«d 
to  the  li%  on  the  column  through  the  web.  The  holes  in  the  web  of  the  beam  for  bolting  to 
the  lugs  should  be  drilled  in  the  field  in  order  to  match  the  cored  holes  of  the  lug- 
Connections  should  be  designed  with  a  bracket  directly  below  the  web  of  a  single  girder  or 
below  each  web  of  a  box  giider  so  that  no  transverse  bending  strtuns  will  be  thrown  into  the 
bracket  shelf.     The  bracket  shelf  should  be  given  a  slope  of  hi  in.  to  the  foot  away  from  the 
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column  BO  that  the  load  cannot  be  applied  at  the  end  of  the  shelf.  A  bracket  will  bear  only 
about  one-half  as  great  a  load  applied  eccentrically  at  the  edge  of  the  shelf  as  one  distributed  over 
the  shelf.  A  bracket  shelf  may  fail  in  one  of  three  ways,  (1)  by  shearing  through  shelf  and 
bracket  next  to  the  column,  (2)  by  transverse  bending,  or  (3)  by  tearing  out  a  section  of  the 
column  aa  shown  in  Fig.  96(/). 
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Testa  by  the  Building  Department  of  New  York  City  have  shown  that  brackets  will  not 
fail  by  shear  or  transverse  bending  on.  columns  of  more  than  6-in.  diameter  if  designed  accord- 
ing to  standard  practice.  Of  22  brackets  tested,  those  on  8  or  I5-in.  columns  failed  by  tearing 
holes  in  the  body  of  the  column,  and  4  on  6-in.  columns  failed  by  shearing  or  transverse  stress. 

The  design  of  bracket  shelves  by  any  rigorous  analytical  method  is  impossible.  Some  of  the 
factors  which  complicate  it  are  the  rate  of  cooling,  variations  in  the  thickness  of  metal,  and  im- 
perfections. The  design  should,  however,  be  checked  against  failure  due  to  shear  or  transverse 
bending. 
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STEEL  COLUMNS 
By  Clyde  T.  Morris 

77.  Steel  Column  Formulas. — Practical  column  formulas  that  are  in  use  in  this  country 
are  of  three  types,  the  Rankine  or  Gordon  type  (Formula  1),  the  straight  line  (Formula  2), 
and  the  parabolic  type  (Formula  3). 

p  =  — ^-jY Rankine  or  Gordon  formula (1) 

p  —  f—  m— Straight  line  formula (2) 

r 

1/* 

p  —  f  —  n-r- Parabolic  formula (3) 

r 

in  which  p  »  allowable  intensity  of  stress  over  the  column  section. 

/  =  maximum  allowable  intensity  of  stress  in  short  blocks. 
=»  length, 
r  =  radius  of  gyration. 

—  is  called  the  slendemess  ratio. 

r 

a,  rriy  and  n  are  constants. 

The  constants  in  these  formulas  are  determined  from  experiments.  Many  authorities 
give  three  values  for  the  constant  ''a"  in  Formula  (1),  corresponding  to  two  fixed  ends,  one 
fixed  and  one  pin  end,  and  two  pin  ends. 

A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  on 
"Columns"  in  Sect.  1.  Bending  and  direct  stress  in  columns  is  treated  in  the  chapter  on 
*'Bending  and  Direct  Stress — Wood  and  Steel"  in  Sect.  1.  For  column  connections,  see  Sect.  3, 
Art.  726. 

78.  Slendemess  Ratio. — The  unsupported  length  of  a  compression  member  should  never 
exceed  200  times  its  least  radius  of  gyration.     The  following  are  usually  recognized  as  the  upper 

limits  of  the  value  of  —  for  the  various  classes  of  structures. 

r 

For  lateral  struts  carrying  wind  stresses  only,  in  buildings 150to  200. 

For  lateral  struts  carrying  wind  stresses  only,  in  bridges 120  to  150. 

For  columns  in  buildings  with  quiescent  loads 120  to  150. 

For  compression  members  in  bridges 100  to  120. 

70.  Forms  of  Cross  Section. — For  economy,  the  radius  of  gyration  of  the  section  should  be 
as  large  as  possible.  This  makes  it  desirable  to  place  as  much  of  the  material  as  possible  as  far 
from  the  axis  of  the  column  as  is  consistent  with  good  design.  The  hollow  cylinder  is  theoret- 
ically the  most  economical  form  of  coliunn  cross  section,  for  in  this  fonh  all  of  the  material  is  at 
a  maximum  distance  from  the  axis. 

Steel  pipe  columns  arc  frequently  used  for  light  loads  where  the  loads  are  quiescent  and 
there  is  no  probability  of  a  lateral  component  to  the  forces  acting  on  the  column.  The  caps  and 
bases  of  these  are  usually  cast  iron  and  the  use  of  this  form  of  column  has  the  same  limitations 
as  that  of  cast-iron  columns. 

Fig.  97  shows  the  more  common  forms  of  cross  section  for  steel  columns  and  struts. 

Struts  of  2  angles  (Fig.  97a)  are  commonly  used  for  light  lateral  bracing.  The  section 
is  unsymmetrical  and  for  this  reason  is  undesirable  for  main  compression  members.  Columns 
composed  of  2  channels  laced  (Fig.  97^,  /i,  and  A;)  or  2  pairs  of  angles  laced  (Fig.  976)  are  not  as 
rigid  in  the  plane  of  the  lacing  as  those  in  which  the  parts  are  connected  by  plates.  Care  should 
be  used  in  proportioning  the  lacing  in  such  columns.  Types  i  and  I  are  forms  which  are  commonly 
used  for  top  chords  and  end  posts  of  bridges.  The  lattice  on  the  lower  side  permits  access  for 
cleaning  and  painting.  The  Bethlehem  H-section  (Fig.  97  e  and  /)  is  a  form  much  used  in 
building  work.     Type  e  without  cover  plates  is  very  economical  on  account  of  the  small  amount 
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of  fabrication  necessary.  Type  /  is  much  more  expensive  as  it  is  necessary  to  drill  the  holes  in 
the  heavy  flanges  of  the  H-section  for  riveting  on  the  cover  plates.  These  flanges  are  too  thick, 
to  punch.  Z-bar  columns  (Fig.  97  q  and  r)  are  seldom  used  in  modem  structures.  The  Grey 
column  (Fig.  97s)  and  the  4-angle  column  (Fig.  97t)  are  frequently  used  in  combined  steel  and 
concrete  columns. 

80.  Steel  Column  Details. — ^The  component  parts  of  a  column  must  be  so  rigidly  connected 
together  that  they  cajmot  deform  independently.  The  entire  section  must  act  as  a  unit.  In  the 
types  of  columns  which  do  not  have  lacing,  the  riveting  necessary  to  hold  the  parts  in  contact 
and  make  tight  joints,  will  be  sufficient  to  transmit  the  transverse  shear  and  ensure  the  action 
of  the  colunm  as  a  unit. 

80a.  Lattice  or  Lacing. — When  lat- 
tice or  lacing  is  used  to  connect  the  parts  of 
a  column,  it  must  be  proportioned  to  take  the 
transverse  shear  caused  by  the  bending  of  the 
column.  Professors  Talbot  and  Moore,  in  the 
Trans.  Am.  Soc.  C.  E.,  Vol.  LXV,  p.  202,  give 
an  accovmt  of  experiments  performed  at  the 
University  of  Illinois  to  determine  the  stresses 
in  lace  bars.  The  following  is  quoted  from 
this  report: 
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The  measurements  indicate  etresBes  in  the  lattice 
ban  which  would  be  produced  by  a  tranaverse  shear 
equal  in  amount  to  1  to  3  %  of  the  applied  com- 
pression load,  or  to  that  produced  by  a  concentrated 
transverse  load  at  the  middle  of  the  column  length 
equal  to  2  to  6  %  of  the  compression  load. 
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Two  methods  of  proportioning  lace  bars 
are  in  common  use:  First  Method, — Column 
formjalas  used  in  design  give  a  reduced  allowed 
unit  stress  which  is  the  average  over  the  sec- 
tion. The  maximum  allowed  fiber  stress  on 
the  cross  section  is  usually  included  as  a  factor 
in  the  formula,  and  the  difference  between  the 
maximum  and  the  average  is  the  fiber  stress 
caused  by  the  bending  due  to  column  action. 
This  difference  in  fiber  stress  is  assumed  to  be 
due  to  a  uniform  transverse  load  applied  to 
the  column,  and  from  this  the  equivalent  transverse  shear  may  be  calculated 

In  Formulas  (2),  (3),  or  (4) 

/  —  the  maximum  allowed  fiber  stress. 
p  »  the  average  unit  stress. 

^^  =  ^.  and  itf  =  (^^l^Ml* 
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as  follows: 


from  which 


w 


=  tt ai^d  shear 

JL/*C 


—  j£L  _  4(/  -  'p)Ar'^ 
2  Tc 


(4) 


Second  Methods — A  column  under  stress  will  deform  into  a  curve  with  a  point  of  contra- 
flexure  near  each  end,  the  distance  from  the  end  depending  upon  the  degree  of  fixity  of  the  end 
(see  Fig.  103,  Sect.  1,  p.  59).  At  these  points  of  contra-flexure  the  bending  moment  is  zero 
and  consequently  the  stress  on  the  column  cross  section  is  uniform.  Midway  between  these 
points  the  maximum  bending  moment  occurs,  and  the  maximum  unit  stress  in  compression  oc- 
curs on  the  concave  side.  Therefore  in  a  distance  equal  to  one-half  the  length  between  the 
points  of  contra-flexure,  the  unit  stress  in  the  concave  side  of  the  column  must  change  from  the 
average  to  the  maximum  allowed. 

I  From  "Steel  Structures"  by  Cltdk  T.  Moaau,  p.  120. 
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Suppose  a  column  to  be  made  up  of  two  leaves  connected  by  lacing. 
As  before,  /  »  the  maximum  allowed  fiber  stress. 

p  »  the  average  unit  stress. 

Let  F  a  the  total  change  in  stress  in  one  leaf  of  the  column  in  a  distance  L 

p 

8  »  the  total  change  in  stress  in  one  leaf  per  unit  of  length  —  -j  - 

I  —  the  least  distance  from  a  point  of  contra-flexure  to  a  point  of  maximum  bending 

moment. 
L  a*  the  total  length  of  the  column, 
ill  '*  the  area  of  cross  section  of  one  leaf. 
Then 

F  -  Ai(/  -  P)  and  8  =  ^'^~  P^ 

For  a  pivoted  end  column,  L  »  21,  and  for  a  fixed  end  column,  L  —  41,  Any  column  in 
practice  will  lie  somewhere  between  these  two  limits.  This  theory  assumes  that  the  rate 
of  change  of  stress  in  the  leaf  is  uniform,  which  is  not  true,  but  in  any  case  eccentricities  of 
manufacture  and  Ipading  may  make  I  different  than  theory  would  indicate.  Therefore,  to  be 
on  the  safe  side,  take  L  ^  4lin  all  cases;  then 

Formula  (5)  gives  the  longitudinal  increment  of  stress  in  one  leaf  per  unit  of  length  of 
column,  and  sufficient  connection  must  be  provided  between  the  leaves  to  transmit  this  stress. 

In  either  the  first  or  second  method,  if  the  column  is  subject  to  an  external  bending  moment 
in  the  plane  of  the  lacing,  this  must  be  included  in  getting  the  value  of  (/"  —  p).  In  all 
cases  the  lace  bars  must  be  proportioned  to  carry  the  calculated  stress  in  either  tension  or 
compression. 

The  inclination  of  Jiace  bars  with  the  axis  of  the  member  should  never  be  less  than  45  deg., 
and  their  thickness  should  not  be  less  than  3^o  of  the  distance  between  rivets  for  single  lattice 
and  }4o  for  double  lattice. 

The  following  minimum  widths  for  lace  bars  are  sanctioned  by  good  practice. 

For  members  15  in.  and  over  in  depth 2fi  in. 

For  members  9  to  12  in.  in  depth 2>i  in. 

For  members  7  to  9  in.  in  depth 2     in. 

For  members  under  7  in.  in  depth 1  Ji  in. 

nittstratWe  Problem. — A  column  14  ft.  long  is  composed  of  4  angles  3>^  X  3  X  K«  laced,  12  in.  back  to  back 

(see  Fig.  07b).     The  straight-line  formula,  p  -  16.000  -  70  -  •  will  be  used. 

A  «  7.76  SQ.  in. 

r  —  5.27  in.  in  the  plane  of  the  lacing. 
/  -  16,000  lb.  per  sq.  in. 
p  -  13,770  lb.  per  sq.  in. 
-  p  -  2230. 
Firwt  Method. 

Rh^,        (4)f2230)(7.76)(5.27)«       ,^_  ,. 

Shear (i4Kl2K6) ^^  ^^' 

If  the  lacing  makes  an  angle  of  45  deg.  with  the  axis  of  the  member. 

Stress  in  lace  bar  »  (1905)  (1.414)  -  2690  lb. 
Distance  beween  gage  lines  in  the  angles  —  12  —  (2)(1^)  —  8.5  in. 
Distance  beween  end  rivets  in  lace  bar  —  (8.5)  (1.414)  >■  12  in. 

12 
Minimum  thickness  of  lace  bar  ■■  —  —  0.3  in. 

40 

Try  lace  bars  2  X  Ms-     A  "  0.62  sq.  in.     r  -  0.09  in. 

(70)  (12) 

Allowed  unit  stress  for  lace  bar  -  16,000 —  66701b.  per  sq.  In. 

0.09 

^       .     ,  2690       -._ 

Reqmred  area  «»  gg=^  —  0.40  sq.  in. 


Second  Method. 


(4)(3.88)(2230)       __.  ,.  ,.      . 

•  -  ^^^^^2^ -  206  lb.  per  hn.  m. 
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U  tLa  Imibc  mmkm  mo  »ncl«  ot  *S  das.  with  th*  aiia  of  tha  memba,  tha  kncth  of  ths  scluii 
■cttmI  by  ana  U«  bu  idll  ba  S.S  in.  Loncitudinal  iDsramant  of  (trtai  in  una  leal 
(S.S}(»)6>  -  17SD  lb. 

Bteaa  in  Uoa  bar  -  1.411  X  1730  -  24TS  lb. 
_  ?*Z5 


Requiral  ai 


■Ss -•■"-■> 


At  the  ends  of  latticed  oompreeBion  membera,  tlay  plaltM  must  be  provided  to  equalise  tlie 
distribution  of  streas  to  the  end  connections.  These  stay  plates  ^ould  be  not  less  in  width  than 
the  width  of  the  member,  and  preferably  not  less  in  length  than  l^  times  the  width,  and  not 
less  in  thioknesa  than  Ho  of  the  unsupported  width.  At  the  ends  of  large  compression  members 
(Hty  over  24  in.  in  width)  a  diaphragm  is  desirable  between  the  webs,  with  a  length  of  about 
I^  times  the  width  of  the  member. 

80b.  Splices. — At  all  intermediate  joints  in  columns,  splice  plates  should  be 
provided  connecting  the  two  sections  (see  Fig.  268,  p.  317).  If  the  endi,  of  the  sections  are 
not  faced  so  as  to  secure  a  goodbearingofonesection  on  the  other,  sufficient  splicing  material 
and  rivets  must  be  provided  to  take  the  entire  stress  at  the  point.  If  the  joint  ia  properly 
faced  and  a  good  bearing  is  ensured,  only  sufficient  splice  need  be  provided  to  take  care  of 
the  bending  moment  at  the  point  and  to  hold  the  parts  in  position.  In  case  of  a  concen- 
trically loaded  column,  the  moment  due  to  column  action  used  in  the  derivation  of  Formula 
(4)  should  be  provided  for.  If  there  ii  an  external  bending  moment  duo  to  eccentric  loads  or 
to  transverse  forces,  it  should  be  added  to  the  moment  due  to  column  action. 

80c.  Caps  and  Bases. — 
the  use  of  column  caps  should  be  avoided. 
If  columns  composed  of  rolled  shapes  are 
used,  such  as  are  shown  in  Fig.  97,  the 
beams  or  trusses  connecting  to  them 
should  generally  be  riveted  to  the  webs 
or  flanges  with  connection  angles,  and 
not  be  set  on  top  of  a  cap  plat«.  At  in- 
termediate flooiB  the  column  shaft  should 
never  be  interrupted,  but  the  lower  story 
column  section  should  be  run  through  the 
Soor  and  be  spliced  to  the  upper  section 
just  above  the  floor  line.  In  columns  of 
one-story  length,  column  caps  may  be 

used  provided  the  beams  or  trusses  resting  Via.  M. 

on  them  are  property  stayed. 

It  is  necessary  to  put  a  base  on  a  column  large  enough  to  distribute  tha  loads  to  the  masonry 
footings  BO  that  the  allowed  bearing  unit  will  not  be  exceeded.  This  may  be  built  up  entirely 
of  rolled  plates  and  shapes  (Fig.  98a)  or  a  cast'iron  or  caatr^teel  subbsse  may  be  interposed 
between  the  column  base  proper  and  the  masonry  (see  Fig.  986).  In  case  a  cast-iron  subbase 
is  used,  the  anchor  bolts  should  run  through  it  and  connect  directly  to  the  column  base  proper. 
Gusset  {dates  connecting  the  base  to  the  column  shaft  should  be  la^e  enough  to  properly 
distribute  their  proportion  of  the  stress  to  the  base. 

81>  Combined  Sts^  and  Coacrete  Columns. — In  reinforced  concrete  buildings  it  is  some- 
times desirable  to  reduce  the  size  of  the  columns  below  that  which  would  be  required  for  a  rein- 
forced concrete  column  of  the  usual  type.  This  may  be  done  by  using  a  steel  column  filled  in 
and  cased  in  concrete. 

Teats  made  by  Professors  Talbot  and  Lord  at  the  University  of  IHinois,  and  published  in 
the  University  of  Illinois  Bulletin  No.  S6,  show  that  the  strength  of  the  combined  column  may 
be  calculated  on  the  aasmnption  that  the  steel  column,  and  the  concrete  core  innde  the  steel 
act  independently. 

The  Gray  column  (Fig.  07s)  or  some  form  of  latticed  angle  column  (Fig.  970  is  best 
adapted  to  this  style  of  reinforcement.  The  steel  column  should  be  designed  and  detailed  in 
all  respectssimilarto  a  steel  column  without  concrete  casing.     The  concrete  core  enclosed  within 
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lines  joining  the  toea  of  tfae  angles,  may  be  figured  as  a  concrete  column  reinforced  with  vertical 
steel  only.  The  steel  column  ehould  be  enclosed  with  light  hooping  to  prevent  the  concrete 
casing  from  cleaving  loose  from  the  smooth  faces  of  the  steel. 


CONCRETE  COLUMNS 
Bt  W.  Stuaet  Tait 


e  of  five  principal  types: 


83.  Column  Types. — Concrete  columna  i 

(1)  PlaJQ  concrete  columns  or  pieis. 

(2)  Concrete  columns  reinforced  with  vertical  bars  and  hoope  or  tieo. 

(3)  Concrete  columna  reinforced  with  spirals  and  vertical  ban. 

(4)  Structural  steel  columns  encased  in  concrete. 

(5)  Emperger  columns. 

8S.  Plain  Concrete  Columns  or  PierB.^The  Joint  Committee  recommends  that  the  height 
of  a  plain  concrete  pieror  column  be  not  allowed  to  exceed  four  timeeits  least  dimension.  Many 
building  codes,  however,  limit  the  height  to  six  times  the  least  dimension  of  the  pier.  Piers 
of  greater  height  must  be  suitably  reinforced.  Where  the  load  carried  by  a  pier  is  applied  in  an 
eccentric  manner  the  designer  must  apply  the  formula  for  combined  bending  and  direct  stress 
and  increase  the  section  of  the  pier  if  the  unit  pressure  on  outer  fiber  e:cceeds  the  allowable 
stress  (see  Sect.  1,  Art.  103}. 

Forworkingstressallowedby  the  Joint  Committee,  see  Appendix  J, 

84.  Columns  with  Vertical  Bars  and  Ties. — The  Joint  Committee  recommends  that  all 
concrete  columns  in  which  the  length  exceeds  four  times  the  least  dimension  be  reinforced  with 

L  of  1%  of  vertical  steel.     This    vertical  steel  must  be  supported  laterally  by 
-'   column    ties    made    of    ]^-Jn. 
f^-^  n  ■*  .^  round    mild    steel    spaced     a 

maximum  distance  of  12  in. 
apart.  These  ties  serve  severa] 
purposes.  They  arc  wired  to 
the  column  bars,  thus  holding 
these  bars  in  place  while  the 
concrete  is  beint;  placed.  They 
also  prevent  the  column  bars 
from  buckling  and  causing  the  concrete  covering  to  spall  oS. 

The  ties  further  act  in  a  manner  similar  to  beam  Htimips  and  tend  to  prevent  column  failure 
by  shearing  along  a  diagonal  plane.  In  general,  building  codes  may  be  satisfied  by  using  H-in- 
round  ties  12  in.  on  centers.  In  large  columns  ot  this  kind,  however,  heavier  ties  should  be 
used.  A  simple  and  satisfactory  method  of  determining  the  size  of  tie  to  be  used  is  to  take 
0.02%  of  the  core  area  of  the  column  as  beii^  the  sectional  area  of  the  tie  used  in  a  height 
of  12  in.  Thus,  in  a  22X22-in.  column  with  a  igxi^in.  core,  the  area  of  the  tie  would  be 
(0.0002)(361)  =  0.072  sq.  in.  in  1  ft.  of  height,  and  Hs-in-  round  ties  12  in.  on  cenUrs  or  <^-in. 
round  ties  8  in.  on  centers  could  be  used. 

Teals  have  shown  that  the  strength  of  a  tied  column  is  materially  reduced  by  the  use  of  a 
number  of  ties  in  the  same  column  crossing  through  the  core.  The  most  simple  form  of  rein- 
forcement for  a  square  column  is  the  use  ot  4  bars  and  1  set  of  ties  (Fig,  99a).  If  the  column 
site  is  such  that  four  l^-in.  square  bars  do  not  provide  sufficient  steel,  8  bars  may  be  used,  tied 
as  shown  in  Fig.  99(6).  In  rectangular  columns  it  is  sometimes  desirable  to  use  6  bars  and  Fig, 
99(c)  shows  how  they  should  be  tied.  Round  columns  may  have  any  number  of  vertical  baia 
with  one  set  of  circular  tics.  Arrangements  of  ties  similar  to  those  shown  in  Fig.  99(d)  should 
be  avoided  for  the  reason  cited  above. 

Assuming  that  the  bond  is  perfect  between  the  steel  and  concrete  in  a  column,  it  follows 
ihat  the  deformations  of  the  concrete  and  steel  when  the  column  is  loaded  must  be  the  same. 
In  consequence,  t,  —  nf,.     The  total  load  which  a  column  will  carry,  therefore,  is  given  by  the 
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formula  P  »  A^c  +  A«n/e,  or,  if  il«  is  taken  as  the  total  section  of  concrete  without  deducting 
the  8teel 

P  =  ilj;+A.(n-l)/e 

Thus,  according  to  the  Joint  Committee,^  a  20  X20-in.  column  of  1-2-4  gravel  concrete  with  four 
1-in.  round  bars,  deducting  1^  in.  for  fireproofing,  would  safely  carry  a  load  of 

P  =  (17)  (17)  (450)  +  (4)  (0.785)  (14)  (450)  =  149,8321b. 

The  Joint  Committee  recommends  that  not  more  than  4%  of  vertical  steel  be  used 
and,  owing  to  the  doubt  as  to  the  effectiveness  of  larger  percentages  of  steel  than  this,  due  to 
lack  of  test  data,  it  is  well  to  be  governed  by  this  recommendation.  Also,  as  a  matter  of 
economy,  it  is  advisable  to  use  a  richer  mixture  of  concrete  rather  than  a  high  percentage  of  steel. 

85.  Columns  with  Vertical  Steel  and  Spiral  Reinforcement. — On  account  of  its  economy 
this  type  of  column  is  now  used  more  extensively  than  any  other  in  concrete  buildings.  The 
use  of  spiral  reinforcement  tends  to  prevent  lateral  or  radial  deformation  in  a  column  subjected 
to  vertical  load  and  thereby  increases  the  amount  of  vertical  stress  to  which  the  concrete  may  be 
safely  subjected.  The  spiral  also  acts  to  prevent  failure  by  diagonal  shearing  in  a  manner 
similar  to  column  ties.  The  Joint  Committee,  therefore,  allows  55%  more  stress  on  the 
concrete  core  of  a  column  containing  1%  of  spiral  than  it  allows  on  the  concrete  core 
where  ties  are  used.  Thus  the  Joint  Committee  permits  a  stress  in  the  concrete  of  34.9 
%  of  the  28-day  strength.^  The  spiral  column  is  then  designed  in  the  same  manner  as  the 
tied  column.  A  20-in.  round  column  of  1-2-4  gravel  concrete  having  a  17-in.  core  with  1 
%  of  spiral  and  eight  ^-in.  round  bars  would  carry  a  safe  load  of 

P  =  (227)  (698)  +  (8)  (0.44)  (14)  (698)  =  192,8431b. 

Following  upon  the  tests  and  analysis  made  by  Consid^re,  most  building  codes  recognize  any 
percentage  of  spiral  between  }^  and  1M%*  The  American  Concrete  Institute  recommends 
that  between  ^  and  2  %  be  used.  All  these  rulings  provide  that  a  minimum  percentage  of  ver- 
tical steel  equal  to  the  spiral  must  be  used.  A  limit  under  the  various  rulings  of  from  4  to  8  % 
is  given  as  the  maximum  amount  of  vertical  steel.  Consid^re's  formula  credits  the  spiral  as 
being  effective  to  the  extent  of  2.4  of  its  volume  as  vertical  steel.     The  formula  is  as  follows: 

P  =  ilj;  +  A^(n-1)/,  +  (2.471 -l)A.7c 

The  American  Concrete  Institute  formula  considers  the  spiral  to  be  4  times  as  effective  as  the 
same  volume  of  vertical  steel.     The  formula  is  as  follows: 

P  =  iij.  +  A.(fi-l)/c  +  (4n-l)^//c 

In  the  above  formula  A/  is  the  equivalent  area  of  spiral.  Thus  A»*  =  p  (the  spiral  percentage) 
X  Ae. 

86.  Structural  Steel  Col- 
umns Encased  in  Concrete. — 
The  Joint  Committee  makes  no 
recommendation  as  to  the  design 
of  a  steel  column  encased  in  con- 
crete. The  proposed  American 
Concrete  Institute  ruling  provides  that  where  the  steel  is  designed  to  take  all  the  load  that  the 

allowable  stress  per  square  inch  shall  be  determined  by  the  formula  18,000  —  70 — ,  but  shall 

not  exceed  16,000  lb.  per  sq.  in.  In  this  formula  L  is  the  unsupported  height  and  r  the  least 
radius  of  gyration,  both  in  inches.  The  concrete  shell  is  to  be  reinforced  with  mesh  or  hoops 
weighing  at  least  0.2  lb.  per  sq.  ft.  This  formula  gives  credit  to  the  stiffening  action  of  the  en- 
closing concrete  by  allowing  a  stress  of  16,000  lb.  per  sq.  in.,  where  in  columns  otherwise  pro- 
tected a  maximum  stress  of  14,000  is  allowed.  Figs.  100(a)  to  100(e)  show  the  most  usual 
types  of  steel  columns  encased  in  concrete.  The  4-angle  column,  Fig.  100(a),  with  latticing  is 
well  adapted  for  use  in  reinforced  concrete  buildings.     The  Gray  column.  Fig.  97(«)  is  also 

*  See  worldncBtresaes  reeommended  by  the  Joint  Committee  in  Appendix  J. 


(a)  (6)  (7j  (€0 

Fig.  100.— TnMt  of  tteel  oolamnB  encaeed  in  oonorete. 
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often  used.  Where,  however,  steel  work  frftmea  into  these  oolumns  it  ifl  advisable  on  account 
of  the  connections  to  use  one  of  the  other  types.  In  the  case  ol  the  Gray  column  the  meeh  or 
hoops  required  on  the  other  types  may  be  omitted  as  the  concrete  holds  itself  securely  in  place. 
Steel  columns  encased  in  concrete  are  much  more  expensive  than  concrete  columns  and  should 
only  be  used  in  concrete  buildings  where  the  sise  of  the  necessary  concrete  column  is  objection- 
able or  to  support  the  ends  of  an  important  steel  truss  or  girder  used  in  the  framing.  Where 
steel  columns  are  used  in  a  concrete  building,  suitable  angltviron  brackets  must  be  provided  to 
carry  the  load  from  the  concrete  structure  direct  to  the  steel  column. 

67.  Bmpwger  Columns. — The  Emperger  column  (Fig.  101)  consists  of  a  castr-iion  column 
surrounded  by  concrete  reinforced  both  spirally  and  verticaJly.  Cast  iron  would  be  used  for 
columns  to  a  far  greater  extent  but  for  the  fact  that  it  has  no  reliable  atiength  in  tension  and 
therefore  must  be  designed  with  low  stresses  to  provide  against  an  eccentric  loading  producing 
tension.  The  Emperger  column,  on  which  a  patent  has  been  applied  for,  is  designed  to  over- 
come this  objection  and  at  the  same  time  to  furnish  a  fireproof  protection  on  the  cost  iron.  A 
number  of  tests  have  been  made  on  these  columns  and  have  been  published.  The  U.  S.  Bureau 
of  Standards  has  proposed  the  following  formula  for  determining  the  ultimate  strength  of  this 
column 

/,  -  5300(1  -  p)  +  63,000p  -  240-j 

where  /,  is  the  average  stress  per  aquare  inch  on  the  area  within  the  outside  of  the  spiral, 

pis  the  percentage  of  cast  iron 
used,  and  L  and  d  the  length 
and   diameter   of    the    column 
I   respectively.     Several  building 
departments  have  made  rulings 
providing   for    the    design   of 
I   columns    of    this    type.     Tests 
I  indicate  that  safe  columns  will 
nilt  from  the  use  of  a  stress 
of  1120  lb.   per  sq.  in.  on   the 
concrete  deducting  2  in.  of  fire- 
proofing,  and  11,200  lb.  on  the 
Pra.  101.— Emperser  edumn.  cast  iron.     The  spiral  and  verti- 

cal steel  must  each  be  not  lees 
than  1%  of  the  effective  area  of  the  column  but  are  not  taken  into  account  in  the  strength 
calculations.  Hie  concrete  used  to  fill  the  cast-iron  column  and  for  encasing  the  same  is  1-1-2, 
By  comparing  these  stresses  with  the  proposed  formula  at  the  Bureau  of  Standards  it  will  be 
found  that  a  factor  of  safety  of  about  4  ia  obtained.  The  stiength  of  a  20-in.  column  containing 
a  7-in.  cast-iron  core  with  metal  1  in.  thick  would  be  calculated  as  follows: 
Section  of  cast-iron  core  —  18.8  sq.  in. 

Effective  concrete  section  =■  '''*.  ' 18.8  -  182.2  sq.  in. 

Safe  load  =  (1120){182.2)  +  (11,200)  (18.8)  =  415,0001b. 

Table  1,  p.  217,  gives  the  safe  loads  for  Emperger  columns  according  to  the  above  atreflsea, 
TTiese  columns  can  be  used  with  economy  where  the  size  of  on  ordinary  type  of  concrete  column 
is  objectionable.  Designers  should  mtuntain  the  aame  outside  diameter  of  castMron  core  for  as 
many  stories  as  possible  in  order  to  minimize  the  use  of  reducing  sleeves.  All  cast-iron  cores 
for  use  in  these  columns  should  be  cast  vertically.  Cost  bases  as  shown  in  Fig.  101  ahould  be 
used.  Suitable  brackets  to  receive  any  beams  framing  into  these  columns  must  be  provided. 
In  some  cases  where  concrete  beams  are  used  the  brackets  may  he  omitted  as  it  ia  possible  that 
sufficient  bearing  on  the  concrete  encasing  may  be  obt^ned,  A  minimum  thickness  of  fi  in. 
for  the  encasing  concrete  ahould  be  maintained. 
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88.  Long  Coliinms. — ^Extensive  tests  on  long  columns  of  steel  and  cast  iron  are  on  record 
but  there  are  practically  no  test  data  on  record  covering  long  columns  of  concrete.  In  practice 
it  is  seldom  necessary  to  use  a  concrete  column  more  slender  than  Hs  of  its  length  and  many 
niliDge  allow  the  normal  stresses  to  apply  on  columns  of  this  proportion.  The  Joint  Committee 
lecximniends  that  the  length  be  limited  to  10  times  the  diameter  of  the  hooped  core  for  spiral 
oohimns  and  for  tied  oolunms  to  15  times  the  least  dimension  of  the  column.  Designers  may, 
where  not  limited  by  city  rulings  to  the  contrary,  use  the  usual  unit  stresses  in  all  concrete 
columns  whose  least  dimension  is  not  less  than  Hs  the  imsupported  height.  Where  a  designer 
must  use  a  more  slender  column,  the  stresses  may  be  reduced  in  accordance  with  the  following 
formula  of  the  Los  Angeles  Build^ig  Ordinance: 

fac.  =  1.6  X  H5  (4) 

where  fac,  is  the  factor  by  which  the  ordinary  column  stress  is  to  be  multiplied  for  columns  in 

which  2   exceeds  15.    d  =  least  dimension  of  efTective  section. 

The  Chicago  Ordinance  provides  that  in  the  case  of  brick,  masonry  or  plain  concrete  piers 
exceeding  6  times  their  least  dimension  in  height,  the  following  formula  shall  be  used : 


=  ^^25  -  2^) 


where  /« is  the  reduced  unit  stress  to  be  used,  C  the  normal  stress  used  for  short  piers,  and  L 
and  d  the  unsupported  length  and  least  dimension  respectively. 

89.  Lap  on  Column  Bars. — For  convenience  in  construction,  column  bars  should  be  laid 
out  in  single  story  heights.  In  order  that  there  may  be  no  stress  at  the  lower  end  of  a  column 
bar,  there  must  be  a  sufficient  amount  of  steel  projecting  above  the  floor  from  the  column  below 
to  absorb  the  stress  from  the  upper  bars  by  bond.  For  bond,  the  Joint  Committee  allows  a 
stress  of  4%  of  the  concrete  strength  for  plain  bars,  i.e.,  80  lb.  per  sq.  in.  The  steel  stress 
in  a  1-2-4  spirally  reinforced  column  is  (698)  (15)  =  10,470  lb.  per  sq.  in.  If,  therefore,  the  same 
number  and  sise  of  bars  are  used  in  the  upper  and  lower  column,  the  lap  would  be 


lap  =  (10,470)  (^  is^  "  ^^  diameters 


If  more  bars  or  bars  of  a  greater  diameter  are  used  in  the  lower  column,  the  length  of  lap  may  be 
reduced.  A  minimum  lap  of  2  ft.,  however,  should  be  maintained.  Pipe  sleeve  connections 
on  column  bars  should  not  be  used  as  it  is  an  impossibility  to  obtain  a  tight  and  true  bearing 
of  the  upper  bar  upon  the  lower. 

90.  Bending  Column  Bars. — Column  bars  should  be  perfectly  straight  in  the  shaft  of  the 
column.  Where  a  change  from  one  colimm  diameter  to  another  occurs,  however,  the  bars 
must  be  bent.  The  bend  should  not  be  abrupt;  a  slope  of  3  in.  in  18  in.  is  a  good  maximum. 
Where  a  bend  of  more  than  3  in.  would  be  necessary,  it  is  advisable  to  use  straight  bars,  ending 
at  the  floor  line,  and  insert  straight  dowels  of  sufficient  length  in  the  desired  position. 

91.  Spiral  Spacing  Bars. — All  spirals  below  20  in.  diameter  may  be  fabricated  with  two 
spacing  bars.  Spirals  over  20  and  under  30  in.  should  have  3  spacers,  and  those  over  30  in., 
4  spacing  bars. 

92.  Spiral  Notes. — Spirals  should  extend  to  the  underside  of  the  floor  slab  where  beam  and 
slab  construction  is  used  and  to  the  bottom  of  the  depressed  panel  in  flat  slab  construction. 
Where  the  end  of  a  length  of  wire  used  in  coiling  a  spiral  occurs,  the  wires  should  be  lapped 
half  a  turn  round  the  spiral  and  hooked  round  the  spacing  bar  and  the  ends  left  projecting  6  in. 
or  more  into  the  column. 

93.  Reinforcement  at  Base  of  Columns. — If  the  same  mixture  of  concrete  is  used  in  the 
column  as  in  the  top  of  the  foundation,  it  will  usually  be  necessary  to  place  only  the  same 
number  of  dowel  bars  in  the  foundation  as  there  are  column  bars.  These  should  be  lapped  as 
explained  above.  Where  the  column  is  of  1-1-2  concrete  and  the  base  of  1-2-4,  an  analysis  of  a 
section  of  the  foundation  immediately  below  the  base  of  the  column  must  be  made  and  it  will 
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usually  be  found  that  it  is  necessary  to  insert  a  spiral  about  12  in.  long  in  the  top  of  the 
foundation  in  addition  to  the  dowel  bars. 

94.  Provision  for  Adding  Additional  Stories. — Since  pipe  sleeves  put  on  in  the  usual  way 
cannot  prove  effective,  the  writer  believes  that,  wherever  possible,  dowels  of  structural  grade 
steel  should  be  placed  in  the  top  of  columns  which  are  designed  to  carry  additional  stories. 
These  bars  may  be  bent  down  and  protected  by  the  fill  and  roofing  and  later  straightened  up 
when  the  additional  stories  are  added.  This  can  only  be  done,  however,  with  satisfaction  in  the 
case  of  small  bars.  For  bars  over  %  in.,  pipe  sleeves  should  be  used.  The  column  bars  should 
project  6  in.  above  the  original  construction.  The  pipe  sleeves  may  be  placed  when  the  exten- 
sion is  erected  and  should  be  large  enough  to  leave  at  least  ^  in.  of  space  around  the  bar.  The 
new  column  bars  should  be  placed  in  the  sleeves  (about  12  in.  long)  and  the  space  poured  in  with 
lead. 

06.  Columns  Supporting  Long-span  Beams. — Few  if  any  building  codes  make  provision 
for  the  fixed  end  condition  existing  at  the  junction  of  a  concrete  beam  and  column.  When  the 
present  codes  were  formulated,  the  use  of  long-span  beams  in  concrete  was  unusual.  Concrete 
beams  are  now  frequently  used,  however,  having  spans  of  over  35  ft.  Where  such  beams  are 
supported  on  brick  walls,  their  treatment  as  simple  beams  is  entirely  satisfactory.  Where  these 
beams  are  supported  on  concrete  columns,  designers  should  always  investigate  the  bending 
moments  occurring  at  the  connection  between  the  beam  and  column.  For  spans  up  to  about 
30  ft.  this  is  usually  unnecessary,  but  in  spans  of  over  35  ft.  it  is  essential.  In  recent  years  the 
analytical  process  for  determining  these  moments,  known  as  the  Slope-Deflection  Method, 
has  been  worked  up.  In  the  Ck>ncrete  Engineers'  Handbook  by  Hool  and  Johnson,  Sect.  10, 
this  method  of  analysis  is  treated. 

On  account  of  the  restrictions  imposed  by  existing  building  codes,  designers  may  not  take 
proper  advantage  of  this  method  of  analysis.     For  instance,  most  codes  provide  that  single 

span  beams  shall  be  designed  for  a  moment  of  -^,  no  matter  what  end  conditions  exist.     The 

designer  must  therefore  use  this  moment  at  the  center  of  the  beam  but  must  also  (even  though 
the  code  may  not  require  it)  provide  for  a  bending  moment  in  the  column  as  determined  by  the 
Slope-Deflection  Method. 

Most  structures  of  this  class  are  only  one  story  in  height,  the  long-span  beams  supporting 
roof  loads  only.     In  this  case  the  writer's  investigations  indicate  that  a  satisfactory  structure 

will  result  if  square  exterior  columns,  about  K's  of  the  beam  span  in  size,  are  used.     This  is, 

wl* 
of  course,  based  on  the  use  of  a  moment  of  -^  at  the  center  of  the  beam  and  upon  proper  pro- 
vision being  made  for  the  negative  moment  occurring  at  the  supports. 

06.  Spiral  Tables. — Tables  5  to  10  inclusive  give  the  weights  and  equivalent  areas  of  spirals 
for  rods  from  ^ito  ^^in.  diameter  varying  by  sixteenths.  The  weights  are  given  in  light  type 
and  the  equivalent  areas  in  dark  type.  The  weights  given  do  not  include  the  weight  of  mechan- 
ical spacing  bars  as  the  various  manufacturers  have  different  standards.  For  estimating  pur- 
poses it  is  safe  to  figure  2  lb.  per  lin.  ft.  of  spiral  to  cover  the  spacers.  .  There  will  be  found  upon 
these  tables  zigzag  lines  marked  3^%.,  1%.,  etc.  The  spiral  immediately  above  or 
to  the  right  of  these  lines  is  the  size  of  commercial  spiral  nearest  to  these  percentages.  The 
equivalent  areas  referred  to  above  are  the  cross  sections  of  cylinders  having  a  volume  equal  to 
the  volume  of  the  spiral  hooping.  To  obtain  the  percentage  of  spiral  in  a  column  containing 
a  given  spiral  it  is  necessary  to  read  from  the  table  the  dark  figure  opposite  the  size  of  spiral  and 
divide  this  figure  by  the  area  of  the  column  core.     Thus,  if  we  have  a  yi^-in.  spiral,  2-in.  pitch, 

25-in.  diameter,  the  equivalent  area  =  5.90  sq.  in.  and  the  percentage  =       4.00  ft —  =  1.2% 

If  the  Bise  of  spiral  shown  to  the  right  or  above  the  sigsag  line  for  a  ^ven  percentage  does  not  oomply  with  the 
oode  requirements  as  to  pitch,  a  satisfactory  spiral  may  be  found  from  these  tables  by  picking  out  one  of  the  same 
diameter  but  with  another  sixe  of  rod  having  the  same  weight  per  linear  foot.  Thus,  for  l\i  per  cent,  spiral  on 
a  10-in.  core,  it  is  found  that  a  H«-in.  rod  at  2H-in.  pitch  would  give  the  necessary  area.  The  weight  is  14.3 
lb.  per  sq.  ft.  Now  a  H-in.  spiral,  19  in.  diameter,  at  1^-in.  pitch,  weighs  13.81b.  and  at  l>i-in.  pitch  weighs  14.0 
lb.  A  H-in>  spiral,  19  in.  diameter,  and  lH«-in-  pitch  would  therefore  give  the  same  w«ight  per  foot. 
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97.  Column  Oniphs. — Diagram  1  is  a  graph  of  the  proposed  column  design  stresses  of  the 
American  Ckincrete  Institute.  Both  spirally  reinforced  and  tied  column  stresses  are  given. 
lines  are  shown  on  the  graph  for  }4i  I»  I  Mi  ^^^^  2  %  of  spiral  used  with  1-1-2,  1-1^-3  and 
1-2—4  concrete.  The  designer  may  interpolate  between  these  lines  for  other  percentages  of 
spiral.  It  will  be  found  that  on  each  of  the  lines  referred  to  is  designated  the  mixture  of  con- 
crete and  percentage  of  spiral  on  which  each  line  applies. 

Diagram  2  is  a  graph  of  the  Joint  Committee  column  stresses.  Under  this  code  recognition 
only  is  given  to  1  %  of  spiral,  otherwise  the  same  notes  as  above  apply. 

Table  11  gives  the  areas  of  circles  and  is  convenient  in  designing  spiral  columns  with  the 
graphs  referred  to  above. 

ninstrative  Problem. — Design  a  oolumn  for  a  load  of  700.000  lb. 

The  most  economical  oolumn  to  carry  a  given  load  is  probably  a  spiral  column  containing  ^i  %  each 
of  sptnd  and  vertical  steel,  using  1-1-2  concrete.  Such  a  column  would,  however,  be  almost  1.3  as  great  in  diam- 
eter   as    one   containing  2%  of  both  spiral  and  vertical,  and  for  a  minimum  for  this  load  it  would  be  better 

policy  to  use  moderately  high  percentages  of  steeL     Using  a  24-in.  core  which  has  an  area  of  452.4  sq.  in.  i^ves  an 

700  000 
average  core  stress  of    a^oa    ""  l^^  lb.  per  sq.  in.     Reading  from  Diagram  1  this  stress  would  require  with 

1-1-2  concrete  and  IH  %  of  spiral,  3.2  %  of  vertical  steel.  This  is  too  high  a  i)ercentage  of  vertical  steel  for  reas- 
onable economy  and  it  would  be  wise  to  use  1^  %  of  spiral.  By  interpolation  it  is  found  that  2.2  %  of  vertical 
would  be  required. 

This  result  may  now  be  checked  by  computation.     The  core  stress  —  /«  +  (n  —  l)/flp  +  (4n  —  l)/«p' 

-  780  +  (U,(750)(?^°)  +  (47)(750)(i^5) 

—  1548.3  lb.  per  sq.  in. 
whieh  ehecks  the  value  1550  lb.  very  closely. 

Now    the    equivalent  area    of  1^%   of  spiral  on  a  24-in.  core   —  ^jj^^  (452.4)  ■■  7.0sq.  in.     Referring 

to  Table  9  it  is  found  that  a  H-in.  spiral,  l^-in.  pitch,  gives  this  area  on  a  24-in.  core. 

(2  2  \ 
j^^  (452.4)   «  9.95    sq.    in.     Referring    to    Table   4  it  is  found  that 

thirteen  H-in.  square  bars  ■"  9.95  sq.  in. 

The  column  then  would  be  28  in.'in  diameter,  of  1-1-2  concrete,  containing  a  >^-in.  spiral,  at  I'Pi-in.  pitch 
24  in.  diameter,  and  thirteen  "H-in.  square  bars. 

9&  Plotting  Column  Graphs. — The  best  paper  to  use  for  plotting  column  graphs  has  20 
divisions  to  the  inch  in  each  direction.  This  can  be  obtained  with  green  lines  on  heavy  paper 
or  with  orange-red  lines  on  transparent  paper  for  blue  printing. 

After  making  some  preliminary  figures  to  obtain  the  range  of  stress  to  be  covered  in  the  graph,  lay  off  on  one 

ude  of  the  sheet  the  core  stresses  and  on  one  edge  the  various  percentages  of  vertical  steel.     Now  plot  two  of  the 

lines  shown    on  Diagram    1.     First    take   1-2-4  concrete  with  ties.     The  A.C.I,  allows  25%   of  the  28-day 

strength  for  concrete  columns,  so  with  gravel  concrete  we  have  25%  of  2000  »   500  lb.  per  sq.  in.     With  H 

%  of  vertical  steel  the  average 

core  stress  ■»/«+(»—  Dp.'"* 

-  500  -h  (14)(2i^)(500)  «-  535  lb.  per  sq.  in. 

With  A%  oi  vertioal  steel,  we  have 

core  stress  -  500  +  04)(t^)  (5^)  "  780  lb.  per  sq.  in. 

With  these  two  values  the  line  for  1-2-4  concrete  with  ties  may  be  plotted. 

For    spirally    reinforced    columns    the  AC.  I.  also    allows  25%   of  the  28-day  strength  for  the  concrete 
and  the  spiral  is  considered  equivalent  to  4  times  its  volume  of  vertical  steel.     Hence  the 

core  stress  ■■  /«  +  (n  —  l)p/«  +  (4»  —  1)p7« 

For  K  %  spiral,  H  %  vertical  and  1-2-4  concrete,  we  have 

core  stress  -  600  +  (14)  (^)  (500)  +  (59)  (^)  (500)  -  682  lb.  per  aq.  in. 

For  }4  %  spiral,  4  %  vertical  and  1-2-4  concrete, 

corestrns  -  500  +  (14)  (y^)  (500)  +  (^©^(o^b)^^^^  "  ^^®  ^^'  ^^^  ^'  *°' 

With  these  two  values  the  line  for  1-2-4  concrete  with  >^  %  spiral  may  be  plotted. 

Many  column  codes  allow  the  spiral  only  to  be  considered  as  effective  to  the  extent  of  2.4  times  its  volume  of 
vertical  steeL     The  formula  would  then  become 

core  stress  =  /,  +  (n  -  Dr/a  +  (2.4n  -  l)p'A 

In  this  formula,  unity  is  deducted  from  n  since  a  unit  volume  of  vertical  steel  displaces  a  unit  volume  of  concrete. 
Similarly  for  the  spiral  steeL  In  this  case,  however,  n  must  first  be  multiplied  by  the  factor  designating  the  efii- 
riency  of  the  spiral  steel  as  compared  with  the  vertical. 
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51.6 

1^ 

4.80 

14.6 
8.19 

21.0 
8.41 

28.6 
11.0 

37.4 

o 

f-4 

8.91 

13.3 
8.61 

19.1 
7.88 
26.0 
10.0 

34.0 

00 

8.11 

10.6 
4.80 

15.3 
8.18 

20.8 
8.00 

27.2 

CO 

1.84 

7.96 
3.38 

11.5 
4.80 

15.6 

« 

■* 

1.88 

5.31 
1.18 

7.65 
8.08 

10.4 

rH 

0.8908 

1.328 
0.8818 

1.913 
0.7888 

2.603 
1.000 

3.400 
1.188 

4.303 
1.888 

5.312 
1.891 

6.428 
1.180 

7.650 

Siie 
(inches) 

>«B    N<«    •«•           v*0    v«»    ^«    V« 
Mfs^     «#^     »^           .^     ,-\     w^     ,A, 
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Tablb  5 


Arbas  and 

Wbightb  or 

«-IH. 

WnuB  Spirals 

Areas  of  Equivalent  Cylinders 

in  Square  inches  Given  in  Heavy  Figures 

Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  T.ight  Figaros            | 

• 

Fitoh  of  Spiral  in  Inches 

3" 

2H" 

2H" 

2H" 

2H" 

2H" 

2H" 

2H" 

2" 

IH" 

iH" 

IH" 

IH" 

10 

0.616 

O.MT 

0.888 

0.888 

0.818 

0.881 

0.M8 

0.188 

O.TTl 

0.884 

O.OM 

O.OM 

l.M 

11 

1.76 
0.608 

1.83 
0.801 

1.91 
0.818 

2.00 
0.040 

2.10 
0.810 

2.21 
0.116 

2.33 
0.104 

2.47 
0.108 

2.62 
O.Ott 

2.80 

3.00 
O.OTl 

3.23 
l.M 

3.50 
1.18 

O.OM 

12 

1.02 
O.OIT 

2.01 
0.048 

2.10 
0.8T4 

2.20 
0.108 

2.31 
0.141 

2.43 
0.181 

2.66 
O.Ott 

2.72 
0.811 

2.88 
O.OM 

3.08 
0.M1 

3.30 

3.55 
1.14 

3.85 
Ltt 

l.M 

13 

2.10 
0.088 

2.10 
0.800 

2.20 
0.180 

2.40 
0.T04 

2.62 
0.008 

2.66 
O.OM 

2.80 
0.808 

2.06 
0.044 

3.16 
l.M 

3.36 
LOT 

3.60 
1.18 

3  88 

4.19 
LM 

Ltt 

14 

2.27 

2.38 

2.48 
0.188 

2.60 
0.888 

2.73 
0.888 

2.88 
0.011 

3.08 
0.081 

3.21 
1.08 

3.41 
l.M 

3.64 
1.10 

3.00 
l.tt 

4.20 
l.M 

4.54 

0.180 

0.188 

l.M^^' 

16 

2.46 
0.1T1 

2.66 
0.80T 

2.67 

2.80 

2.04 
O.OM 

3.10 
0.010 

8.26 
1.08 

3.46 
1.00 

3.67 
1.18 

3.02 
Ltt 

4.20 
l.M 

4.62 
Ltt 

4.00 
l.U 

0.841 

0.888 

16 

2.62 
0.888 

2.74 
0.800 

2.87  1 
0.888 

3.00 

3.16 

3.32 
1.04 

3.60 
1.10 

3.71 
1.18 

3.04 
l.tt 

4.20 
1.81 

4.60 
1.41 

4.86 
l.M 

5.24 
LM 

0.040 

0.001 

17 

2.80 
0.814 

2.92 
0.018 

3.06 
0.084 

3.20 
1.00 

3.36 
1.08 

3.64 

3.73 
I.IT 

3.96 
l.tt 

4.20 
1.81 

4.48 
1.481 

4.80 
l.M 

5.17 
1.81 

6.60 
LT4 

l.U 

18 

2.97 
0.088 

3.10 
0.008 

3.24 
1.01 

3.40 
1.08 

3.66 
1.11 

3.76 
I.IT 

3.06 

4.10 
1.81 

4.46 
l.M 

4.76 
l.tt 

5.10 
l.M 

5.40 
l.Tl 

5.94 
LM 

1.84 

10 

3.16 
0.018 

3.20 
1.08 

3.44 
1.01 

3.60 
1.18 

3.78 
1.11 

3.98 
1.84 

4.20 
1.80 

4.45 

4.73 
l.M 

6.06 
l.M 

5.40 
LOT 

5.82 
LM 

6.28 
LOO 

1.88 

20 

3.32 
1.08 

3.47 
LOT 

3.62 
I.IS 

3.80 
I.IT 

3.98 
l.tt 

4.20 
1.80 

4.43 
1.8T 

4.60 
l.tt 

4.08 

6.32 
l.M 

5.70 
LT8 

6.14 
LM 

6.64 
S.M 

l.M 

3.60 

3.66 

3.82 

4.00 

4.20 

4.42 

4.66 

4.03 

6.26 

5.60 

6.00 

6.46 

7.00 

21 

1.08 

1.18 

1.18 

l.tt 

1.80 

1.81 

1.44 

l.M 

l.M 

1.T8 

l.M 

LM 

8.18 

22 

3.67 
1.18 

3.84 
1.18 

4.01 
1.88 

4.20 
1.88 

4.40 
1.88 

4.64 
l.tt 

4.90 
1.61 

6.18 
l.M 

6.61 
1.10 

5  88 

6.30 
1.04 

6.78 
S.M 

7.34 
S.ST 

1.81 

23 

3.85 
1.18 

4.02 
l.tt 

4.20 
1.88 

4.40 
1.88 

4.62 
l.tt 

4.86 
l.tt 

6.13 
l.M 

6:43 
1.8T 

5.77 
LIT 

6.16 
l.M 

6.60 

7.11 
8.18 

7.70 
S.8T 

S.M 

4.02 

4.20 

4.38 

4.60 

4.83 

6.08 

5.36 

6.67 

6.03 

6.44 

6.90 

7.43 

8.05 

24 

1.84 

1.80 

1.88 

1.41 

l.tt 

1.08 

1.08 

1.14 

l.M 

LOT 

S.18 

S.M 

S.4T 

26 

4.20 
1.80 

4.38 
1.84 

4.67 
1.40 

4.80 
1.4T 

6.04 
l.U 

6.30 
1.88 

6.60 
l.Tl 

5.02 
l.M 

6.30 
1.08 

6.72 
S.M 

7.20 
S.M 

7.75 

8.40 
S.8T 

S.8T 

4.37 

4.67 

4.78 

6.00 

5.26 

6.63 

5.83 

6.17 

6.66 

7.00 

7.60 

8.07 

8.75 

26 

1.84 

1.40 

1.40 

l.M 

1.81 

1.00 

1.T8 

l.M 

S.M 

S.14 

S.M 

S.4T 

S.8T 

27 

4.66 
1.80 

4.76 
1.48 

4.96 
1.08 

6.20 
1.80 

6.46 
1.81 

6.76 
1.T8 

6.06 
1.88 

6.42 
l.M 

6.82 
S.M 

7.28 
S.M 

7.80 
S.88 

8.30 
S.M 

9.10 

S.T8*^' 

4.72 

4.04 

6.16 

6.40 

6.67 

6.06 

6.30 

6.66 

7.08 

7.66 

8.10 

8.72 

9.45 

28 

1.44 

1.80 

1.81 

1.04 

1.18 

1.88 

1.08 

S.M 

8.18 

S.M 

S.4T 

S.M 

S.M 

4.00 

6.11 

6.34 

6.60 

5.88 

6.10 

6.63 

6.91 

7.34 

7.84 

8.40 

9.04 

9.80 

20 

1.40 

1.08 

1.88 

1.10 

1.10 

1.80 

1.00 

8.11 

8.84 

S.M 

S.M 

S.T8 

S.M 

5.07 

6.30 

5.63 

6.80 

0.00 

6.41 

6.77 

7.16 

7.60 

8.12 

8.70 

9.36 

10.16 

Spirals  aboYO  and  to  n 

ightof 

sigsag 

lines  are  neai 

restoo 

mmero 

ialslM 

>  fully  c 

Miual  to  percentage  of  core  area  indi- 

oated  at  end  of  line. 

Weights  in  above  UbI 

eindu 

dethe 

wire  only.     1 

rothis 

musti 

be  add 

edthe 

weights  of  the  spacing  bars  and  the 

weight  of  extra  turn  at  en* 

daofs 

piral. 
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Table  6 

Core  diam.  Qnohes) 

Areab  and  Wsightb  op  Ke-iN.  Wxbb  Spirals 

Areas  of  Equivalent  Cylinders  in  Square  Inches  Given  in  Heavy  Figures 

Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Pitch  of  Spiral  in  Inches 

3" 

2H" 

2H" 

2«" 

2H" 

2H" 

2>i" 

2H" 

2" 

IH" 

IH" 

IH" 

IH" 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 

0.808 

2.73 

0.888 

2.86 

0.876 

2.98 

0.968 

3.28 

0.918 

3.13 

1.01 

3.44 

0.964 

3.28 
1.06 

3.61 
1.16 
3.93 

1.01 

3.46 
1.11 
3.80 

I.n 

4.16 

1.81 

4.50 

1.07 
3.65 
l.U 
4.01 
1.18 
4.39 

1.89 

4.75 

1.18 
3.86 
1.16 

4.26 
1.86 

4.64 

1.47 

5.02 

1.69 
6.41 

1.10 

4.10 

1.18 

4.38 

1.88 

4.69 
1.81 
6.16 

l.tt 

5.05 
l.tt 

5.56 

1.78 
6.06 

1.61 
6.48 
l.TT 
6.02 
1.98 
6.57 
1.09 

0.884 

3.01 

0.966 

3.28 

1.04 

3.65 

1.11 

3.83 

1.10 
4.10 
1  19 

4.38 
1.87 
4.65 
1.46 

4.93 
1.88 

5.20 

1.61 

5.47 

0.911 

3.14 
1.01 
3.43 
1.09 
3.72 
1.17 
4.00 

1.16 

4.29 
1.84 
4.57 
l.tt 
4.86 
1.81 
5.14 
1.69 
5.43 

1.68 

5.71 

1.76 

6.00 

1.88 

4.52 
1.44 
4.93 
1.67 
5.34 

l.6i 

5.75 

1.41 
4.82 
1.64 

6.26 
1.67 
6.70 
1.80 
6.13 

1.98 

6.67 

1.06 

7.01 

1.08 

3.58 
1.14 
3.88 
1.18 
4. IS 

1.81 
4.48 
1.40 
4.78 
1.49 
5.08 
1.68 
6.37 
1.66 
5.68 

1.78 

5.97 
1.84 

6.27 

1.98 

6.67 

1.10 

3.75 
1.19 
4.06 
1.18 
4.38 

1.88 
4.69 
1.47 
5.01 
1.86 
5.32 
1.68 
5.63 
1.74 
6.94 

1.88 

6.26 
1.98 

6.56 
1.01 

6.88 

1.11 

7.19 

1.66 

5.63 
1.79 
6.10 
1.98 
6.56 

1.07 
7.04 
1.10 
7.51 
1.84 
7.08 

1.18 

4.27 
1.86 

4.60 

1.48 

4.93 
1.84 
5.26 
1.64 
5.68 
1.78 
6.91 
1.88 
6.24 

1.98 
6.67 
1.01 
6.89 
1.11 
7.22 
1.11 
7.65 

1.81 

7.88 

1.98 
6.57 
1.06 

7.08 

I.n 

7.59 
1.88 

8.08 
l.M 

8.59 

l.tt 

4.84 

1.81 

5.19 
1.61 
5.53 

I.n 

5.88 
1.88 
6.22 
1.98 

6.57 

1.08 
6.91 
1.18 
7.26 
1.18 
7.61 
1.88 
7.95 
1.48 
8.30 

1.84 

8.65 
1.64 

9.00 

1.60 

6.11 

1.61 
5.48 
1.71 
5.84 
1.81 
6.21 
1.98 
6.57 
1.08 
6.94 

1.14 
7.30 
1.18 
7.67 
1.88 
8.03 
1.46 
8.40 
1.87 
8.76 

1.68 

9.13 
1.78 
9.60 
1.89 

9.87 

i.m'*" 

7.67 

1.41 
8.21 
1.67 

8.76 
1.78 
9.31 
1.89 

9.86 
8.06 
10.4 

6. 791 

1.81 

6.16 

1.81 
6.18 
1.98 
6.56 
1.04 
6.95 
1.16 
7.34 

1.17 

7.72 
1.88 

8.11 
1.60 
8.49 
1.61 
8.88 
l.Tl 
9.27 

1.88 

9.66 
1.98 

10.0 
8.06 

10.4 
8.17 
10.8 

8.19 

11.2 

1.98 
6.67 
1.06 
6.98 
1.17 
7.39 
1.19 
7.80 

1.41 

8.21 
1.88 

8.62 
1.68 

9.04 
1.77 
9.46 
1.89 

9.86 

8.01 
10.3 

8.18 
10.7 

8.16 
11.1 

8.87 
11.5 

8.49 
U.9 

8.61 

12.3 
8.74 
12.7 

1.19 

7.45 
1.81 
7.88 
1.44 
8.32 

1.87 

8.76 
1.70 
9.20 
1.88 
9.65 
1.98 

10.1 
8.06 

10.5 

8.11 
11.0 
8.84 

11.4 
8.47 

11.8 
8.60 

12.3 
8.78 

12.7 

8.86 

13.1 
8.99 

13.6 
4.11 

14.0 
4.14 

14.5 

1.4d 
8.44 
1.68 
8.921 

1.67 

9.10 

1.81 

9.60 

1.78 
9.39 
1.89 

9.86 
8.08 
10.3 
8.17 

10.8 
8.81 

11.3 

8.44 

11.7 
8.68 

12.2 
8.71 

12.7 
8.86 

13.1 
8.99 

13.6 

4.18 
14.1 

4.17 
14.5 

4.41 
15.0 

4.66 
15.5 

4.69 
16.0 

...J 

10.1  1 

8.11 

8.87 
11.6 
8.68 

12.0 
8.70 

12.6 
8.86 

13.1 

4.01 
13.7 

4.18 
14.2 

4.84 
14.8 

4.60 
15.3 

4.66 
16.9 

4.81 

16.4 
4.98 

17.0 
8.14 

17.6 
6.81 

18.1 
6.47 

18.6 

1.69 

5.74 
1.77 
6.02 
1.86 
6.29 
1.98 
6.56 

1.01 
6.83 
1.09 
7.11 
1.17 
7.38 
1.18 
7.66 
1.88 
7.93 

1.41 
8.21 
1.49 

8.48 
1.87 
8.75 
1.68 

9.03 
1.78 
9.30 

8.11 
10.6 
8.16 

11.1 
8.41 

11.6 
8.66 

12.1 

8.71 
12.6 
8.86 

13.1 
4.01 

13.6 
4.16 

14.1 
4.80 
14.6 

4.48 

15.2 

4.60 
15.7 

4.78 
16.2 

4.90 
16.7 

6.06 
17.2 

*% 

1.84 
6.29 
1.98 
6.57 
1.01 
6.85 

1.09 
7.14 
1.18 
7.43 
1.16 
7.72 
1.88 
8.00 
1.48 
8.29 

1.61 

8.68 
1.60 
8.86 
1.68 
9.15 
1.77 
9.44 
1.88 
9.72 

1.01 

6.87 
1.10 
7.17 

1.19 

7.46 
1.18 

7.77 
1.87 
8.06 
1.48 
8.36 
1.84 
8.66 

1.68 

8.96 

i.n 

9.26 
1.81 
9.66 
1.89 
9.86 
1.98 
10.2 

1.10 

7.61 

1.19 

7.82 
1.8t 
8.13 
1.48 
8.45 
1.87 
8.75 
1.66 
9.08 

1.78 

9.39 
1.84 

9.70 
1.94 

10.0 
8.08 

10.3 
8.11 

10.6 

1.41 

8.21 
1.81 

8.54 
1.60 
8.87 
1.70 
9.20 
1.80 
9.53 

1.89 

9.86 
1.99 

10.2 
8.08 

10.5 
8.18 

10.8 
8.18 

11.2 

1.74 
9.36 
1.84 
9.69 
1.94 
10.0 

8.04 
10.4 

8.14 
10.7 

8.18 
11.1 

8.88 
11.4 

8.46 
11.8 

8.00 
10.2 

8.11 
10.6 

8.11 

11.0 
8.81 

11.3 
8.48 

11.7 
8.88 

12.1 
8.64 

12.4 

8.40 
11.6 

12.0* 
8.68 

12.4 
8.74 

12.7 
8.86 

13.1 

8.86 

13.1 
8.98 

13.5 
4.10 
14.0 

4.8^ 

14.9 
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Table  7 


Arbas  and  Wbiqhtb  op  ^-in.  Wirk  Spirals 

Areas  of  Equivalent  Cylinders  in  Square  Inches  Given  in  Heavy  Figures 

Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Core  diam.  (inches) 

Pitch  of  Spiral  in  Inches 

3" 

2H" 

2H" 

2«" 

2«" 

2H" 

2H" 

2H" 

2" 

IH" 

IK" 

IH" 

IH" 

16 

I.7J   l.tl 

1.89 

1.98 

1.08 

1.19 

l.M 

1  48 

l.M 

1.78 

1.97 

S.ll 

3.47 

16 

5.91 
l.M 

6.16 

6.44 
l.M 

6.73 
l.U 

7.18 

i.n 

7.46 
1.84 

7.87 
1.47 

8.32 
l.M 

8.85 
1.78 

9.45 

10.1 
3.17 

10.9 

11.8 
3.70 

1.93 

1.98 

17 

6.30 
1.97 

6.57 
1.05 

6.87 

7.18 

7.55 
1.88 

7.96 
1.48 

8.39 
l.M 

8.8^ 
1.78 

9.44 
1.98 

10.1 
S.18 

10.8 

11.6 
S.M 

12.6 
S  94 

1.14 

1.18 

3.37 

18 

6  69 
t  M 

6  98 
1.17 

7.30 
1.17 

7  63 
1.88 

8.02 

8  45 
1.84 

8.92 
1.78 

9.44 
1.94 

10.0 
8.11 

10.7 
S.M 

11.5 
3.87 

12.3 
S.84 

13.4 
4.18 

1.80 

19 

7.08 
1.10 

7.39 
1.19 

7.73 
1.40 

80.8 
1.81 

8.50 
1.84 

8.94 

9.44 
1.98 

10.0 
8.10 

10.6 
S.M 

11.3 
S.M 

12.1 
3.77 

13.1 

14.2 
4.M 

1.78 

4.M 

20 

7.48 

i.n 

7.81 
1.41 

8.15 
1.81 

8.53 
1.84 

8.97 
1.78 

9.45 
l.M 

9.97 

10.6 

11.2 
S.47 

12.0 
8.70 

12.8 
3.97 

18.8 
4.17 

14.9 

3M 

8.17 

4.M 

21 

7.87 
l.tt 

8.21 

lis 

8.59 
1.88 

8.98 
1.78 

9.44 
1.91 

9.94 
8.07 

10.6  1 
8.14 

11.1 

11.8 
S.87 

12.6 
S.M 

13.6 
4.18 

14.6 
4.49 

16.7 
4.M 

8.48 

8.26 

8.62 

9.02 

9.43 

9.92 

10.4 

11.0 

11.6 

12.4 

13.2 

14.2 

15.2 

16.6 

22 

1.86 

1  •§ 

1.77 

1.91 

8.08 

8.M 

8.n 

8.n 

S.M 

4.07 

4.38 

4.70 

S.M 

23 

8.66 
1.66 

9.04 
1.78 

9.45 
1.90 

9.88 
8.04 

10.4 
8.19 

10.9 
8.88 

11.6 

8.88 

12.2 

8.78 

13.0 

13.8 
4.18 

14.8 
4.M 

16.0 
4.91 

17.3 
S.M 

S.M 

24 

9.05 
1.7t 

9.45 
1.90 

9.88 
8.08 

10.3 
8.17 

10.9 
8.88 

11.4 
8.81 

12.1 
8.70 

12.8 
8.M 

13.6 
4.17 

14.6 

15.6 

16.7 
8.11 

18.1 
S.M 

4  44 

4.78 

9.45 

9.86 

10.3 

10.8 

11.3 

11.9 

12.6 

13.3 

14.2 

15.1 

16.2 

17.4 

18.9 

25 

i.m 

8.01 

8.18 

8.80 

8.47 

8.88 

S.M 

4.M 

4.84 

15. 7I 

4.98 

8.84 

8.79 

26 

9.84 
8.01 

10.3 
3.14 

10.7 
8.18 

11  2 
8.44 

11.8 
8.81 

12.4 
3.80 

13.1 
4.01 

13.9 
4.18 

14.7 
4.81 

16.9 

18.2 
S.M 

19.7 
S.M 

4.81 

8.18 

10.2 

10.7 

11.2 

11.7 

12.3 

12.9 

13.6 

14.4 

15.4 

16.4 

17.6 

18.9 

20.4 

27 

S.U 

8.18 

3.41 

8.87 

8.78 

8.98 

4.17 

4  41 

4.M 

5.M 

8.38 

8.78 

8. IS 

28 

10.6 
8.14 

11.1 
8.38 

11.6 
8.88 

12.1 
8.70 

12.7 
3.80 

13.4 
4.M 

14.2 
4.81 

15.0 
4.87 

15.9 
4.88 

17.0 
8.19 

18.2 
S.M 

19.6 

21.2 
S.M 

8.98 

11.0 

11.5 

12.0 

12.6 

13.2 

13.9 

14.7 

15.6 

16.5 

17.6 

18.9 

20  4 

22.0 

29 

1.86 

8.80 

8.88 

8.84 

4.08 

4.14 

4.47 

4.74 

8.04 

8.87 

8.78 

8.10 

8.71 

30 

11.4 
1.47 

11.9 
S.tt 

12.5 
8.79 

13.0 
8.97 

13.7 
4.17 

14.4 
4.89 

15.2 
4.M 

16.1 
4.90 

17.1 
8.11 

18.3 
8.88 

19.6 
8.98 

21.1 
8.41 

^^•^1% 

8.94 

11.8 

12.3 

12.9 

13.5 

14.2 

14.9 

15.7 

16.6 

17.7 

18.9 

20.2 

21.8 

23.6 

31 

S.69 

8.74 

8  91 

4.10 

4.81 

4.88 

4.78 

8.08 

5.39 

5.74 

8.18 

S.M 

7.18 

12.2 

12.7 

13.3 

13.9 

14.6 

15.4 

16.3 

16.2 

18.3 

19.5 

20.9 

22.5 

24.4 

32 

3.70 

3  88 

4  04 

4.28 

4.44 

4.M 

4.94 

8.13 

8.M 

6  98 

S.M 

S.M 

7.41 

12.6 

13.1 

13.7 

14.4 

15.1 

15.9 

16.8 

17.8 

18.9 

20.1 

21.6 

23.3 

25.2 

83 

S.81 

3.98 

4.17 

4.38 

4.80 

4.M 

8.09 

8.39 

5.73 

8.11 

S.M 

7.M 

7.M 

13.0 

13.5 

14.2 

14.8 

15.6 

16.4 

17.3 

18.3 

19.5 

20.8 

22.3 

24.0 

26.0 

34 

8.14 

4.11 

4  19 

4.60 

4.71 

4.97 

8.18 

8.58 

8.91 

8.M 

8.78 

7.17 

7.87 

13.4 

14.0 

14.6 

15.3 

16.1 

16.9 

17.8 

18.9 

20.1 

21.4 

23.0 

24.7 

26.8 

35 

4.08 

4.13 

4.tt 

4.88 

4.88 

8  U 

8.40 

8.71 

8.M 

S.M 

8.95 

7.48 

8.10 

13  8 

14.4 

15.0 

15.7 

16.5 

17.4 

18.4 

19.4 

20.7 

22.0 

23.6 

26.4 

27.5 

36 

4.U 

4.84 

4.84 

4.78 

8.00 

8.18 

8.88 

5.M 

8.15 

8. €8 

7.14 

7.M 

8. 38 

14.2 

14.8 

15.4 

16.2 

17.0 

17.9 

18.9 

20.0 

21.3 

22.7 

24.3 

26.2 

28.3 

37 

4.18 

4.47 

4.67 

4.89 

8.14 

8.41 

8.71 

8.05 

8.43 

S.M 

7.34 

7.01 

S.M 

14.6 

15.2 

15.9 

16  6 

17.6 

18.4 

19.4 

20.6 

21.9 

23.3 

26.0 

26.9 

29.1 

38 

4  40 

4.89 

4.80 

8.08 

8.18 

8.88 

8.87 

8.11 

8.M 

7.04 

7.54 

8.12 

8.79 

15.0 

15.6 

16.3 

17.1 

18.0 

18  9 

19.9 

21.1 

22.4 

23.9 

25.6 

27.6 

29.9 

39 

4.81 

4.71 

4.92 

8.18 

8.48 

8.70 

8  M 

8.87 

8.77 

7.M 

7.74 

S.M 

9.M 

15.4 

16.0 

16.7 

17.5 

18.4 

19.4 

20.5 

21.6 

23.0 

24.6 

26.3 

28.3 

30.7 
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Table  8 


Arbaa  and  Wrniam  or  H«-uf>  Wirb  Spirals 

Areas  of  Equivalent  Cylinders  in  Square  Inohes  Given  in  Heavy  Fifures 

Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  TAght  Figures 

Core  diam.  (inches) 

• 

Pitch  of  Spiral  in  Inohes 

3" 

2H" 

2H" 

2H" 

2H" 

2H" 

2K" 

2H" 

2" 

IH" 

IH" 

IH" 

IH" 

15 

8.80 

8.47 

8.8d  8.70 

8.84 

8.00 

8.10 

8. 84  8.84 

16 

8.03 
8.18 

8.38 
8.88 

8.76 

0.21 

0.65 
8.08 

10.1 
8.U 

10.7 
8.80 

11 .31 
8.00 

12.0 

4.08 

8.78 

8.08 

8.78 

17 

8.56 
8.88 

8.04 
8.80 

0.35 
8.01 

0.80 
8.00 

10.3 

10.8 
8.38 

11.4 
8.87 

12.1 
8.78 

12.8 
4.01 

13.7 

4.50 

0.88 

4.10 

18 

0.10 
8.88 

0.50 
8.00 

0.03 
8.00 

10.4 
8.84 

10.0 
8.40 

11.5 

12.1 
8.78 

12.8 
8.00 

13.7 
4.10 

14.6 
4.M 

15.6 

0.10 

8.M 

4.00 

10 

0.64 
8.00 

10.1 
8.18 

10.5 
8.80 

11.0 
8.tt 

11.6 
8.M 

12.2 
8.78 

12.0 

13.6 
4.11 

14.5 
4.40 

15.4 
4.70 

16.5 
0.18 

17.8 

8.00 

0.81 

0.00 

20 

10.2 
8.18 

10.6 
8.88 

11.1 
8.44 

11.6 
8.80 

12.2 
8.78 

12.8 
8.00 

13.6 
4.10 

14.3 

15.3 
4.71 

16.3 
8.04 

17.4 
0.40 

18.8 
0.01 

20.3 

4.44 

0.10 

21 

10.7 

11.2 

11.7 
8.01 

12.2 
8.78 

12.8 
8.07 

13.5 
4.10 

14.8 
4.41 

15.1 
4.00 

16.1 

17.1 
0.10 

18.3 
^.07 

10.7  1 
0.10 

21  4  0-. 

8.80 

8. a 

4.00 

22 

11.2 
8.48 

11.7 
8.08 

12.3 
8.78 

12.8 
8.00 

13.5 
4.10 

14.2 
4.88 

15.0 
4.81 

15.8 
4.M 

16.0 
0.10 

18.0 

10.3 
0.04 

20.7 
0.80 

22.5 

0.84 

0.01 

23 

11.8 
8.88 

12.3 
8.78 

12.8 

13.5 
4.14 

14.1 
4.88 

14.0 
4.00 

15.7 
4.08 

16.6 
0.11 

17.7 
0.48 

18.8 
8.70 

20.2 

21.7 
0.80 

23.7 

8.05 

0.81 

7.14 

24 

12.3 

8.n 

12.0 
8.04 

13.4 
4.18 

14.1 

14.8 
4.54 

15.6 
4.78 

16.4 
8.04 

17.4 
0.88 

18.5 
0.07 

10.7 
0.04 

21.1 
O.tt 

22.7 
0.07 

24.6 

4.88 

7.08 

25 

12.8 
8.08 

13.4 
4.11 

14.0 
4.80 

14.7 
4.00 

15.4 

16.2 

17.1 
0.18 

18.1 
0.88 

10.3 
0.00 

20.6 
0.80 

22.0 
0.70 

23.7 

25.7 

.„ 

4.08 

7.11 

7.00 

26 

13.4 
4.00 

14.0 
4.88 

14.6 
4.47 

15.3 
4.80 

16.1  1 
4.08 

IG.O 

17.0 
0.40 

18.0 
0.77 

20.1 
0.14 

21.4 
0.88 

22.0 
7.08 

24.7    26.8 

0.10 

7.01    8.18 

27 

13.0 
4.88 

14.5 
4.44 

15.2 
4.84 

16.0 
4.00 

16.7 
8.11 

17.6 
0.38 

18.6 

10.6 
0.00 

20.0 
0.88 

22.3 
0.80 

23.8 
7.10 

25.7    27.8  ,,„ 

0.07 

7.84 

OBO*"'- 

14.4 

15.1 

15.8 

16.5 

17.3 

18.3 

10.3 

20.4 

21.7 

23.1 

24.8 

26.7 

28.0 

28 

4.41 

4.60 

4.81 

0.04 

0.80 

8.07 

0.88 

0.11 

0.01 

7.00 

7.80 

8.18 

0.01 

20 

15.0 
4.87 

15.6 
4. TO 

16.4 
4.00 

17.1 
0.88 

18.0 
8.48 

18.0 
0.77 

20.0 
0.00 

21.1 

22.5 

24.0 
7.81 

25.7 
7.08 

27.6 
8.48 

30.0 

%.4M 

0.08 

0.18 

15.5 

16.2 

16.0 

17.7 

18.6 

10.6 

20.7 

21.0    23.3 

24.8 

26.6 

28.6 

31.1 

30 

4.78 

4.08 

8.10 

0.40 

8.07 

0.07 

0.81 

0.0«    7.00 

7.00 

8.10 

8.71 

0.40 

81 

16.0 
4.88 

16.8 
5.00 

17.5 
0.88 

18.3 
8.88 

10.3 
8.00 

20.3 
0.17 

21.5 
8.61 

22.6 
0.08 

24.1 

25.7 
7.81 

27.5 
8.87 

20.6 
0.01 

32.1 

7.81 

0.70 

16.6 

17.3 

18.1 

10.0 

10.0 

20.0 

22.2 

23.4 

24.0 

26.6 

28.4 

30.6 

33.2 

32 

8.04 

8.88 

8.60 

8.70 

0.00 

0.87 

0.71 

7.10 

7.80 

8.00 

8.04 

0.80 

10.1 

17.1 

17.0 

18.7 

10.6 

20.6 

21.6 

22.0 

24.2 

26.7 

27.4 

20.4 

31.6 

34.3 

33 

8.10 

O.tt 

8.87 

8.04 

0.84 

0.07 

0.08 

7.88 

7.70 

0.81 

0.08 

O.M 

10.4 

34 

17.7 
5.88 

18.4 
8.88 

10.3 
8.84 

20.2 
0.18 

21.2 
0.48 

22.3 
0.77 

23.6 
7.10 

24.0 
7.68 

26.5 
0.08 

28.3 

30.3 
0.10 

32.6 
0.00 

35.8 

8.01 

10  .T 

18.2 

10.0 

10.0 

20.8 

21.0 

23.0 

24.3 

25.7 

27.3 

20.1 

31.2 

• 

33.0 

36.4 

35 

5.81 

8.75 

0.08 

8.80 

0.88 

0.07 

7.88 

7.77 

0.10 

8.81 

0.40 

10.1 

11.0 

36 

18.7 
5.80 

10.5 
8.01 

20.4 

o.u 

21.4 
0.40 

22.5 
0.80 

23.7 
7.17 

25.0 
7.00 

26.4 
7.00 

28.1 
0.00 

30.0 
0.07 

32.1 

34.0 
10.0 

37.0 

0.71 

11.8 

10.3 

20.1 

21.0 

22.0 

23.1 

24.4 

25.7 

27.2 

28.0 

30.8 

33.0 

36.5 

38.5 

37 

8.88 

0.00 

0.88 

0.08 

0.00 

7.87 

7.70 

o.n 

0.74 

0.81 

10.0 

10.7 

11.8 

38 

10.8 
8.08 

20.7 
0.84 

21.6 
0.08 

22.6 
0.84 

23.8 
7.10 

25.0 
7.07 

26.4 
7.00 

27.0 
0.44 

20.7 
0.08 

31.7 
0.08 

33.0 
10.8 

36.5 

30.0 

11.0 

11.0 

20.4 

21.2 

22.2 

23.3 

24.4 

25.7 

27.2 

28.7 

30.5 

32.6 

34.0 

37.5 

40.7 

30 

8.18 

0.40 

0.88 

T.Oi 

7.87 

7.77 

0.10 

8.00 

O.n 

0.08 

10.0 

11.8 

18.8 

20.0 

21.8 

22.8 

23.0 

25.1 

26.4 

27.0 

20.5 

31.3 

33.4 

35.6 

38.5 

*^^1% 
1% 
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Tablb  0 


Core  diam.  (inohes) 

Arhaa  and  Wnaim  or  H-im.  Wibb  SnRAiiS 
AreM  of  Equivalmt  Cylinden  in  Bquare  Inohes  Given  in  Heavy  Ficuree 
Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Piteh  of  Spiral  in  Inches 

1 

3" 

2H" 

2H" 

2H" 

2H" 

2H" 

2>i" 

2H" 

2" 

IH" 

IH" 

IH" 

IH" 

15 
16 
17 

18 

10 

20 
21 
22 
23 
24 

25 
26 

27 
28 
20 

30 
31 
32 
33 
34 

35 
36 
37 
38 

30 

8.08 
10.5 

8.18 
11.2 

8.48 
11.0 

8.11 

11.0 
8.48 

11.7 
8.88 

12.4 
8.88 

13.1 

4.01 

13.0 

8.88 

11.4 
8.M 

12.2 
8.81 

13.0 
4.04 
13.7 

4.11 

14.5 

8.61 

12.0 

8.78 
12.8 

8.88 
13.6 

4.U 
14.4 

4.48 
15.2 

4.70 

16.0 

8.18 
12.6 
8.84 

13.4 

8.88 

13.2 

4.18 

14.1 

4.86 

15.0 

8.88 

17.8 

8.86 

20.0 

8.88 

22.4 

7.76 

26.4 

8.78 

29.9 

8.11 

31.0 

10.8 
35.0 

10.7 

36.4  „ 

2% 

11.1 

37.8 

11.8 

39.2 

11.8 

40.6 

11.8 

42.0 
11.7 
43.3 
18.8 
44.7 
18.6 
46.1 
14.0 

14.4 

48.9 
14.8 
50.4 
18.8 
51.8 
18.6 
53.2 
16.0 
54.6 

4.18 

14.3 
4.44 

15.1 
4.88 

16.0 

4.88 

16.8 
8.18 

17.6 

4.tt 

15.0 
4.68 

15.0 
4.84 

16.8 

8.18 

17.7 
8.48 

18.5 

8.71 

10.4 

8.70 
12.6 
8.81 

13.3 

4.11 
14.0 

4.81 
14.7 

4.H 
15.4 

4.18 
16.1 

4.88 
16.8 

8.16 
17.5 

8.88 

18.2 

4.84 

16.8 
8.11 

17.7 

8.48 

18.6 
8.78 

10.6 
8.08 

20.5 
8.81 

21.4 

8.81 

18.8 

8.88 

10.8 
8.08 

20.8 
8.88 

21.7 
6.67 

22.7 
8.86 

23.7 

4.18 

14.6 

4.80 
15.3 

4.11 
16.1 

4.84 
16.8 

8.16 
17.5 

6.88 

18.3 
8.80 

10.0 
8.80 

10.7 

... 

15.3 

4.71 
16.0 

4.04 
16.8 

8.18 
17.6 

8.88 
18.3 

8.61 

10.1 
8.U 

18.0 
8.08 

20.6 

6.18 

21.4 

6.11 
21.0 

4.84 

16.8 
8.16 

17.6 
8.40 

18.4 
8.84 

10.2 

8.87 

20.0 

6.11 
20.8 

6.84 
21.6 

8.88 
22.4 

8.81 
23.2 

7.08 
24.0 

22.01 

8.80 

23.5 

8.tt 

18.5 
8.88 

10.3 
8.88 

20.2 

6.17 
21.0 

6.tt 
21.8 

8.66 
22.7 

8.80 
28.5 

1.18 
24.4 

7.40 

25.2 

7.64 

26.0 

8.78 
23.1 

1.10 
24.1 

1.40 
25.2 

7.71 

26.2 

8.08 

27.2 

7.84 

24.6 
7.87 

25.8 
7.80 

26.9 

8.11 

28.0 
8.88 

20.1 

8.88 

30.2 

8.88 

20.3 
8.14 

21.2 

8.48 

22.1 
8.78 

23.0 
7.81 

23.0 
1.18 

24.7 
7.84 

25.6 

7.78 
26.5 

8.08 
27.4 

8.81 
28.3 

8.88 

20.2 

8.10 
27.6 
8.46 

28.8 

8.81 

30.0 
8.18 
31.2 
8.61 
32.4 
8.87 
33.6 
10.1 
34.8 

6.68 

22.4 

8.88 

23.3 

7.18 
24.3 

7.40 
25.2 

7.88 
26.1 

7.06 
27.1 

8.88 

28.0 

8.80 
28.0 

8.77 
20.8 

8.08 
30.8 

8.81 
31.7 

8.60 

32.6 

7.18 
24.7 

1.88 
25.7 

7.88 
26.7 

8.11 
27.6 

8.41 
28.7 

8.70 
20.6 

8.88 
30.6 

8.18 
31.6 

8.87 
32.6 

8.86 
33.5 

10.1 

34.5 
10.4 
35.5 

10.7 

36.5 

8.M 

32.3 
8.81 
33.6 
10.1 
34.9 
10.6 
36.2 
11.0 
37.5 

11.4 
38.8 
11.8 
40.0 

18.1 

41.3 

8.88 

18.0 
8.78 

10.6 
8.87 

20.3 

8.17 
21.0 

8.87 
21.7 

8.88 
22.4 

8.T8 
23.1 

8.88 
23.8 

7.18 
24.5 

7.40 
25.2 

1.80 
25.0 

1.81 
26.6 

8.01 
27.3 

8.88 

28.3 
8.64 

20.4 
8.88 

30.4 

8.18 

31.5 
8.68 

32.5 
8.87 
33.6 
10.8 
34.6 
10.8 
35.6 

10.8 
86.7 
11.1 
37.8 
11.4 
38.8 
11.1 
38.0 

U.O 

40.0 

8.01 
20.4 
8.11 

21.2 

8.44 

21.0 
8.88 

22.6 
6.87 

23.4 
7.08 

24.1 
7.80 

24.8 

7.81 
25.6 

1.74 
26.3 

1.88 
27.0 

8.16 
27.8 

8.87 
28.5 

8.11 

31.3 
8.68 

32.5 

8.87 
33.6 
10.1 
34.7 
10.8 
35.8 
10.8 
36.9 
11.1 
38.0 

11.6 
39.2 
11.8 
40.3 
11.1 
41.4 
11.8 
42.5 
11.8 
43.6 

1% 

6.61 

22.2 

874 

22.0  1 
8.86 

23.6 
7.18 

24.4 
7.40 

25.2 
7.81 

25.0 

7.88 

26.7 
8.08 

27.5 
8.80 

28.2 
8.M 

20.1 
8.78 

20.7 

10.6 
36.0 
10.8 
37.2 
11.8 
38.4 
11.8 
39.5 
U.O 
40.7 

11.8 

41.0 
11.1 
43.2 
18.0 
44.4 
18.4 
45.6 
18.7 
46.8 

7.18 

24.8 
7.81 

25.6 
7.78 

26.4 
7.88 
27.2 

8.11 

28.0 

8.46 
28.8 

8.88 
20.6 

8.88 
30.4 

8.18 
31.2 

7.88 
26.8 

8.14 
27.7 

8.88 
28.5 

8.68 

20.4 

8.88 
30.2 

8.18 
31.1 

8.88 
31.0 

8.M 
32.7 

11.8 

42.6 
11.8 

43.9 

18.8 
45.2 
18.7 
46.5 
14.0 
47.8 
14.4 
49.1 
14.8 
50.4 

8  88 

30.0 

.8.08 
30.0 
8.88 

31.8 
8.60 

32.7 
8.88 

33.6 
10.1 
34.5 

8.88 

33.6 
10.1 
34.5 
10.4 
35.5 
10.7 
36.4 

11.0 
37.5 
11.8 

38.5 

15 
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Table  10 


Core  diam.  (iDches) 


Areas  and  Weiqhts  op  He-i^r.  Wirb  Spirals 
Areas  of  Equivalent  Cylinders  in  Square  Inches  Given  in  Heavy  Figures 
Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Pitch  of  Spiral  in  Inches 


2K" 


2H" 


2H" 


2W 


2H" 


2>i 


yit 


2H" 


IK" 


i^i" 


IH' 


IH 


II 


20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 


8.81 

17.7 
8.48 

18.6 

8.73 
19.5 


8.88 

20.4 
8. 88 

21.2 

8.81 

22.1 

8.77 
23.0 

7.08 
23.9 

7.19 
24.8 

7.88 
25.7 

7.81 
26.6 

8.08 
27.4 

8.38 
28.3 

8.68 

29.2 


8.84 

30.1 

9.10 
30.9 
9.88 

31.9 
9.88 

32.7 

9.90 
33.6 
10 .8 
34.5 


6 
18 

8 
19 

8 
20 

8 

2r 

8, 
22 

8, 
23 

7 
24 

7 
24 

7 
25 

7 
26 

8 

27 

8 

28 

8 
29 

8 

30 

9 
31 


.48 

.5 
.70 

.4 

.97 

.3 

.88 

.2 


79 

1 

08 

0 

88 

4 

80 

8 


8 

14 

7 

41 

6 

8) 

5 

97 

4 

88 

3 


8 

19 

8 
20 

8 
21 

8 
22 

8 


88 

3 
98 

3 


3 
88 

2 
81 


23.2 


7 

24 

7 
25 

7 
26 

7 
27 

8 
28 

8 
28 

8 
29 

9 
30 

9 
31 

9 
32 


.101 

.2 

.89 

.1 

.87 

.1 

.96 

.0 

.84 

.0 

.88 

.9 
.80 
.9 
09 
.9 
.37 
.9 
.81 
.8 


.-.J 

8.84 

20.2  1 

21  .2 

8.90 

8.84 

8.88 

21.2 

22.3 
8.88 

23.5 

8.88 

7.83 

22.2 

23.4 

24.6 

8.84 

7.18 

7.88 

23.2 

24.4 

25.7 

7.14 

7.60 

7.89 

24.2 

25.5 

26.8 

7.44 

7.81 

8.88 

25.2 

26.6 
8  IS 

28.0 
8.88 

7.74 

26.3 

27.6 

29.1 
8.88 

8.08 

8.48 

27.3 

28.6 

30.2 

8.88 

8.74 

9.80 

28  3 

29.7 
9.08 

31.3 

8.88 

9.88 

29.3 

30.8 

32.4 

8.98 

9.37 

9.88 

30.3 

31.8 

33.5 

9.88 

9.88 

10.8 

31.3 

32.7 

34.6 

9.68 

10.0 

10.8 

32.3 

33.9 

35.8 

9.88 

10.8 

10.8 

33.3 

35.0 

36.9 

10.1 

10.8 

11.8 

34.3 

36.0 

38.0 

10.4 

10.9 

11.8 

35.3 

37.1 

39.1 

10.7 

11.8 

11.8 

36.4 

38.2 

40.3 

11.0 

11.8 

18.8 

37.4 

39.2 

41.4 

11.8 

11.9 

18.8 

38.4 

40.3 
18.8 

42.5 
18.8 

11.8 

39.4 

41.4 

43.6 

1% 

7.88 

26.0 


7.99 

27.2 
8.84 

28.3 


8 

29 

9 
30 

9 
31 

9 
33 

10 

34 


.89 

.5 

.08 

.7 

.89 

.9 

.78 

.0 

.1 
.3 


8.48 

28  7 


8.88 

29.9 


10.4 
35.4 
10.8 
36.6 
11.1 
37.8 
11.4 
39.0 
11.8 
40.2 


9 
31 

9 
32 

9 
33 
10 
34 
10 
36 


SO 

2 

87 

4 

98 

7 

8 

9 

8 

2 


11.0 

37.4 

11.4 

38.7 


IS 

41 
18 

42 

IS 

43 

18 

44.9 

18.8 

46  0 


.1 
.4 

.8 
.5 

.8 
.7 

.8 


11.8 
39.9 
IS.l 
41.1 
IS. 8 
42.4 

IS  .8 
43.6 
18.8 
44.9 
18.8 
46.1 
14.0 
47.4 
14.8 
48.6 


9.87 

31.9 


9 
33 
10 
34 
10 
35 
10 
37 
11 
38 


.761 

.2 

.1 

.6 

.8 

.8 

.9 

.2 

.8 

.5 


10.4 
35.4 

10.8 

36.8 


11.7 
39  8 
18.1 
41.2 
IS. 8 
42.5 

18  9 

43.8 


13.8 

45.2 

18.7 
46.5 
14.1 
47.8 
14.4 
49.2 
14.8 
50.5 
18.8 
51.8 


US 
38.2 
11.7 
39.6 
11.1 
41.1 

18.8 

42.4 
11.9 

43.9 

18.8 

45. 

18. 

46. 

14. 

48.2 


14.8 

49.6 


18.0 


18.4 
52.4 
18.8 
53.8 
18.8 


18.0 

40.9 

11.6 

42.5 


-. 


11.8  18 

44  .0  47 


18 
45 
18 
47 
14 
48 
14 
50 
18 
51 


4il4.4 
49.0 


18.8 

53.1 
18.1 


51.0  54.7 


18.8 

56.2 


18.9 
57.7 
17.4 
55.2159.2 


14.9 

50.5 
18.4 

52.2 
18.8 
53.8 
18.8 
55.4 

18.8 

67.1 
17.8 
58.8 
17.8 
60.4 
18.8 
62.0 

18.7 

63.6 


2% 


U.8 

61.9 
U.7 
63.7 
19.8 
65.5 
19.8 
67.3 
SO. 3 
69.0 

l\% 


Spirals  above  and  to  right  of  sigsag  lines  are  nearest  commercial  sise  fully  equal  to  percentage  of  core  area  indi- 
cated at  end  of  line. 

Weights  in  above  table  include  the  wire  only.  To  this  must  be  added  the  weights  of  the  spacing  bars  and  the 
weight  of  the  extra  turn  at  endn  of  spiral. 
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Table  11. — Arbas  op  Cibcusb 


Diwn. 

J^ 

Diui 

Aram 

Diun. 

An* 

DUm. 

ATM 

DUm. 

Ank 

BU. 

*« 

10 

78  .S 

15 

17B.7 

30 

314.2 

3fi 

400.3 

30 

706  0 

36 

062  1 

OS  0 

101. 1 

28 

36 

1017,0 

237  0 

32 

380  1 

672,8 

32 

804.2 

37 

1075.3 

13 

133,7 

18 

IMS 

33 

415  6 

28 

8IB.8 

33 

" 

163.0 

1« 

3fta.s 

H 

463.4 

ZO 

660,6 

34 

907.0 

39 

11»4,8 

BBAIUNG  PLATES  ARD  BASES  FOR  BEAMS,  OIRCERS,  AIO)  COLVHHS 

Br  Cltdk  T.  Mobrib 

M.  Allowable  Bearinf  PietnirsB. — Where  be»me,  giniera,  or  colui 
w»Us  or  footing,  the  bearing  &re&  must  be  made  mifficient  so  that  the  masonry  will  not  be 
overBtresaed.  The  followiog  table  gives  safe  bearing  values  in  pounda  per  square  inch  for  dif- 
ferent IdodB  of  masonry: 


Krvt-fdaaa  cranile  ausooiy 

nnt-diH  Boaenie,  1-3-4  mix,., 
yirmt-datB  UmotoDfl  nuAonfy. , , 
Flnt-clnaa  aiuidBtiHHi  mHontr, , 

Hard-bur 


»00  J  ^    I    ..^X^ 


nek  work,  a 


Pia.  103, 


100.  Simple  Bearing  Plates. — For  ordinary  loads,  sufficient  l>earing  can  usually  be  secured 
by  placing  a  plate  from  ^  to  1  in.  tliick  under  the  end  of  the  beam  or  girder,  as  shown  in  Fig. 
102.  The  portion  "a"  of  the  plate  which  projects  beyond  the  edge  of  the  beam,  will  deflect 
upward  under  the  load  so  that  the  pressure  on  the  masonry  will  decrease  from  the  edge  of 
the  beam  outward  as  shown  by  the  shaded  area.  For  steel  plates  with  the  usual  mortar  bearing, 
the  distance  "a"  beyond  which  there  will  be  little  of  no  pressure  on  the  masonry,  will  not 
exceed  3  or  4  times  the  thickness  of  the  plate.  (This  may  be  readily  calculated  from  the  da- 
flection  formula  and  the  modulus  of  elasticity  of  the  masonry.)  Assuming  a  =  4(  as  the 
effective  projection,  the  maximum  unit 
presBuie  on  the  masonry  will  be 

A  -then 

6  —  the  width  of  the  flange  of  the  beam, 
1  —  the  thickness  of  the  plate. 
I  -^  the  length  of  the  bearing. 
If  the  width  of  the  bearing  plate  is  less  than  {b  +  St),  the  dcnomiiuitor  of  equation  (1) 
must  be  reduced  accordingly.     If  the  maximum  allowable  pressure  on  the  masonry  is  not 
exceeded,  the  fiber  stress  in  the  steel  plate  will  be  well  within  allowable  limits. 

If  the  length  of  bearing  "I"  is  restricted  and  a  greater  width  than  (6  -]-  81)  is  necessaiy, 
stiffening  brackets  must  be  placed  on  the  end  of  the  girder,  or  a  cast-iron  subbase  may  be  used. 
If  the  bearing  plate  is  stiffened,  as  shown  in  Fig.  103(6),  or  a  cast  base  having  stiffening  webs  is 
used,  the  pressure  on  the  masonry  may  be  assumed  to  be  uniform  over  the  entire  bearing 
area.  The  stiffening  brackets  should  have  enough  rivets  to  carry  the  entire  load  on  the  portions 
of  the  bearii^  plate  projecting  beyond  the  edges  of  the  flange. 


I 

l\ 

1 

m 

I 

w 
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Bearing  plates  for  columnfl  are  calculated  in  an  exactly  similar  manner  and  may  be  stif- 
fened as  shown  in  Figs.  98  and  103.  The  thickness  **t"  in  equation  (1)  may  be  taken  as  the 
thickness  of  the  base  plate  plus  the  thickness  of  the  shoe  angle.  Bases  for  wooden  columns 
are  treated  in  Art.  OS, 

101.  Cast  Bases. — If  a  cast  base  is  used  (Figs.  103a  and  98a),  the  weak  section  will  be  at 
the  edge  of  the  upper  bearing  plate  of  the  casting,  and  the  vertical  webs  and  lower  plate  must  be 
strong  enough  to  carry  the  load  on  the  projecting  portions  **a"  (see  Fig.  103a).  The  maximum 
extreme  fiber  stress  on  the  cast  iron  should  not  exceed  about  2500  to  3000  lb.  per  sq.  in.  in 
tension,  or  10,000  to  12,000  lb.  per  sq.  in.  in  compression. 

nittStratiTO  Problem. — Design  a  cast-iron  base  to  support  the  end  of  a  girder  whose  reaetioa  is  120,000  lb.  and 
the  length  of  the  bearing 'T'  is  limited  to  12  in.  Assume  the  bearing  to  be  on  a  concrete  wall  having  an  aUowable 
bearing  value  of  400  lb.  per  sq.  in. 

•D       •  -J  u      •  120,000       -_- 

Required  bearing  area  —  — 7oo~  "■  300  sq.  m. 

Required  width  of  casting  i<-  —  -■  25  in. 

If  b  —  13  in.»  a  —  6  in.,  and  the  load  on  the  portion  "a"  will  be, 

(12)  (6)  (400)  -  28.8001b. 
The  moment  at  the  edge  of  the  upper  bearing  plate  of  the  casting  will  be 

Af  -  (28,800)  (3)  -  86,400  in.-Ib. 

The  section  at  this  point  is  shown  in  Fig.  103(c). 

Assuming  the  metal  to  be  H  in«  thick,  the  required  depth  "d"  may  be  found  by  trial  as  follows. 
Try  d  ■■  4K  uIm  then  I  "  17.36.  c  —  1.08  in.  to  bottom  (tens,  side) 

c  "  2.02  in.  to  top  (comp.  side). 

-       Mc        (86.400) (1.08)        ««-« «  ,       * 

/  -  -^  -  ^ 7^-^5 ■■  *370  lb.  per  sq.  in.,  tension 


17.36 
(86,400)  (2.92) 
17.36 


■■  14,530  lb.  per  sq.  in.,  compression. 


As  theee  unit  stresses  are  excessive,  either  the  metal  must  be  made  thicker  or  the  depth  **c{'*  greater. 
Try  d  -  6H  i^'i  then  I  »  56.30.  e  -  1.775  in.  to  bottom  (tens,  side) 

c  -"  4.225  in.  to  top  (comp.  side) 
Me       (86,400)(1.775) 


f-=r- 


56.30 

(86,400)(4.225) 

56.30 


■■  2720  lb.  per  sq.  in.,  tension 

-"  6480  lb.  per  sq.  in.,  compression. 


Fia.  104. 


lliflee  fiber  streBses  are  within  safe  limits,  so  the  depth  of  the  casting  may  be  made  6^  in. 

102.  Expansion  Bearings. — For  steel  girders  and 
trusses  over  30  ft.  in  length,  provision  must  be  made 
for  expansion  and  contraction  due  to  changes  in  tem- 
perature. For  spans  less  than  30  ft.  there  will  usually 
be  sufficient  play  in  the  anchorages  to  allow  for  the 
movement. 

For  spans .  between  30  to  100  ft.,  provision  for  ex- 
pansion should  be  made  by  providing  two  bearing 
plates  at  one  end  of  the  girder,  as  shown  in  Fig.  103(6), 
one  riveted  to  the  girder  and  the  other  one  anchored  to 
the  masonry.  The  anchor  bolt  holes  in  the  upper  plate  which  is  riveted  to  the  girder  should 
be  slotted  to  provide  for  the  necessary  movement  due  to  temperature  changes.  The  extreme 
movement  will  be  about  1  in.  for  each  80  ft.  of  span.  If  the  bearing  area  exceeds  about  120 
sq.  in.,  the  sliding  surfaces  should  be  planed. 

For  spans  exceeding  1(X)  ft.,  nests  of  turned  rollers  should  be  placed  between  the  bearing 
plates  at  the  movable  end  of  the  span.  These  roller  bearings  should  be  so  arranged  that  they 
can  be  readily  cleaned  and  so  that  they  will  not  collect  dirt  and  moisture.  The  bearing  pressure 
on  the  rollers  should  not  exceed  GOOD  per  lin.  in.  of  roller,  where  D  «  diameter  of  roller  in  inches. 
Fig.  104  shows  a  design  for  a  roller  bearing. 

103.  Hinged  Bolsters. — For  spans  exceeding  1(X)  ft.,  hinged  bolsters  should  be  provided 
at  each  end.    These  bolsters  may  be  either  cast  or  built  up  of  plates  and  shapes. 
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The  pin  should  be  turned  and  the  pin  hole  bored  to  a  diameter  not  more  than  H2  in* 
greater  than  the  diameter  of  the  pin.  Tlie  bearing  area  on  the  pin  (diam.  of  pin  X  thickness 
of  bearing)  should  be  sufficient  so  that  the  unit  pressure  does  not  exceed  24,000  lb.  per  sq.  in., 
and  the  maximum  fiber  stress  on  the  pin  due  to  bending  should  not  exceed  24,000  lb.  per  sq.  in. 
The  unit  shearing  stress  should  not  exceed  10,000  lb.  per  sq.  in.  Fig.  104  shows  such  a 
hinged  bolster. 

104.  Anchors. — ^The  ends  of  beams  and  girders 
should  be  anchored  to  their  support  with  bolts  securely 
fastened  into  the  masonry.  Anchor  bolts  for  columns 
should  be  designed  to  resist  1J4  times  the  bending 
moment  at  the  base  of  the  column  and  should  engage  a 
sufficent  weight  of  masonry  to  withstand  this  moment 
and  also  1)4  times  the  calculated  uplift  (if  any)  on  the 
column  due  to  wind.  Such  an  anchorage  is  shown  in 
Fig.  105. 

For  simple  I-beams  built  into  walls,  the  anchor 
bolts  are  frequently  put  through  the  web  of  the  beam,  or  small  angles  are  riveted  to  the  end  of 
the  web  to  provide  the  necessary  anchorage.  Fig.  105  shows  several  forms  of  anchor  bolts. 
The  position  of  anchor  bolts  is  also  shown  in  Figs.  08,  102,  103,  and  104. 


isr^^r 


BuUt  In  anchors 
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TENSION  MEMBERS 
By  Clyde  T,  Morris 

106.  Rods  and  Bars. — The  simplest  form  of  tension  member  is  the  roimd  or  square  rod 
with  threads  and  nuts  on  the  ends.  Fig.  106  shows  details  of  the  end  connections  of  several 
such  members. 

In  designing  such  a  member  the  required  area  is  obtained  by  dividing  the  total  stress  by 
the  allowable  unit  stress.  The  least  area  of  cross  section  of  the  member  must  be  equal  to  or 
exceed  this  required  area. 
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The  least  sectional  area  of  a  plain  roimd  rod  with  threads  cut  on  the  ends  will  be  at 
the  root  of  the  threads.  If  the  rod  is  long,  the  ends  should  be  upset,  that  is,  increased  in  diame- 
ter, so  that  the  area  at  the  root  of  the  threads  will  be  greater  than  the  area  of  the  body  of  the  bar; 
but  if  the  member  is  short,  the  cost  of  upsetting  may  be  greater  than  the  saving  in  material,  in 
which  case  the  bar  may  be  made  of  sufficient  size  for  the  entire  length  to  allow  for  the  cutting 
of  the  threads. 

Tables  of  standard  upsets  and  areas  at  the  root  of  threads  are  given  in  the  steel  handbooks 
(see  also  Table  156,  p.  238). 

Plain  loops  for  connection  to  pins  are  made  by  bending  the  rod  aroimd  a  pin  of  the  required 
diameter  and  welding  the  end  to  the  main  bar.  Forked  loops  are  also  sometimes  used  The 
forked  loop  is  welded  to  the  main  bar  and  should  have  a  total  cross  section  through  the  eye  at 
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least  fiO%  in  exoesa  of  that  of  the  mun  bar.  The  forked  loop  ia  not  so  reliable  aa  a  plun 
loop  because  it  depends  entirely  upon  the  weld  for  iteconuection.  Tables  of  atandard  loop 
bars  ore  given  in  the  handbooka  of  the  various  steel  companiea. 

f^.  107  ahowH  various  end  connections  for  tension  members  composed  of  rods  and  ban. 

i06.  Hlveted  Tension  Members. — In  riveted  structures  the  tension  members  are  usually 
made  of  rolled  shapes  built  intofonna  which  have  considerableatifTnesa.  Although  theoretically 
there  may  be  no  compressive  or  bending  stresses  in  these  membeis,  the  structure  will  be  stiffened 
and  vibrations  considerably  reduced  if  the  tension  members  are  made  of  a  form  capable  of 
resisting  compression. 

Fig.  108  shows  cross  sections  of  various  forma  of  riveted  tension  members.  The  COflt  of 
fabrication  of  these  types  will  vary  roi^hly  with  the  number  of  hnes  of  holes  that  have  to  be 
punched  and  the  number  of  lines  of  rivets  that  have  to  be  driven. 


T 


H  □  1-4 

at  fc)       J    60    ^ 


Via.  108.  Pis.  V». 

Sngle  angles  are  sometimes  used  for  tension  membera  of  light  riveted  trusses,  but  thia 
practice  is  not  good  as  it  forms  an  unsymmetrical  member  and  eccentric  end  connections  are 
unavoidable. 

Unless  absolutely  necessary,  unsymmetrical  cross  sections  should  not  be  used.  When 
unsymmetrical  sectiona  are  used,  the  eccentric  momenta  should  be  calculated  and  the  resultant 
unit  stresses,  figured  as  shown  in  Sect.  1,  Art.  101,  should  not  exceed  the  allowable  units  specified. 

It  is  Iropoasibte  to  so  design  a  riveted  tension  member  that  the  entire  cross  section  of  the 
body  of  the  member  is  available  for  tension  area,  on  account  of  the  necessity  of  punching  holes 
for  the  rivets.  This  of  couise  reduces  the  effective  net  area.  This  may  be  illustrated  by  the 
aolution  of  a  problem. 

IIIiMtntiT«  Problam,— Us.  109  ihowi  ■  ipIiM  in  >  plata  urryiQI  tooBioii.  ao  deslinsd  that  ■  maiiiiium  of  Ui« 
troM  laetioa  of  tha  plata  ia  available  (or  nat  teuion  ares.     Aaaume  tha  faI1o«in(  daU: 

Allawed  tcnaion  unit  atnsa 16,000  lb.  per  »q.  in. 

Allowed  abear  oo  riveta 12,000  lb,  per  »q.  in. 

Allowed  bearinc  on  riieta 24,000  lb.  per  aq.  in. 

Total  Btnaa  to  ba  oarrisd. , M.OOO  lb. 

Hm  number  el  rivctaiwiiiind  will  in  tbiioaaabedatennined  by  tliebearina  value  □[■rivet  on  the  12  X  H-ia. 

.  .  M.OOO 
"'"-MM    "'"■ 
.]  The  required  net  area  of  the  12  X  H-ia.  plateat  the  firatline  ofriveta  <AA),  la 


%:^P:3 


plate.     ThU  ii  0T50  lb.    The  total  number  of  ri 
94.000 


••^ite^        ..  ..    M'lW)  -  *."  "q.  in.     (The  cUameter  of  tbe  bole  ii 


,ble  Det  area  on  line  AA  i>  (12KM)  -  (K  + 

, >a.  in.     (Tbe  cU. 

&  laiier  UiaD  the  i 

At  the  leuind  line  of  riveta  (.BB),  the  itreaa  in  the  main  plate  haa  been  re- 

iaOBltKt  (.M.OOO)  -  67,600  lb.     The  required  not  area  <>[  the  12  X  K -in.  plate 

*  is  Ll|^xLl,I  on  the  line  BB  -  f^^^  -  3.60  aq.   In.     The  available  net  area  -  (I2)(«) 

-2(M  +>i)(H)  -'3.8*  .q.  in. 

Fia.  110.  Id  like  manner  tbe  available  net  eeetiou  at  each  line  ot  riveta  will  be  found 

ta  be  in  eioen  ol  that  required. 

The  apliee  platea  muat  ba  made  thick  enoufh  lo  that  the  net  'eotion  on  the  lait  line  of  riveta  DK.  ia  auSsient 

bi  eaury  the  entire  etregg  [  -  4.12>q.  in.}.     The  net  width  of  the  eplieeplaUn  at  thie  paint  ie  12-  (A)iH)-  i-bin. 

Therefore  tbe  required  thieknm  of  the  two  upliee  platea  i«  ~  -  0,49  In.     Uae  two  aptioe  pUtaa  12  X  >i.     Tola) 
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The  distanoe  betw«en  the  Buooeflsive  rows  of  rirets  must  be  guffioient  so  that  the  net  section  on  a  li^-iac  line, 
such  aa  DBFGHIJK,  is  greater  than  the  square  section  KD. 

In  members  composed  of  shapes  the  net  section  is  figured  by  considering  the  shape  to  be 
straishtened  out  like  a  plate  and  ciJculating  the  net  areas  on  the  various  possible  rupture  sections 
to  find  the  least  net  area.  Fig.  110  shows  two  angles  so  developed  and  the  possible  rupture 
sections. 

In  designing  the  end  connections  of  riveted  tension  members  the  rivets  should  be  so  ar- 
ranged that  the  maximum  possible  net  section  is  available  at  the  beginning  of  the  connection 
where  the  stress  is  carried  entirely  by  the  main  section.  This  was  illustrated  in  the  design  of  the 
splice  in  Fig.  109. 

A  riveted  tension  member  in  a  horizontal  or  inclined  position  should  have  sufficient  stiffness 
to  prevent  sagging  between  connections.  The  unit  stresses  in  such  a  member  caused  by  bend- 
ing due  to  its  own  weight,  are  calculated  in  Sect.  1,  Art.  101. 

When  a  tension  member  is  composed  of  two  or  more  parallel  ^^^ 

elements  as  shown  in  Fig.  Ill,  these  should  be  connected 
together  throughout  their  length  to  form  a  unit,  similar  to  a 
compression  member.  The  distance  between  such  successive 
stays  should  not  be  great  enough  so  that  the  ratio  of  imsup- 
ported  length  to  least  width  of  the  individual  parts  is  as  great  ^^ 

as  that  of  the  member  as  a  whole. 

107.     Wooden     Tension     Members. — Wooden    tension 


members  are  not  extensively  used  except  for  the  bottom  chords       srf^  or^avB/ahs 

of  wooden  trusses.    On  account  of  the  low  shearing  resistance  - 

of  wood  along  the  grain,  the  greatest  difficulty  is  encountered 

in  transmitting  the  stresses  from  the  other  truss  members  to  the  bottom  chord  near  its  end, 

and  in  splicing  the  chord  where  the  span  is  too  great  to  make  it  possible  to  get  the  timbers  in 

full  lengths. 

These  bottom  chords  are  frequently  made  up  of  several  leaves  from  2  to  6  in.  thick  and  8 
to  14  in.  deep.  Due  to  the  necessity  of  notching  into  the  timbers  to  obtain  bearing  for  the  ends 
of  other  members  and  for  splice  plates,  and  to  the  large  number  of  holes  necessary  for  bolting 
the  pieces  together,  the  effective  net  section  cannot  be  a  very  large  proportion  of  the  gross  area 
of  cross  section. 

For  design  of  tension  splices,  see  Art.  119. 

SPLICES  Ain>  CONNECTIONS— WOODEN  MEMBERS 

Bt  Henrt  D.  Dewell 

108.  Nails. — Wire  naih  are  usually  of  steel,  of  circular  cross  section  without  taper,  and 
with  a  head  and  point.  In  size  they  are  designated  as  &-D  (8  penny),  10-D  (10  penny),  etc., 
and,  in  class,  as  common,  finishing,  casing,  barbed  roofing,  shingle,  fine,  cement  coated,  etc. 

Cut  naila  are  of  steel  or  iron,  with  a  rectangular  cross  section,  and  taper  from  head  to  point, 
the  latter  being  cut  square,  i.e.,  not  pointed.     The  sises  are  designated  as  for  wire  nails. 

Spikes  designate  the  larger  sizes  of  nails. 

The  sizes  of  nails  and  spikes  are  given  in  Tables  1  to  9  inclusive.  For  quantity  of  nails 
required  in  timber  construction,  see  Table  10. 

Boat  spikes  are  employed  in  heavy  timber  construction.  They  are  made  from  square  bars 
of  steel  or  wrought  iron,  have  a  forged  head  and  a  wedge-shaped  point.  The  common  sizes 
and  weights  are  given  in  Table  11. 

109.  Screws. — Screws  may  be  classified  as  (1)  common  wood  screws,  and  (2)  lag,  or  coach 
screws. 

Wood  screws  have  slotted  heads;  the  shank  is  smooth  for  a  portion  of  its  length  adjacent 
to  the  head,  the  remainder  of  the  length  being  threaded,  and  tapering  to  a  point.     Wood  screws 
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are  usually  of  steel,  but  are  made  also  of  bronze  and  brass.  The  ordinary  wood  screw  has  a 
flat  head,  but  screws  are  also  made  with  round  heads.  Wood  screws  are  designated  by  gage 
and  length.  Given  the  gage  number,  the  diameter  of  the  smooth  shank  may  be  found  from  the 
formula 

d  =  0.0578  +  OMSIQG 

where  d  =  diameter  in  inches,  and  G  »  gage  number  of  screw.  Table  12  gives  the  length  and 
gage  numbers  of  wood  screws,  flat  head,  bright  steel. 

Lag  screws  are  of  heavier  stock  than  the  common  wood  screws  and  have  a  square  head  with- 
out slot.    Table  13  gives  the  si^es,  lengths,  and  weights  of  lag  screws. 

lie.  Bolts. — Bolts,  in  timber  construction,  may  be  divided  into  two  classes,  (1)  common, 
ordinary f  or  machine  hoUs,  and  (2)  drift  hoUs, 

Machine  boUs  are  of  steel  or  wrought  iron,  of  circular  cross  section  without  taper,  having  a 
square  head  upset  on  one  end,  and  the  other  end  threaded  to  receive  a  nut.  The  length  of  a 
bolt  is  the  length  from  underside  or  inside  of  head  to  end  of  thread.  Nuts  are  usually  square 
imless  otherwise  ordered,  but  hexagonal  nuts  may  be  obtained  where  desired.  Table  14  gives 
the  weights  of  100  machine  bolts  with  square  heads  and  nuts.  Table  15a  gives  the  values  in 
tension  of  bolts  at  various  stresses,  based  on  the  areas  of  the  bolts  at  the  root  of  thread.  Table 
15b  gives  the  strength  of  round  rods  with  upset  ends. 

111.  Lateral  Resistance  of  Nails,  Screws  and  Bolts. — When  spikes,  screws  and  bolts  are 
subjected  to  lateral  forces  in  a  timber  joint,  shearing  and  bending  stresses  are  produced  in  the 
spikes,  screws,  or  bolts,  and  the  timber  in  contact  with  the  metal  is  subjected  to  pressure.  In 
timber  construction,  joints  of  thb  nature  are  of  common  occurrence,  and  it  is  necessary  to  have 
safe  working  values  for  such  details.  The  factors  entering  into  a  theoretical  consideration  of 
the  stresses  produced  in  such  a  joint  are  many  and  complex,  and  in  the  determination  of  safe 
working  values,  recourse  must  be  had  to  the  results  of  tests. 

In  the  case  of  nails  and  screws  a  theoretical  analysis  of  the  stresses  is  not  practicaL 
Tests^  have  established  fairly  definitely  the  ultimate  strength  and  elastic  limits  of  such  joints. 


Table  1. — Wire  Nails — Ck)MMON 


SiM 

Lenicih 

Oage 

Diameter 

Approximate 

(inches) 

(number) 

(inoiies) 

number  t  o  pound 

2d 

1 

16 

0.072 

876 

8d 

IH 

14 

0.083 

568 

4d 

IH 

12H 

0.102 

316 

6d 

IH 

12H 

0.102 

271 

6d 

2 

IIH 

0.115 

181 

7d 

2H 

UH 

0.115 

161 

8d 

2H 

lOH 

0.124 

106 

lOd 

3 

9 

0.148 

69 

12d 

3M 

9 

0.148 

63 

16d 

3H 

8 

0.1^ 

49 

20d 

4 

6 

0.203 

31 

30d 

4H 

5 

0.220 

24 

40d 

A 

4 

0.238 

18 

50d 

5H 

3 

0.259 

14 

60d 

6 

2 

0.284 

11 

i  Tests  for  nails:  Walker  and  Croes,  Jour.  Assn.  Ens.  Soo.,  vol.  19,  Dec.  1897;  Darrow  and  Buchanan,  Proe. 
Ind.  Eng.  Soo.,  1900;  Morgan  and  Mariah,  Eng.  Exp.  Sta.,  Iowa  State  College,  BuL  No.  2;  Tests  made  for  Bureau 
of  Buildings.  Portland,  Ore.,  Eng.  Nevt-Rec.,  vol.  79,  Na  19,  Nov.  8,  1917,  also  vol.  79,  No.  26,  Deo.  27,  1917;  also 
*'  The  r»m6erman,"  Portland,  Ore.,  vol.  18,  No.  12,  Oct.,  1917;  '*Teets  Made  to  Determine  Lateral  Resistance  of 
Wire  Nails,*'  Thomas  R.  C.  Wilson,  Sng.  Newe-Rec,  vol.  76,  No.  8,  Feb.  14,  1917;  Jacob/s  "Structural  Details;'* 
Dewell's  "Timber  Framing." 
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Table  2. — Wirb  Nails — Finishing 


8iM 

Length 

Gage 

ApprozimAte 

(inohes) 

(number) 

number  to  pound 

2d 

1 

16H 

1351 

3d 

m 

15H 

807 

4d 

IH 

15 

584 

5d 

IH 

15 

500 

Od 

2 

13H 

300 

7d 

2H 

13 

238 

8d 

2H 

12H 

180 

lOd 

8 

llH 

121 

12d 

3H 

llH 

113 

16d 

8H 

11 

00 

aod 

4 

10 

62 

Table  3. — Wire  Nails — Casino 


« 

Sise 

Length 

Gage 

Approximate 

(inohee) 

(number) 

.'lumber  to  pound 

2d 

1 

15H 

1010 

3d 

m 

14K 

635 

4d 

IH 

14 

473 

5d 

IH 

14 

407 

6d 

2 

12H 

236 

7d 

2K 

12H 

210 

8d 

2H 

llH 

145 

lOd 

3 

lOH 

94 

12d 

3K 

lOH 

87 

16d 

3H 

10 

71 

20d 

4 

9 

52 

30d 

4H 

0 

46 

40d 

5 

8 

35 

Table  4. — Wire  Nails — Fine 


SiM 

Length 
(inohes) 

Gage 
(number) 

Approximate 
number  to  pound 

2d 

3d 

1 

IH 

16H 
15 

1351 
778 

Table  5. — Wire  Nails — Shingle 


Siie 

Length 
(inohes) 

Gage 
(number) 

Approximate 
number  to  pound 

3d 
4d 

IK 
IH 

13 
12 

429 
274 
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Table  6. — Wire  Nails — ^Barbed  Roofing 


Length 

Qage 

Approximate 

(inohes) 

(number) 

number  to  pound 

H 

12 

548 

H 

12 

469 

H 

13 

613 

H 

14 

811 

1 

12 

411 

1 

13 

536 

1 

14 

710 

2 

9 

103 

Table  7. — ^Wirb  Nails — Felt  Roofing  (Galvanized) 


Length 
(inehes) 

Gage 

(number) 

Diameter  of 
head  (inches) 

Approximate 
number  to  pound 

1 

12 
12 

H 
H 

215 
198 

Table  8. — Wire  Spikes 


Length 

Diameter 

Approximate 

(inohes) 

number  to  pound 

6 

Igase 

8 

7 

He  in. 

7 

8 

H    in. 

6 

9 

H    in. 

5 

10 

H    in. 

4 

12 

H    in. 

3 

Table  9. — Cut  Nails 


Siie 

Length  (inches) 

Siie 

Length  (inches) 

3d 

IH 

12d 

3K 

4d 

IH 

16d 

3H 

5d 

1« 

20d 

4 

6d 

2 

30d 

4H 

7d 

2H 

40d 

5 

8d 

2H 

50d 

5H 

lOd 

3 

OOd 

6 

\ 
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Table  10. — Quantity  op  Nails  Required  for  Timber  Construction 


Sise 
nail 


Naila  in  pounds  for  various  spacing 
of  joists  and  studding 


12 
in. 


16 

in. 


20 

in. 


36 
in. 


48 
in. 


60 
in. 


1000  M.B.M.. 

1000  pes 

1000M.B.M.. 


1001in.ft.. 
1 
1 


Joists,  frame  building. . . .'.  . . 

Joists,  brick  building 

Bridging,  1  X  4 

Bridging,  2X4 

Studding 

Studding 

Sheathing.  1  X  8 

Flooring.  1  X  4 

Flooring,  1  X  4 

Flooring,  1  X  6 

Flooring,  1X6 

Planking.  3  X  6,  2  natlings. . 
Flanking,  3  X  8,  2  nailings. . 
Planking,  3  X  10,  2  nailings. 
Planking,  3  X  12,  3  nailings. 
Planking,  2  X  6,  2  nailings. . 
Planking.  2  X  10.  2  nailings. 

Finishing 

Base 

Door 

Window 


20d   2 

SO    16 

14 

20d    ] 

2    10 

8 

8d 

»  •       ■  •  •  « 

35 

lOd 

•       «  •  ■  « 

50 

20d   ] 

.5        12 

lOd 

6    4 

8d   2 

i6       20 

17 

8d   S 

:6   22 

lOd   4 

[0       32 

8d   1 

.7    13 

11 

lOd   2 

;6   20 

17 

60d 

•       ■  *  •  • 

•  •  • 

51 

40 

60d 

«       >  «  ■  ■ 

■  • 

39 

30 

60d 

■       •  «  •  • 

•  ■ 

31 

24 

60d 

>  •       ■  ■  ■  ■ 

•   B 

39 

30 

20d 

51 

42 

27 

21 

20d 

30 

25 

16 

13 

8d 

20 

8  X  6d 

1 

8  X  6d 

H 

8  X  6d 

H 

34 
26 
20 
26 
18 
11 


Table  11. — Boat  Spikes — (Wrought  Iron) 


Sise 

Average  number 
1001b. 

Sise 

Average  number 
in  100  lb. 

H     X3 

1500 

H     X    7 

325 

3H 

1350 

8 

300 

4 

1187 

9 

263 

4H 

1110 

10 

238 

5 

1025 

He  X  6 

300 

5H 

975 

7 

295 

6 

913 

8 

255 

Me  X4 

680 

9 

200 

4H 

650 

10 

180 

5 

615 

H  X  6 

225 

5H 

605 

7 

188 

6 

588 

8 

168 

H     X5 

470 

9 

150 

6 

400 

10 

138 

12 

120 
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Table  12, — Wood  Scrbws 

(Flat  Head.  Bright  Steel) 


Length 
Gnohee) 

Gage  numbers 

« 

Va 

0 

1 

2 

3 

4 

H 

•0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

H 

•1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

•11 

•12 

H 

•1 

2 

3 

4 

6 

6 

•      7 

8 

9 

10 

11 

12 

H 

•2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

H 

•2 

•3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

1 

•3 

4 

0 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

IK 

•4 

0 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

•20 

IH 

•6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

IH 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

•24 

2 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

18 

20 

•22 

•24 

2K 

6 

7 

8 

9 

10 

U 

12 

13 

14 

•15 

16 

•17 

18 

•20 

•22 

•24 

2H 

8 

9 

10 

11 

12 

13 

14 

•15 

16 

•17 

18 

20 

22 

24 

•2K 

•10 

•11 

•12 

•13 

•14 

•16 

•16 

•17 

•18 

•20 

•22 

•24 

3 

•10 

11 

12 

•13 

14 

15 

16 

•17 

18 

20 

22 

•24 

•26 

3H 

•10 

•11 

•12 

•13 

14 

•15 

16 

•17 

18 

20 

•22 

24 

•26 

4 

12 

14 

16 

18 

20 

22 

24 

•26 

4H 

♦16 

•18 

20 

22 

24 

26 

5 

•18 

20 

•22 

♦24. 

•26 

•28 

•0 

•20 

•22 

•24 

•26 

•28 

•30 

>  SiBes  not  usually  carried  in  stock. 


Tablb  13. — ^Lag  Screws 

(Gimlet  Point.    Square  Head) 


Diameter  (inches) 

Length 
(inches) 

K 

Ms 

H 

H 

H 

H 

H 

Weight  in  pounds  of  100  screws 

2.6 

3.9 

5.1 

10.4 

IH               i 

1.7 

4.0 

6.0 

11.0 

l«              s 

2.8 

4.4 

5.8 

11.7 

2               : 

S.l 

4.8 

6.7 

13.0 

24.0 

2H                  I 

J. 7 

5.6 

8.4 

15.6 

27.2 

39.0 

3                      i 

i.2 

6.5 

9.1 

18.2 

30.5 

45.0 

66.0 

3K 

L8 

7.3 

10.6 

20.6 

33.7 

51.0 

72.0 

4                      [ 

>.4 

8.2 

12.0 

22.9 

37.0 

57.0 

78.0 

4H                   < 

J.O 

9.0 

13.0 

25.8 

40.2 

62.0 

85.0 

5                      i 

J. 6 

9.9 

14.0 

27.5 

43.5 

67.0 

92.0 

5H 

i  •   •   • 

10.8 

15.0 

30.3 

47.0 

72.0 

100.0 

6 

>   ■   •   • 

11.7 

16.0 

32.0 

60.6 

77.0 

107.0 

7 

*  •   ■   • 

•   •   •    •  • 

•     a     ■     ■ 

36.5 

57.8 

87.0 

122.0 

8 

1   •   ■   • 

•   •   •   • 

■     •     •     * 

41.0 

64.7 

97.0 

137.0 

9 

•  •   • 

•   •  •   • 

■     •     •     > 

45.5 

72.0 

107.0 

152.0 

10 

*   •   • 

•   •   •  * 

•     •     •     • 

50.0 

79.2 

117.0 

167.0 

11 

■  •  ■ 

*  •   •   • 

*      *     •      ■ 

54.5 

86.5 

127.0 

180.0 

12 

•  ■  * 

•  •  •   • 

•     ■     •     ■ 

69.0 

94.0 

137.0 

191.0 
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Table  14. — Machine  Boltb* 


Length 
(iDches) 

Diameter  (inches) 

H 

Me 

H 

Ke 

H 

H 

K 

H 

1 

Threada  per  inch 

20 

18 

16 

14 

13 

11 

10 

9 

8 

Weight  in  pounds  of  100  bolts  with  square  heads  and  nuts 

H 

2.4 

4.4 

6.9 

10.4 

1 

2.8 

4.9 

7.6 

11.5 

16.3 

IH 

3.1 

5.5 

8.4 

12.5 

17.7 

31.7 

52.2 

iH 

3.4 

6.0 

9.2 

13.6 

19.1 

33.8 

55.3 

83.4 

2 

4.1 

7.1 

10.8 

15.7 

21.8 

38.1 

61.5 

91.8 

129.0 

2H 

4.8 

8.2 

12.3 

17.8 

24.6 

42.4 

67.7 

99.7 

140.1 

3 

5.5 

9.2 

13.8 

19.9 

27.4 

46.7 

73.9 

108.1 

151.1 

3H 

6.2 

10.3 

15.3 

21.8 

29.8 

51.0 

80.1 

116.6 

162.2 

4 

6.9 

11.4 

16.9 

24.0 

32.6 

55.4 

86.3 

125.0 

173.2 

4H 

7.5 

12.4 

18.4 

26.1 

35.4 

59.3 

92.1 

132.9 

182.7 

5 

8.2 

13.5 

19.9 

28.2 

38.1 

63.6 

98.3 

141.3 

193.7 

6H 

8.9 

14.6 

21.5 

80.3 

40.9 

67.9 

104.5 

149.8 

204.8 

6 

9.6 

15.6 

23.0 

32.4 

43.7 

72.3 

110.7 

158.2 

215.8 

6H 

10.3 

16.7 

24.6 

34.5 

46.4 

76.6 

116.9 

166.7 

226.9 

7 

11.0 

17.8 

26.1 

36.6 

49.2 

80.9 

123.1 

175.1 

237.9 

7H 

11.7 

18.9 

27.7 

38.8 

51.9 

85.2 

129.4 

183.6 

248.9 

8 

12.4 

20.0 

29.2 

40.9 

54.7 

89.5 

135.6 

192.0 

260.0 

9 

13.7 

22.1 

32.4 

44.9 

60.0 

97.8 

147.5 

208.8 

281.3 

10 

15.1 

24.3 

35.5 

49.1 

65.5 

106.4 

160.0 

225.2 

303.3 

11   . 

16.5 

26.4 

38.6 

53.4 

71.0 

115.1 

172.4 

242.2 

326.5 

12 

17.9 

28.6 

41.7 

57.6 

76.5 

123.7 

184.8 

259.1 

347.6 

13 

19.3 

30.7 

44.8 

61.8 

82.0 

132.0 

197.2 

276.0 

369.6 

14 

20.6 

32.9 

47.9 

66.0 

87.6 

140.6 

209.7 

292.9 

391.7 

15 

22.0 

35.1 

51.0 

70.3 

93.1 

149.2 

222.1 

309.8 

413.8 

16 

23.4 

37.2 

54.1 

74.5 

98.6 

167.9 

234.5 

326.7 

435.9 

17 

24.8 

39.4 

57.2 

78.7 

104.1 

166.5 

246.9 

343.6 

458.0 

18 

26.2 

41.5 

60.3 

82.9 

109.7 

175.1 

259.4 

360.5 

480.1 

19 

27.5 

43.7 

63.4 

87.2 

115.2 

183.7 

271.8 

377.5 

502.2 

20 

28.9 

45.8 

66.5 

91.4 

120.7 

192.4 

284.2 

394.4 

524.3 

21 

30.3 

48.0 

69.6 

95.6 

126.2 

201.0 

296.6 

411.3 

546.4 

22 

31.7 

50.2 

72.7 

99.9 

131.7 

209.6 

309.1 

428.2 

568.4 

23 

33.1 

52.3 

75.8 

104.1 

137.3 

218.3 

321.5 

445.1 

590.5 

24 

34.4 

54.5 

78.9 

108.3 

142.8 

226.9 

333.9 

462.0 

612.6 

25 

35.8 

56.6 

82.1 

112.5 

148.3 

235.5 

346.3 

478.9 

634.7 

26 

37.2 

58.8 

85.2 

116.8 

153.8 

244.1 

368.8 

495.8 

666.8 

27 

38  6 

60.9 

88.3 

121.0 

159.4 

252.8 

371.2 

512.7 

678.9 

28 

40.0 

63.1 

91.4 

125.2 

164.9 

261.4 

383.6 

629.7 

701.0 

29 

41.3 

65.3 

94.5 

129.5 

170.4 

270.0 

396.0 

546.6 

723.1 

30 

42.7 

67.4 

97.6 

133.7 

176.9 

278.7 

408.6 

563.5 

745.2 

>  See  also  table  in  Carnegie  Pocket  Companion. 


238 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  a- 111 


Tablb  15a. — Tensile  Strenqth  of  Bolts  and  Round  Rods 

WITHOUT  Upset  Ends 

Diameter 

Diameter  of 

Weight  per 

Strength  of  rod 

of  rod 

root  of 

lin.  ft. 

At  12.500  lb. 

At  15.000  lb. 

At  16.000  lb. 

At  20.000  lb. 

thread 

per  sq.  in. 

per  sq.  in. 

per  sq.  in. 

per  eq.  in. 

H 

0.294 

0.376 

848 

1.018 

1,088 

1.300 

H. 

0.344 

0.511 

1.160 

1.393 

1,489 

1.800 

H 

0.400 

0.668 

1,570 

1,884 

2,018 

2.620 

M« 

0.454 

0.845 

2.022 

2,427 

2,590 

3.240 

H 

0.507 

1.043 

2,524 

3.030 

3.230 

4.040 

H 

0.620 

1.502 

3,780 

4,530 

4,830 

6.040 

H 

0.731 

2.044 

5,250 

6,300 

6,720 

8,400 

1 

0.837 

2.670 

6,880 

8,240 

8,800 

ir.ooo 

IH 

0.940 

3.380 

8,670 

10,420 

11.100 

13.880 

IH 

1.065 

4.170 

11,170 

13,420 

14.280 

17,860 

IH 

1.160 

5.050 

13,220 

15,860 

16.900 

21.140 

IH 

1.284 

6.010 

16,190 

10,420 

20.700 

25.900 

IH 

1.389 

7.050 

18.930 

22,720 

24.200 

30.300 

IH 

1.490 

8.180 

21.880 

26,170 

27.900 

34.880 

IH 

1.615 

9.390 

25,600 

30,720 

32.800 

40.960 

2 

1.712 

10.680 

28,800 

34.550 

36,800 

46,040 

2H 

1.962 

13.520 

37.800 

45.350 

48,400 

60.460 

2H 

2.175 

16.090 

46.450 

56.700 

69.400 

74,300 

2H 

2.425 

20.200 

57.750 

69.200 

73,800 

92.380 

3 

2.629 

24.030 

67.800 

81.400 

86,900 

108.560 

Table  156.— -S 

Stbength  op  Round  Rods  with  Upset  Ends 

Diameter 

Diameter  of 

Weight  per 

Strength  of  rod 

of  rod 

upset 

lin.  ft. 

At  12.500  lb. 

At  15.000  lb. 

At  16.000  lb. 

At  20.000  lb. 

per  sq.  in. 

per  sq.  in. 

per  sq.  in. 

per  aq.  in. 

H 

H 

0.668 

2,453 

2.944 

3,135 

3.920 

He 

H 

0.845 

3,106 

3,727 

3,980 

4,980 

H 

H 

1.043 

3,835 

4,600 

4,910 

6.140 

*H6 

1 

1.262 

4,640 

5,560 

6,940 

7,420 

H 

1 

1.502 

5.520 

6,627 

7,080 

8,840 

*He 

IH 

1.763 

6,490 

7,790 

8,310 

10.380 

H 

Wa 

2.044 

7,516 

9,020 

9.630 

12.020 

»Me 

Wa 

2.347 

8.630 

10.340 

11.040 

13.800 

1 

IH 

2.670 

9.815 

11,780 

12.560 

15.700 

1  H 

IH 

3.379 

12.425 

14.900 

15,910 

19.880 

1  H 

IH 

4.173 

15.330 

18.400 

19,650 

24.540 

1  H 

\H 

5.049 

18.550 

22.260 

23.750 

29.700 

1  H 

2 

6.008 

22.060 

26.500 

28.300 

35.340 

1  H 

2H 

7.051 

25.910 

31,090 

33,200 

41,480 

1  H 

2H 

8.178 

30,060 

36.070 

38,500 

48,100 

1  H 

2H 

9.388 

34.600 

41.400 

44,200 

55,220 

2 

2H 

10.680 

39.270 

47.130 

50.300 

62.840 

2  H 

2H 

12.060 

44.320 

53.190 

56.700 

70.940 

2  H 

2H 

13.520 

49.700 

59.680 

63.600 

79.520 

2  H 

3 

15.070 

55.370 

66.450 

70.900 

88.600 

2  H 

3H 

16.690 

61.350 

73,620 

78.500 

98.180 

2  H 

3>i 

18.400 

67.600 

81,200 

86.600 

108.240 

2  H 

^H 

20  200 

74.230 

89.080 

95.100 

118.800 

The  safe  working  value  for  common  wire  nails  or  spikes  for  resistance  to  lateral  forces  in 
timber  joints  of  yellow  pine  or  Douglas  fir  may  be  taken  at 

p  -  4000cP 
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iriiere  p  —  safe  lateral  reeiataQce  of  one  nail,  and  d  =•  diameter  of  nail  in  inches. 

The  working  values  for  the  commoa  sizes  of  nails  in  accordance  with  this  fonnula  are  given 
in  Table  16. 


. .6d. . . .8d. . 


.lOd.. 


.iM....iad.. 


.20d sod 40d fiOd BOd. . 


.80d 


Slrcnsth  in  poiindB. . 

All  tests  made  od  nailed  joints  indicate  that  the  etreagth  of  the  joint  is  approximately  the 
same  whether  the  nail  be  driven  so  that  the  compression  on  the  timber  is  against  or  across  the 
grain.  The  resistance  of  the  joint  is,  however,  decreased  from  25  to  33)^%  if  the  nails 
are  driven  parallel  to  the  fibers  of  the  timber — for  example,  driving  the  nails  into  the  ends  of  a 
stick  of  timber.  A  joint  in  which  this  condition  exists  is  a  header  joint,  frequently  used  in  light 
joist  construction. 

When  one  piece  of  timber  is  spiked  t.o  another, 
the  penetration  of  the  nail  into  the  second  timber 
should  not  be  less  than  one-half  the  length  of  the       e 
nail,  and  should  preferably  be  in  excess  of  this.  & 

The  slip  of  a  nailed  joint  occurs  at  a  compam-      ^ 
lively  small  load,  as  may  be  seen  from  an  inspec-      J 
tion  of  the  curve  of  Fig.  1 12,  which  is  plotted  from 
the  published  results  of  tests  made  by  the  Portland 
Bureau  of  Buildings. 

The  elastic  Umit  of  a  nail  in  lateral  resistance 
in  air-dry  long  leaf  yellow  pine  occurs  at  a  value     Fio.  ii2. — Typical 
of  approximately  C  =  7000  in  the  formula,  p  — 
Ctf,  and  at  an  average  slip  of  0.028  in.,  as  found  by  Wilson  in  the  tests  of  the  Forest  Service 
(see  reference  in  footnote,  p.  232).    The  Portland  tests  show  higher  values  for  both  clastic 
limit  and  slip  at  elastic  limit. 

lis.  Lateral  RMistance  of  Wood  Screws. — The  lateral  resistance  of  common  wood  screws 
was  investigated  as  theeis  work  by  Kolbirk  and  Bimbaum  at  Cornell  University,'  using  timbers 
of  cypress,  yellow  pine  and  red  oak.     Prom  the  results  of  these  teats,  the  following  formula  for 
the  safe  lateral  resistance  may  be  used  for  yellow  pine  and  Douglas  fir: 
p  -  4375d' 

Table  17  gives  the  safe  working  values  in  terms  of  gage  numbers.  In  pvii^  these  values 
the  assumption  is  made  that  the  screw  is  imbedded  in  the  second  or  main  piece  of  timber  ap- 
proximately ?io  the  length  of  the  screw. 

Tablk  17. — Saf»  Latbral  Rbsistancb  or  Common  Wood  Scbbwb  with  Yixlow  Pine  and 
DoooLAS  Fir 


t.«lipciir 


Qmb  ot  nn- 

(inobu) 

(pound*) 

6 

0,137 

S2 

8 

1S3 

10 

isa 

12 

242 

208 

314 

IB 

381 

30 

321 

32 

347 

627 

24 

S13 

2a 

" 

400 

700 

>  AbrtTMt  of  naulta  publithed  in  Conwll  Civil  Encins 
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118.  Lateral  Resistance  of  Lag  Screws. — Two  typical  cases  of  joints  may  be  made:  (1) 
boards  or  planks  screwed  to  a  timber  block,  and  (2)  a  metal  plate  screwed  to  a  block  of  timber. 
The  writer  made  a  series  of  tests  on  both  types  of  joint.^  From  the  results  of  these  tests,  and 
also  from  a  theoretical  consideration  of  the  probable  distribution  of  pressures  of  lag  screw 
against  timber  and  resultant  bending  moments  in  the  lag  screw,  the  following  values  for  lag 
screws  in  lateral  shear  and  bending  are  recommended : 

Safe  Lateral  Resistance  of  One  Lag  Screw 

Metal  plate  lagged  to  timber K  X  4H-m-  1»S  sorew 1030  lb. 

•                        J^  X  5    -in.  lag  screw 1200  lb. 

Timber  planking  lagged  to  timber H  X  4H-in.  lag  aorew 900  lb. 

H  X  5    -in.  lag  screw 1050  lb. 


114.  Lateral  Resistance  of  Bolts. — In  a  typical  detail  of  wooden  joint,  such  as  is  illustrated 
in  Fig.  113,  a  number  of  assumptions  may  be  made  as  to  the  distribution  of  the  bearing  pressure 
of  the  bolt  against  the  timber.  Since  as  many  different  bending  moments  will  obtain  as  as- 
sumptions of  distribution  of  pressure  are  made,  the  resultant  computed  resistance  of  bolt  to 
resist  relative  moment  of  the  timbers  will  vary  accordingly.  Two  assumptions  will  be  consid- 
ered here:  (1)  a  uniform  distribution  of  bearing 
pressures,  and  (2)  triangular  distribution  of 
bearing  pressures. 

(1)  Uniform  Distribution  of  Bearing  Pres- 
sures,— With  this  assumption,  the  bending  mo- 
ment in  the  bolt  will  be 


Fxa.  113.— Typical  bolted  jointr— bolts  in  "double 

shear." 


M  -  HP{i'/2  +  r/4) 


where  tf  «  thickness  of  splice  pad,  and  t"  »  thickness  of  main  timber.  Under  this  assumption, 
the  greater  the  thickness  of  side  pieces  t'  (see  Fig.  113),  the  larger  diameter  of  bolt  required. 
Table  18  gives  the  resisting  moments  of  one  bolt  in  flexure  at  various  fiber  stresses,  varying 
from  12,000  to  24,000  lb.  per  sq.  in. 

The  working  values  of  bolts  for  typical  timber  joints,  as  found  by  this  method  are  very  low, 
especially  for  joints  with  thick  splice  pads.  Hundreds  of  such  joints  are  giving  service  in  which 
the  bolts  are  working  at  more  than  the  ultimate  stresses  as  computed  by  this  method. 

Bolts  are  usually  driven  with  a  tight  fit  in  the  holes  and  when  such  a  condition  exists,  the 
pressure  of  the  bolt  on  the  timber  is  not  uniform  along  the  length  of  bolt,  as  has  been  determined 
by  tests,  and  therefore  the  preceding  value  of  bending  moment  on  the  bolt  is  incorrect. 


Table  18. — REsisTiNa  Momei^ts  of  Bolts 


Siseof 
bolt 

Section 
modulus 

Fiber  Btresses  (pounds  per  square  inch) 

12.000 

16,000 

20.000 

22.500 

24.000 

H 
H 
H 

1 

IM 
l>4 
\H 
IM 
IH 
IH 
VA 
2 

0.0239 

0.0414 

0.0656 

0.0982 

0.140 

0.191 

0.255 

0.331 

0.421 

0.525 

0.646 

0.785 

285 
495 
785 
1180 
1680 
2290 
3060 
3970 
5050 
6300 
7750 
9420 

380 

660 

1,050 

1,570 

2.240 

3,055 

4,080 

5.295 

6.735 

8,400 

10,335 

12.560 

480 
830      ' 

1.310 

1.960 

2.800 

3.820 

5,100 

6,620 

8.420 
10,500 
12,920 
16,700 

540 

930 

1.475 

2.205 

3.150 

4,300 

5.735 

7,445 

9,470 

11,810 

14,535 

17,660 

575  • 

995 

1,575 

2,360 

3,360 

4,585 

6,120 

7,945 

10,105 

12,600 

15,505 

18,840 

1  Bng.  New»,  vol.  76.  No.  3,  July  20;  No.  4,  July  27,  and  No.  17,  Oct.  26,  1916. 
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Tbe  following  method  \a  proposed  as  offering  a  aatisfactoiy  method  of  computing  the 
Btrength  of  such  bolt  joints: 

(2)  Trianffular  Dittribaiion  of  Bearing  Preutm  on  Boll*. — The  assumptions  of  this  article 
are  illiutrated  in  Fig.  114  and  are  the  result  of  a  study  of  a  series  of  tests  of  bolted  joints  made 
bythe  writer.!  ^le  theory  of  bearing  pressures  niay  be  stat«d  thus:  It  is  assumed  that  the  diB- 
tribution  of  load  od  the  bolt  is  triangular  in  shape;  that  the  unit  pressure  (pounds  per  linear 
inch  of  bolt)  is  a  manmum  at  the  c<Mitact  faces  of  tlie  timbers,  in  amount  equal  to  the  strength 
of  the  timber  in  bearing,*  and  of  approximately  the  distribution  for  the  typical  case,  as  shown 
in  Fig.  114.  It  is  also  assumed  that  in  the  joint  of  Fig.  114,  there  is  a  definite  minimum  length 
"m, "  such  that  the  moment  resulting  from  the  load  on  this  length  of  bolt  will  juat  equal  the 
Sexural  strength  of  the  bolt.  Further,  it  is  assumed  that  in  joints  where  the  thickness  of  side 
timber  is  leas  than  the  limiting  value  "nt"  the  pressure  distribution  diagram,  while  maintaining 
the  general  triangular  shape,  is  modified  in  respect  to  the  relative  dimensions  "a"  and  "b" 
(Fig.  114)  within  the  limits  a  ■^  o  and  a  —  f/3,  and  that  the  ratio  a/t'  remains  such  that  the 
resulting  bending  moment  in  the  bolt  bears  the  same  relation  to  the  flexural  strength  of  the 
bolt  as  the  maximum  intensity  of  pressure  on  the  timber  bears  to  the  unit  strength  of  the  tim- 
ber in  compression.  The  above  theory  assumes  that  the  ratio  of  thickness  of  timber  to  diam- 
eter of  bolts  is  comparatively  large.     As  the  ratio  of  diameter  of  bolt  to  thiokneaa  of  splic* 


l#,.x; 


kJZl^ 


pad  incKases,  the  pressure  distribution  diagram  on  the  length  of  bolt  within  the  splice  pad  is 
assumed  to  change  from  a  triangular  shape  (Fig.  114)  through  a  trapeEoidal  shape  (Fig.  1 15) 
until  the  limiting  case  is  reached,  with  a  short  thick  bolt  of  uniform  distribution  of  pressure 
along  the  length  of  bolt  (Fig.  116). 

For  the  case  illustrated  in  Fig.  114  there  are  two  equal  maidmum  bending  moments  in  the 
bolt,  occurring  at  paints  of  lero  shear.  With  the  assumption  that  beyond  a  minimum  value  of 
f  or  width  of  splice  pad,  the  strength  of  joint  is  independent  of  the  length  of  bolt,  the  length, 
for  which  the  strength  of  the  bolt  in  flexure  is  equal  to  the  safe  load  on  the  bolt  as  determined 
from  the  compression  on  the  timber,  may  be  detennined  by  equating  the  bending  moment  re- 
sulting from  such  load  to  the  resisting  moment  of  the  bolt. 


12 
(m)  -  ^(dp™-)  -  ^ 


-27>" 


32 


It  workina  .((..(th. 
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where  M  ^  bending  moment  on  bolt  in  inch  pounds. 

p  s  maximum  allowable  unit  bearing  stress  of  bolt  against  timber. 

/  »  maximum  allowable  flexural  unit  stress  in  bolt. 

f  =»  thickness  of  splice  pad. 

d  =  diameter  of  bolt  in  inches. 

m  »  length  of  portion  of  bolt  on  which  pressure  exists. 
Using  the  same  notation,  when  m  is  less  than  t',  the  theory  assumes  that  the  ratio  of  the 
dimensions  a  and  h  changes,  within  the  limits  a  —  o  and  a  »  t'/S,  to  the  end  that  the  greatest 
strength  of  joint  is  obtained  with  the  provision  that  the  capacity  of  the  bolt  in  bending  and  the 
timber  in  compression  is  maintained  simultaneously.  For  these  cases  the  bending  moment 
may  be  expressed  by  the  general  formula  M  »  C^',  and  the  total  load  on  the  joint  by  the 
general  formula  P  —  Kt',  In  these  formulas,  M  »  moment  on  bolt  in  inch  pounds,  <'  «  width 
of  splice  pad  in  inches,  and  C  and  K  are  factors  to  be  obtained  from  Diagram  1. 

Table  19  shows  the  rehttion  of  C  and  K  to  varying  ratios  of  a/t;  for  a  bolt  of  1-in.  diameter, 
for  the  case  of  a  triangular  pressure  diagram. 


Ratio 
0 

H 
K 
H 


Tablb  19 
C 

433 

266 

163 

48 

DiAGBAM  1. 

Slip  In  inches 


K 

1300 

1040 

866 

650 


Q) 

3 


jI/VO          Iv  V. 

?v      V^ 
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_4>\      '^^ 

'^k        ^Sr 

X          ^Sr 

•300                -+i\        ^s. 

1^^         ^5^ 

rmttU  "^##1 

goo           M  r^      ^^ 

100                       .-. .-  — — >                 V 

'                        ^    .    "s 

v'      \ 

0 \ 

leso 


1000  "H 


c 

750   - 


soo 


eso 


0) 


:§ 


0.10  0.20  0.30 

Values  of.  -S? 


OAO 


0.S0 


Diagram  1  shows  the  above  variation  of  C  and  K  with  the  ratios  a/t',  for  a  l-in  bolt.  By 
means  of  this  diagram,  the  safe  strength  of  a  bolt  in  double  shear  for  any  thickness  of  splice  pad 
may  be  found.  The  diagram  is  based  on  the  values,  p  =  1300  lb.  per  sq.  in.  for  the  safe  pres- 
sure in  end  bearing  of  the  diametral  section  of  the  bolt  in  timber,  and  /  =  16,000  lb.  per  sq.  in. 
for  bolts. 


ninstcmtive  Problem. — Given  a  joint  with  6-in.  center  timber,  and  two  3-in.  splice  pads,  bolted  with  H~in* 
bolts.  What  is  the  safe  strength  of  one  bolt,  allowing  a  maximum  unit  compression  against  ends  of  fibers  of  timber 
and  a  maximum  flexural  stress  of  16,000  lb.  per  sq.  in.  in  the  bolt? 

From  Table  18  the  safe  resisting  moment  of  a  J^-in.  bolt  at  16,000  lb.  per  sq.  in.  is  1050  in.-lb.     Since  Diagram 

1050 
1  is  for  a  bolt  of  1-in.  diameter,  the  equivalent  moment  for  entering  the  diagram  is  a  ^jk  "*  1200  in.-lb. 
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Prom  the  equation  M  -  Ct%  C  -  —^  -  133.3. 

Entering  the  diagram,  a  vertical  line  through  the  point  on  the  dash  and  dot  **  C*  curve  for  the  value  C  «  133.8, 
intersects  the  full  line  "  K  "  curve  at  a  point  giving  K  ^  SIO  lb.  Remembering  that  this  value  is  for  the  case  of  a 
1-in.  bdt,  the  safe  load  for  a  H-in.  bolt  is 


p  -  I  Xf  -  (g  )  (810)  (3)  -  2130  lb. 


For  the  cases  in  which  the  pressure  distribution  on  the  bolt  is  trapezoidal,  as  in  Fig.  115, 
Table  20  gives  the  values  of  C  and  K,  in  the  formulas  M  =  C(<')*  and  P  =  Kt'^  respectively,  for 
various  ratios  of  the  minimum  unit  pressure  to  the  maximum  unit  pressures,  all  for  a  bolt  of 
1-in.  diameter. 

Tablb  20 

Ratio 

^/p  C  K 

0  433  650 
K  630  812 
>i  867  075 
K  1084  1138 

1  1300  1300 


Diagram  2. 

DXAQBAM    rOB   FXNDINQ    SaFB  LoADS  ON   A    BOLTBD   JOiNT — BOLT  IN   "  DOUBLB  ShBAB."      DiaQBAM  DbAWN  VOB 

1-IN.  Boi;r. 


•1300 


2600 


aeO  OAO 

Values  of -^ 


ato 


Diagram  2  gives  the  curves  of  these  formulas  for  the  trapezoidal  distribution  of  pressure 
for  a  bolt  1  in.  in  diameter.     These  curves  are  to  be  used  exactly  as  those  of  Diagram  1. 

Ulostrative  Problem.^-Given  a  joint  of  yellow  pine  timber  with  5H-in.  center,  and  two  2H'in>  spliced  pads, 
bolted  with  iK-in.  bolts.     What  is  the  safe  strength  of  one  bolt  in  lateral  resisiance? 

From  Table  18,  the  safe  resisting  moment  of  a  iH-in.  bolt  at  16,000  lb.  per  sq.  in.  is  5296  in.-Ib.  To  enter 
Diagram  2,  which  is  drawn  for  a  1-in.  bolt,  the  value  of  5205  miist  be  divided  by  IH*     The  equivalent  moment  is 
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Gags  X  H  -  3530.  From  th«  sqtution  M  -  C(0',  C  -  g^g  -  A6S.  From  Diunim  2  U»  nluc  ol  X  in  tl» 
nirvei*  -  XC,  oorraapoDdiDt  to  C  -  665.  li  IfiOO  lb.  Thia  v»lu*  U  for  o  l-in.  bolt.  Thsrefon,  th«  sale  low!  for  ■ 
IH-in.  bolt  1* 

p  -  (1500)  (2M)  (IK)  -  Gees  lb. 
The  T&lues  of  Table  21  have  been  worked  from  the  preceediitg  theory  by  means  of 
Diagrams  1  and  2, 

Tabls  21. — Value  of  Onb  Bolt  in  Double  Shbar 


Thick 

»»..kl.ti„b.r.( 

ncliH) 

1 

Bolt 

.     1     .     1     .     1     .     1 

Thickn 

D»  «nMr  timber. 

iDch») 

* 

0 

S 

10 

13 

H 

low 

1285 

1406 

14S6 

1405 

IMO 

ias£ 

2100 

2100 

M 

2S45 

3480 

2856 

3000 

IM 

3130 

3235 

3580 

4025 

4520 

m 

3915 

3S40 

4680 

6170 

IH 

4840 

4»W0 

496S 

m 

5S90 

S670 

6780 

6346 

6700 

MiximuD 


^^  rw  in  bolt  io  bendinf.  16,000  lb.  per 

^^Mk  Maiinium  intciuity  of  basriDi  prauure  on  wood,  1060  I 

^^^^^  BflATitiK  OD  wood,  svermgfl  on  dLametral  tflctioa  ol  bolt, 

BMt  in  Sinfta  ^A«u-.— The  ufe  v&1u«a  of  bolta  actlnf  in 

F.a.  117—  h.Hth.vdu«o[T»blo2l. 

O.O.      cast-  BalU  Bmring  AeroH  HuOraiim/  Timber  —For  "double 

Iton  wuber.  aerou  the  via  of  tbe  timber,  the  lafe  valiiee  may  I 

Table  21. 

Mtlal  Plain  BalUA  la  rim5(r.-~The  valine  of  Table  21  may  be  uned  (or 

to  timber;  In  other  wordi.  a  ateel  fiib  plats  joint,  provided  that  the  value 

loada  ae  determined  by  bearina  of  the  plato  oa  the  bolt,  or  ehear  !□  the  boll 

116.  ReBiBtance  to  With- 
drawal of  NailB,  Spikes,  Screws, 
end  Drift  Bolts. — The  reaistance 
of  naila,  spikes,  screws  and  drift 
bolte  to  withdrawal  from  timber 
is  a  function  of  the  surface  area 
of  contact  between  metal  and 
timber,    and   the   unit    reaiatance 


1300  lb.  per  an.  in. 


of  this  Uhle  do  i 


i^ishths  the  i 
!i  iteel  platee  ar 


to  withdn 
algebraically, 


il.     Expr< 
•  AC 


aed 


-I^^^E^^  ^•^•'i^i^    f''^^i^^    f^^^^^^ 


lis.— 


ribbed  » 


in  which 

P  '  total  pounds  required  to  move  the  spike,  acren,  or  drift  bolt. 
A  ^  surface  of  contact  between  metal  and  wood. 
C  =  unit  reaiBtance  to  withdrawal. 

The  value  of  C  depends  upon  the  kind,  quality,  and  condition  of 
^  timber,  condition  of  surface  of  nail,  screw,  or  drift  bolt,  aiie  of  hole  in 
W  which  nail,  screw,  or  bolt  may  have  been  driven  or  screwed,  and  direc- 
tion of  fibers  of  timber  with  reference  to  length  of  nail,  spike,  screw,  or 
"™  drift  bolt.  For  practical  purposes,  C  is  a  quantity  determined  solely  by 
experiment.  Ultimate  values  for  C  for  wire  and  cut  nails,  boat  spikes, 
e  given  in  Table  22.    These  values  are  taken  from  a  study  of  the  numerous 


and  drift  bolts  a 
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tests  that  have  been  made.    The  values  for  resistance  to  withdrawal  as  found  by  the  testa 

vary  so  widely  that,  for  safe  working  values,  a  safety  factor  of  four  should  be 

used. 

116.  Washers. — ^For  the  more  common  timbeis  employed  in  building  con- 
struction, the  resistance  to  crushing  across  the  grain  of  the  timber  is  much 
smaller  than  resistance  to  end  crushing.  For  this  reason  it  is  necessary  to 
use  washers  under  heads  and  nuts  of  bolts  in  timber  construction  to  prevent 

the  nuts  and  head  from  crushing  into  the  timber  when  the  cs^i3»*^~" 
nuts  are  tightened,  and  also  when  the  bolts  take  their  assumed  •  e  d  steel 
stresses.  ™*^- 

There  are  five  ^rpes  of  washers  used  in  timber  construction:  (1)  cast-iron 
O.G.  washers,  (2)  cast-iron  ribbed  washers,  (3)  malleable  iron  washers,  (4) 
circular  pressed  steel  washers,  and  (5)  square  plate  washers. 


a 


^'(^ij^tTrah^r^  Table    22. — Ultimatb   RssisTANce  to  Withdrawal  of  Wibb  and  Cut 

Nails,  Wood  Screws,  Lag  Screws,  Boat  Spikes  and  Drift  Bolts 

(All  Quantities  Expressed  in  Pounds  per  Square  Inch  of  Contact  Between  Metal  and  Timber) 


YeUow 
pine 

Douglas 
fir 

White 
pine 

White 
oak 

Redwood 

Hut  niiilipi 

600 
300 
300 
260 
1500 
800 
600 
370 
400 
200 

600 
300 
300 
260 
1500 
800 
600 
370 
400 
200 

300 
275 
170 
100 
900 
600 
270 
200 
240 
120 

1200 

1000 

900 

800 

2200 

1200 

1000 

750 

600 

300 

300 
160 
300 
200 
900 

Cut  nails* 

Wire  nails* 

Wir^i  nuiVfS 

Wood  screws 

Las  screws 

Boat  spikes' 

Boat  spikes^ 

Drift  bolts* 

'  Drift  bolts* 

>  Driven  perpendicular  to  grain  of  timber. 

*  Driven  parallel  to  grain  of  timber. 

*  Edge  of  point  parallel  to  grain  of  timber. 
«  Edge  of  point  across  grain  of  timber. 

*  Driven  in  holea  Ms  to  K  in.  lees  in  diameter  than  drift  bolt. 

For  cases  in  which  the  axis  of  bolt  is  inclined  to  the  bearing  surface  of  the  timber,  bevelled  cast- 
iron  washers  may  be  employed  (see  Fig.  122  and  Table  28).     The  five  types  of  washers  men- 
tioned are  illustrated  in  Figs.  117  to  121  inclusive  and  Tables  23 
to  27  inclusive  give  detailed  dimensions. 

In  the  case  of  bolts  acting  wholly  in  tension  there  can  be  no 
question  of  the  necessity  of  washers.  Washers  should  be  properly 
designed,  both  for  strength  and  stiffness,  and  of  proper  size  to 
limit  the  bearing  pressure  on  the  timber  to  the  safe  working  value. 
For  Douglas  fir  or  yellow  pine  either  the  square  plate  washers, 
ribbed  cast-iron,  or  cast-iron  O.G.  washers  of  equivalent  area 
should  be  used.  Attention  is  called  to  the  fact  that  in  the 
malleable  washer,  the  full  area  of  the  base  of  washer  is  not  available 
for  bearing.  For  example,  the  ^-in.  malleable  washer  has  an 
actual  bearing  area  of  about  4  sq.  in.,  or  an  actual  efficiency  of 
approximately  60%  of  its  nominal  area.  Even  the  cast-iron  O.G. 
washers  of  Table  23  stress  the  timber  to  approximately  750  lb.  per 
sq.  in.,  for  a  unit  stress  of  16,000  lb.  per  sq.  in.  in  the  rod. 

When  the  bolt  acts  wholly  in  shear  and  bending,  smaller  washers,  such  as  the  malleable 
washers,  are  permissible,  though  not  necessarily  advisable.  In  such  instances  it  is  often  practi- 
cally certain  that  the  timber  will  shrink,  and  that  the  washers  will  never  be  tightened,  and  for 


Fia. 


122.— Bevelled 
washer. 


cast-iron 
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this  reason  the  use  of  malleable  washers  may  be  justified,  in  order  to  save  ex])ense.  On  the 
other  hand,  when  there  is  a  chance  that  some  maintenance  work  may  be  counted  upon  in  the 
shape  of  washer  tightening,  good  construction  will  prescribe  either  a  special  cast-iron  washer 
or  a  square  plate  washer,  sufficient  in  size  to  meet  the  capacity  of  the  bolt  in  tension. 

In  order  to  avoid  special  washers,  malleable  washers  of  larger  size  than  the  nominal  size  for 
the  bolt  used  are  sometimes  specified.  Such  a  procedure  is  unwise  for  two  reasons:  (1)  the 
holes  in  the  larger  washer  are  of  such  diameter  with  respect  to  the  diameter  of  the  head  and  nut 
of  the  bolt,  that  a  poor  bearing  between  head  or  nut  and  washer  results;  and  (2)  the  carpenter 
will  invariably  put  stock  sizes  of  washers  and  bolts  together  if  there  is  a  chance  to  do  so. 

The  circular  cut  or  pressed  steel  washer  should  never  be  used  in  timber  construction,  except 
between  metal  and  metal. 

The  selection  of  a  washer  as  between  a  special  size  O.G.,  ribbed  cast-iron,  or  a  square  steel 
plate  washer,  will  depend  on  the  relative  prices  of  cast  iron  and  steel,  availability  of  foundry  and 
steel  shops,  and  size  of  jobs.  When  large  size  washers  arc  required  and  the  job  is  a  small  one, 
the  square  plate  washer  will  usually  be  found  cheapest. 

No  square  plate  washer  should  have  a  thickness  less  than  one-half  the  diameter  of  bolt. 
A  good  rule  is  to  add  yi^in.to  the  thickness  thus  found. 

When  the  center  line  of  bolt  or  rod  is  not  normal  to  the  bearing  face  of  the  timber,  the 
timber  must  be  notched,  or  a  beveUed  washer  used.     If  the  section  of  timber  is  ample,  a  notch 

Tablb  23. — Washers — O.G.  Cast-ibon 


Sise  of  bolt  (inohea) 

Weight  per  lOO  lb. 

Diameter  (inches) 

Thiokneas  (inches) 

Ares  (square  inches) 

H 

35 

m 

yi 

3.78 

H 

76 

3 

H 

6.76 

H 

100 

m 

H 

7.86 

H 

145 

3>g 

»He 

9.02 

1 

186 

4 

H 

11.79 

IH 

286 

4>2 

IH 

14.91 

lyi 

376 

6 

IH 

18.41 

IH 

600 

6 

IH 

26.50 

Table  24. — Washers — Cast-Iron  Ribbed 

(See  Fig.  118) 


fiisebolt 

Sise  upset 

a 

b 

c 

d 

h 

( 

Shape 
base 

No. 
ribs 

Weight 

H 

Not  upset 

K 

iMs 

H 

3H 

H 

H 

C 

6 

6.66 

H 

Not  upset 

H 

IK 

Ms 

4 

1 

>i 

C 

6 

1.10 

H 

Not  upset 

1 

2K 

Ks 

4H 

IH 

K 

c 

6 

1.80 

H 

1 

IH 

2K 

K 

6K 

IK 

K 

c 

6 

2  79 

*He 

IH 

IH 

2H 

K 

6H 

iKs 

K 

c 

6 

3.29 

H 

IH 

IH 

3 

Ms 

6>i 

iHe 

Ke 

c 

6.30 

1 

IH 

IH 

3K 

Ks 

7 

iHs 

Ks 

c 

6.34 

IH 

IH 

IH 

3H 

K 

7^ 

l»Hs 

H 

c 

9.04 

IK 

IH 

IK 

3K 

K 

8K 

l^Ks 

K 

c 

11.30 

IH 

IK 

IH 

4 

K 

9H 

2>i 

H 

c 

13.60 

IHe 

IH 

2 

4K 

He 

10 

2K 

Ks 

c 

8 

18.66 

IH 

2 

2H 

4H 

He 

lOK 

2Hs 

Hs 

c 

8 

20.39 

IH 

2H 

2H 

4K 

H 

UK 

2H 

H 

c 

8 

26.90 

IH 

2H 

2H 

6H 

H 

12H 

2K 

H 

c 

8 

30.62 

VA 

2H 

2H 

6H 

H 

UK 

4K 

H 

Sq. 

8 

48.23 

2 

2H 

2H 

6H 

5i 

12 

6H 

K 

Sq. 

8 

69.32 
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is  the  cheapest  detail.  The  pressuie  of  the  washer  against  the  timber  is  then  inclined  to  the 
direction  of  fibers,  and,  consequently,  a  higher  unit  bearing  pressure  may  be  used,  in  accordance 
with  the  formula  and  values  of  Art.  118. 

For  the  larger  size  of  bolts  and  rods,  notching  the  timber  sufficiently  to  provide  the  required 
area  for  bearing  may  cut  the  stick  beyond  the  safe  limit.  In  such  a  case,  either  a  combination 
of  a  flat  washer  with  a  smaller  cast-iron  bevelled  washer  may  be  used,  or  a  special  cast>iron 
bevelled  washer  may  be  designed.  The  latter  solution  is  much  the  better  of  the  two.  If  this 
washer  be  made  square  or  rectangular,  the  component  of  the  stress  in  the  rod  parallel  to  the  face 
of  the  timber  may  be  taken  care  of  by  setting  the  washer  into  the  timber.  In  the  former  case, 
this  component  will  produce  bending  in  the  rod  or  bolt. 


Table  25. — Washebs — Mai^leabub  Iron 


Sixe  of  bolt  (inohes) 

Weight  per  100  washera 

Diameter  (inohes) 

Thiokneaa  (inches) 

H 

15 

2H 

H 

H 

22 

2H 

H< 

Va 

33 

3 

He 

H 

50 

3H 

Hs 

1 

68 

4 

H 

IH 

87 

4H 

H 

IH 

150 

5 

H 

IH 

100 

6 

H 

2 

420 

7H 

* 

Table  26. — Washers — Wrought-iron 


Sise  of  bolt  (inches) 

No.  in  1001b. 

Diameter 
(Inches) 

Sise  of  hole 
(inohes) 

Gage 

Thickness 
(inchest 

^l6 

39«400 

Me 

H 

18 

0.05 

>i 

15,600 

H 

Ms 

16 

0.063 

Me 

11,260 

^i 

H 

16 

0.063 

H 

6,800 

1 

Ms 

14 

0.078 

Hs 

4,300 

m 

H 

14 

0.078 

H 

2.600 

IH 

Mi 

12 

0.126 

Ha 

2.250 

m 

H 

12 

0.125 

H 

1.300 

m 

'Ms 

10 

0.125 

H 

970 

2 

»M6 

9 

0.156 

H 

828 

2H 

'Me 

8 

0.172 

1 

600 

2H 

IMe 

8 

0.172 

IH 

500 

2H 

m 

8 

0.172 

IH 

384 

3 

m 

8 

0.172 

IH 

288 

3K 

m 

0.189 

IH 

267 

3M 

iH 

0.189 

IH 

230 

ZH 

iH 

0.189 

IH 

206 

4 

IH 

0.189 

IH 

182 

4H, 

2 

rr 

0.189 

2 

168 

4H 

2H 

0.189 

2H 

122 

^H 

2H 

5 

0.219 

2H 

106 

6 

2H 

4 

0.234 
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Tablb  27. — Wabhbbs — Squabb  Steel  Platb 

Unit  Bearing  Pressure — ^350  lb.  per  sq.  in. 
Unit  Tension  in  Bolt  or  Rod — 16,000  lb.  per  sq.  in. 


Diameter  of  bolt  or  rod 

Diameter  of  ujMset 

Side  of  square  washer 

Thiokness  of  washer 

H 

Not  upset 

3M 

H 

H 

Not  upset 

4 

Ke 

H 

Not  upset 

4H 

>i 

H 

1  in. 

*H 

Me 

»H6 

IH 

5 

.       « 

H 

m 

6H 

»Me 

1 

IH 

6>i 

H 

IH 

m 

7 

»He 

m 

IH 

7H 

^ 

IH 

IH 

8H 

»H6 

IH 

2 

9H 

iHe 

Table  28. — Washers — Cast-iron  Beveled 


Siserod 

a 

b 

c 

d 

( 

e 

« 

H 

3H 

1« 

4 

H 

H 

H 

1 

4>i 

2 

4H 

H 

1 

1 

IH 

4K 

2H 

5>4 

H 

IH 

IH 

•  i>i 

6K 

2H 

6 

1 

IK 

IK 

IH 

'       6>i 

25i 

6M 

1 

IK 

117.  Resistance  of  Timber  to  Pressure  from  a  Cylindrical  Metal  Pin. — When  a  pin, 
bolt,  etc.  of  circular  cross-section  bears  against  the  ends  of  the  fibers,  the  load  on  the  pin  is 
resisted  by  pressure  of  the  timber  against  the  metal,  and  such  differential  pressures  are  always 
normal  to  the  surface  of  the  pin.  The  differential  pressures  may  be  supposed  to  be  replaced,  for 
practical  purposes,  by  two  resultant  reactions,  one  parallel  and  the  other  perpendicular  to  the 
line  of  action  of  the  applied  forc^.  The  second  of  these  resultant  reactions  tends  to  split  the 
timber,  since  it  produces  tension  across  the  fibers  of  the  timber.  Consequently,  for  the  case  in 
hand,  the  usual  permissible  unit  bearing  pressure  against  the  ends  of  the  fibers  must  be  reduced. 
Also  the  particular  detail  must  be  investigated  to  make  sure  that  the  tension  across  the  fibers 
due  to  the  cross  pressure  is  within  the  safe  unit  stress  for  the  timber  in  question. 

Tests  and  theoretical  considerations  indicate  that  for  a  round  pin  or  bolt  bearing  against  the 
ends  of  timber,  the  safe  average  unit  bearing  pressure  to  be  applied  to  the  diametral  plane  of  the 
pin  may  be  taken  at  %  the  usual  allowable  compression  against  the  ends  of  timber.  The  resul- 
tant secondary  pressure  across  the  fibers  may  be  taken  at  )^o  the  applied  load.  When  the  direc- 
tion of  the  applied  load  is  perpendicular  to  the  direction  of  the  fibers,  the  safe  average  diametral 
pressure  may  be  taken  at  ^{q  of  the  permissible  unit  compression  across  the  fibers. 

For  the  case  of  pins  and  bolts  in  tight  fitting  holes  in  dense  Southern  pine  and  Douglas 
fir,  the  values  of  1300  lb.  per  sq.  in.  for  end  bearing  and  800  lb.  per  sq.  in.  in  cross  bearing  may 
be  used. 

Illustrative  Problem. — What  is  the  safe  load  on  a  1^^-in.  bolt,  bearing  against  the  ends  of  the  fibers  of  a  6  X 
0-in.  block  of  Douglas  fir,  and  what  is  the  force  tending  to  split  the  block  of  timber? 

The  safe  load  is  IK  X  0  X  1300  <-  1950  in.-lb.     The  force  tending  to  split  the  timber  is  1950  X  0.1  *  195  lb. 

118.  Compression  on  Surfaces  Inclined  to  the  Direction  of  Fibers. — The  allowable  in- 
tensity of  pressure  on  timber,  when  the  direction  of  pressure  is  neither  parallel  nor  perpendicular 
to  the  direction  of  fibers,  was  investigated  by  Prof.  M.  A.  Howe  on  specimens  of  yellow  pine. 
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white  pine,  cypress,  white  oak,  and  redwood.^     On  the  basis  of  these  tests,  Prof.  Howe  recom- 
mends the  formula: 

where 

r  —  allowable  normal  unit  stress  on  inclined  surface. 

p  »  allowable  unit  stress  against  ends  of  fibers. 

q  »  allowable  unit  stress  normal  to  direction  of  fibers. 

Using  the  same  notation,  Prof.  Jacoby  in  "Structural  Details"  develops  the  formula: 

r  ^  p  sin*  9  -\-  q  cos*  0, 

Mr.  Russell  Simpson  of  the  University  of  California,  has  recently  made  a  series  of  tests, 
as  thesis  work,  on  the  bearing  values  for  inclined  surfaces  of  Douglas  fir  and  Califomia  white 
pine.  He  finds  that  Jacoby 's  formula  gives  results  closely  approximating  the  test  values  at 
the  elastic  limit,  while  Howe's  formula  holds  for  a  constant  indentation  of  0.03  in.  Diagram 
3  gives  the  curves  of  the  formulas  of  Howe  and  Jacoby  for  values  of  p  —  1800  lb.  per  sq.  >n., 
q  =  350  lb.  per  sq.  in.;  and  p  =  1600  lb.  per  sq.  in.,  q  =■  300  lb.  per  sq.  in. 

Working  values  for  actual  design  of  timber  jointg  involving  bearing  on  surfaces  inclined 
to  the  direction  of  fibers  should  be  based  on  the  elastic  Umit.  The  full  line  curves  of  Jacoby's 
formula  are  therefore  recommended  for  design. 

Diagram  3. 

Dlaoram  for  Sate  Bearu^g  Pressurb  on  Timber  Surfaces  Inclined  to  Dirbctiom' 

OF  FmER. 


400  tee  0OO  TOO  aeo  9eo  moo  mo  itoe  isee  |400  hm  moo  noo 
Volue*  of  "r"in  lb.  per  tq.  in 
Solid  line  curv««     Formula*  r^psin^^^q  •In*^ 
DroK«nlin€  curv«9- Formulo:   r •  €|  «  (p-€|) ^ ^^^^ 

119.  Tensioii  Splices. — The  tension  splice  in  timber  building  construction  occurs  usually  in 
the  lower  chord  of  a  roof  truss.  This  detail  is  probably  the  most  troublesome  to  design  and 
frame  efliciently  of  all  timber  joints.  A  detail  that  is  efficient  on  paper  is  often  very  unsatis- 
factory when  viewed  in  the  field.  Any  detail  that  depends  for  its  action  on  the  simultaneous 
bearing  of  more  than  %\90  contact  faces  is  to  be  avoided  if  possible,  although  it  is  often  impracti- 
cable to  so  limit  the  design.  Again,  that  detail  which  is  so  designed  that  the  bearing  faces  of 
splicing  members  and  the  bearing  faces  of  the  spliced  or  main  timbers  may  be  pulled  together  in 
the  field  after  the  joint  is  framed,  has  a  very  decided  advantage  over  any  other  type  of  tension 
splice.  The  ideal  splice,  just  described,  wiU  be  found  to  give  a  low  efficiency  when  measured  in 
terms  of  effective  area  of  main  timbers  for  resisting  tension.  However,  in  many  cases,  such  in- 
efliciency  may  well  be  allowed,  in  order  to  secure  certain  definite  action  of  splice  joint.  Impor- 
tance of  the  connection,  cost  of  materials,  quality  of  workmanship  to  be  anticipated,  possibility 
of  only  occasional  or  no  inspection  after  completion,  are  all  factors  that  should  be  carefully 
considered  before  deciding  upon  the  particular  type  of  tension  splice  to  be  adopted. 

ij?ntf.  New,  vol.  68,   No.  5.  and  vol.  68,   No.  10. 
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The  following  typee  of  tension  splices  will  be  consideTed  and  a  detail  joint  of  each  type  de- 
veloped for  a  typical  exampte: 


It  will  be  assumed  that  a  6  X  8>in.  Douglas  fir  stick  must  be  spliced  to  safely  stand  a  total 
stress  of  40,000  lb.  Specifications  of  steel  etructures  often  call  for  the  detail  of  splice  to  be  of 
sufficient  atrength  to  develop  the  strength  of  the  members.  The  same  specification  may  be 
applied  to  the  timber  joint,  althoi^h  it  is  customary  to  design  the  splice  for  the  computed  stress 
in  the  member. 

For  the  case  under  diHcuBsion  the  aafe  working 
fitresa  in  the  timber  for  tonsion  will  be  taken  at  1500  lb. 
per  sq.  in.     The  required  net  area  for  tension  is 

40,000      „  ^ 
therefore  -j^  =  26,7  sq.  m. 

UOa.  Bolted  Fiah  Plate  Splice.— The 
bolted  fish  plate  splice  is  shown  in  Fig.  123.  The 
size  of  bolts  will  be  computed  in  accordance  with  the 

formula 
Fio.  123,— Bolted  wooden  Geb  pUte  eplice,  Af  =  HP{l'/2  +  t"/4) 

where  P  is  the  total  load  on  one  bolt;  ('  is  the  thickness  of  splice  pad,  or  fish  plate;  and  ("is 
the  thickness  of  main  timber  (see  Art.  114).  This  formula  assumes  the  load  on  each  bolt  to  be 
uniformly  diatnbuted  along  tts  length. 

AHume  IH-io.  boltB.  and  Bplioe  pbtea  3  X  Sia.  With  bolta  iiwced  in  psira.  the  net  width  otipIi«  pirte  will 
than  be  8  -  (3)  (IK)  -  *H  in-  The  requirwl  thioknen  of  one  pLnU  is  then  ^  -  2.67,  ehowiii(  that  m  3-in. 
thiekneu  u  auSoieat.  Aasums  S  bolts  required.  Hie  load  on  one  holt  ia  then  40,000/0  -  esST  lb.  The  bvodinc 
moment  DO  one  bolt  is  (fle67/Z)(H  X  3  +  H  X  a)  -  10.000  ia.-lb.  With  ft  aeiuriU  ttreaaof  24,000  lb.  per  eq.  in., 
e  bolt  -  10,000/24,000  -  0.41S  in.,  ud  the  required  diameter  of  bolt  - 


an»-hall  the  smount  allowf 
be  taken  u  the  aum  al  (a) 
dietanee  ^ving  required  ar 


or  dlatanee  O] 
Diameter  of  bolt  (e).. 
Minimum  apuing  of  t 


10,000, 

'24,000  -  0.416  in..  an< 

alaesti 
diatuir 

Dnofboit-^jgjgjiQj 
e  bet»e«n  holts  must  ae 

neion,  i 

ary  for  ah™rin,  idans  tl 
ind  (0  diameter  of  bolt. 

to  OM  0». 

lUb.  Modified  Wooden  Fish  Hate  Splice. — In  the  modified  wooden  fish  plate 
splice,  the  siie  of  bolts  will  he  reduced  to  1  in.,  and  the  value  of  each  bolt  taken  at  2ft5G  lb., 
in  Biccordance  with  the  values  of  Table  21,  p.  244. 

,    40,000 


LAS  in. 
0.32  In. 


14  1-iD.  bolta  wiU  be  uaed.  giving  a  load  of 

SpMJDg  Of  bolta: 

(a)  IHatance  required  for  the 
0)  DisUnee  required  for  trai 

IB. 

2857  lb.  per 

2857 
"  (ISO) (12) 
aaveree  tenaic 

bolt. 

^        (2887)  (a  1) 
"          (160)(8) 

Sp«ing  ol  bolta  will  be  mi 

>de3in.     Thed 

etailiaahow. 

.  in  Fig.  124. 
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111k.  Bolted  Steel  Fish  Plate  Splice. — Fig.  125  shows  a  bolted  steel  fish  plate 
splice.  The  bending  in  the  bolts  is  reduced  from  that  in  the  first  type,  due  to  the  smaller 
lever  arm.  The  section  of  steel  plate  must  be  sufficient  for  tension,  and  for  bearing  on  the  bolts. 
Otherwise,  the  computations  are  similar  to  those  of  the  bolted  fish  plate  splice. 

40  000 
Net  section  of  steel  plate  -  15*000  "  ^*®^  '^*  "** 

Assume  two  lH->n.  bolts  in  pun.     Then  net  width  *  (2)(lH6)  ~  4.876  in.,  and  required  thickness  is 

2.87 

0.28  in.,  requiring  a  H  s-in-  plate.     Assume  six  bolts.     As  before,  each  bolt  must  take  6667  lb.    The 


(2)  (4.876) 

minimum  diameter  of  bolt  required  with  a  H«-in.  plate  at  16,000  lb.  per  sq.  in.  in  bearing  Lb  ^  in.    Assuming  a 


f^BBISBEWaBBBggBT^ 


> 


H-f^Oo^ 


E 


*|rt^  ^n*  tfV- tfV  5>|*  5^  tfV^ 


/t'/i^Bo/fs 


\ 


f'^-ji'jra'fhkS'SU'' 


yxer 


ol-^El^{2l-^j^g\ia\d 


PS" 


Fio.   124 — Modified  wooden  fish  plate  splice. 


Fio.  126. — Bolted  steel  fish  plate  splice. 


6667> 


uniform  distribution  of  pressure  along  the  length  of  bolt,  the  bending  on  bolt  -  (~~2~)  (HXK«+KX6)" 
6520  in.-lb.    At  24.000  lb.  per  sq.  in.,  the  required  diameter  of  bolt  from  Table  18  is  seen  to  be  IH  in* 

ftltA7 

The  unit  pressure  of  the  bolt  on  the  ends  of  the  fibers  is  /t  375H6^  ~  ^^^  ^'  ^'^  '^'  ^'    "^^^  spacing  of  bolts 

may  be  figured  as  before,  and  wiU  be  less  than  that  computed  in  the  detail  of  the  bolted  fish  plate  splice  by  the 
difference  in  diameter  of  the  bolts.    The  spacing  will  be  made  6  in. 

119d  Tabled  Wooden  Fish  Plate  Splice.— The  detail  of  a  tabled  wooden  fish 
plate  splice  is  shown  in  Fig.  126.  The  points  to  be  investigated  in  this  detail  are:  (1)  net 
section  of  main  timber  and  splice  pad;  (2)  bearing  between  splice  pad  and  main  timber;  (3) 
length  of  table  of  fish  plate  for  shear;  (4)  tension  in  bolts;  and  (5)  possibility  of  bending  on 
splice  pads  if  bolts  become  loose  because  of  shrinkage  of  timbers. 

Net  section  of  main  timber  required,  as 

before 
Net 

before. 

Allowing 

fish  plate  -  ^g  1  \\^\  ■  2-*^  "*• 

Total  bearing  area  required  between  fish 

1  *        A       •     *•    u  40,000 

plate  and  main  timber  — 


.  26.7  sq.  in.  V(^>r--fiS' H^^ 't~'''^lZSr'^liC  '^' 

et  section  of  fish  plate   required,    as  .a^        .a.         "^     .a.  ^/aay      a  jrl    a. 

40.000      ,„.  ,^; 1^ — ^^     ti  T  'ii  T        XT  -  r  r^  . 

•  (2)0500) - *3-* •^- '»•  >^  ii  ^lJ-^H'=^^  iTi!  ^^Tk 

llowing  for  two  fi-»n-  bolts,  net  depth  of  "^ ili k r^'sT    !i      X''^^        1         1! 1  :;      i^C 

.to  _  .,^i2JU  _  2^  in.  1*^ i^ *  y  — »         * 


*S*    Mlf^** 


1600 
Depth  of  cut  into  main  timber 


«sq.in.^^j|^gj 


(8)  (2) 
1.67  in.     Depth  will  be  made  1^  in.     It 
will  be  necessary  to  use  an  8  X  8-in.  timber, 
instead  of  a  6  X  8-in.  stick,  with  4  X  8-in.  fish  plates. 
Total  net  depth  of  fish  plate  2^  in* 

Shearing  area  required  for  table  of  fish  plate 


Fig    126. — Tabled  wooden  fish  plate  splice. 
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(2H150)  "  ^^  ****  *"*     ^"****  °^  table  —  -g-  —  17  in. 
The  action  of  this  joint  produces  a  bending  moment  in  the  fish  plate  which  must  be  resisted  by  the  bolts.     The 
resultant  stress  in  the  fish  plate  acts  at  the  center  of  the  uncut  portion,  while  the  resultant  of  the  pressure  between 
fish  plate  and  main  timber  is  at  the  center  of  the  table.     This  couple  produces  a  moment,  in  this  case,  of 

(20,000)(H)(234  +  IH)  -  40.000  in.-lb. 

The  lever  arm  of  the  bolts  in  the  center  of  the  table  about  the  end  of  table  is  8H  in.     Using  two  bolts,  the  stress  in 

40,000 
each  bolt  is  ,nx)a%y^  —  2363  lb.     A  H~in.  bolt  is  sufficient  for  this  stress,  but  bolts  less  than  M-in*  diameter  are 


(2)(8H) 
not  advisable  in  a  timber  joint.     The  required  area  of  washers  is 


2353 
350" 


6.72  sq.  in.,  which  area  would  be  supplied 


by  a  3-in.  oiroular  washer.    The  washers  shown  are  square  steel  ^g  X  3^£  X  3^^  in. 
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If  the  timber  should  ahrink  and  the  bolta  remain  looee,  each  fish  plate  would  be  subjected  to  the  full  bending 
of  40,000  in.-lb.,  except  as  the  friction  of  the  ends  of  the  table  against  the  main  timber  might  reduce  such  bending. 
The  section  modulus  of  the  net  section  of  fish  plate  is  0«)(8)(2>^)s  _  6.75  (oorreot  for  two  bolts).    The  extreme 

40.000 
fiber  stress  due  to  bending  would  then  be   |.'-.    —  5926  lb.  per  sq.  in.    To  this  stress  must  be  added  the  uniform 

tensile  stress,  which  is  /ow'oi/\  —  1110  lb.    The  maximum  fiber  stress  would  therefore  be  7036  lb.  per  sq.  in.,  an 

amount  nearly  equal  to  the  ultimate  strength  of  the  timber.  For  this  reason,  the  joint  should  be  well  spiked  to- 
gether, and  in  particular  the  fish  plate  should  extend  at  either  end  beyond  the  table,  to  allow  a  number  of  spikes  to 
be  driven  here.  If  the  out  at  the  ends  of  the  tables  be  made  with  a  bevel  towards  the  center  of  the  joint,  the  same 
result  will  be  obtained. 

1190.  Steel-tabled  Fish  Plate  Splice. — The  most  economical  and  practical 
detail  of  the  steel-tabled  fish  plate  splice  consists  of  steel  splice  plates  with  steel  tables  riveted 
to  the  plates,  as  shown  in  Fig.  127.  The  points  to  be  investigated  are:  (1)  necessary  net  area 
of  plate  to  resist  tension;  (2)  required  thickness  of  tables  to  keep  the  bearing  of  tables  against 
the  ends  of  the  fibers  of  the  timber  within  the  safe  working  stresses ;  (3)  number  of  rivets  between 
tables  and  fish  plate;  (4)  distance  between  table,  limited  by  longitudinal  shear  in  the  timber; 
and  (5)  bolts  required  to  hold  tables  in  the  notches  in  the  timber. 

The  6  X  8-in.  main  timber  will  be  sufficient  for  this  type  of  splice. 
Net  area  of  steel  plates  -  jg  ^  -  2.67  sq.  in. 


d^r- 
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Fia.  Id7. — Steel-tabled  fish  plate  spUoe. 


Fig.  128. — Tenon-bar  splice. 


Assume  3  rivets  in  one  row.     Then  net  width  of  plate  is  8  —  (3)(^)  -  5.76  in.,  and  required  thickness  of 
2.67 
plate  ig  /Qx  /g  yg\  ■*  0.23  in.     A  |^-in.    plate  will  be  sufficient  for  tensile  strength.     Bearing  area  required  for 

40,<X)0 

tables    —  ~i60(r    "  ^*  '**'  "** 

26 
Assume  4  tables  on  each  fish  plate.     Required  total  thickness  of  tables  is  ..>  .».   =  0.78  in.    Make  the  depth 

(*)  (8)  "^ 

*Hs  in.  -  0.815  in. 

Rivets  required  in  each  table,  limiting  value  of  one  ^-in.  rivet  in  bearing  at  20,000  lb.  per  sq.  in.  on  3^ -in 

plate  being  3750  lb.  •■  (4)  (3750)  "  ^•®^- 

Use  three  rivets  and  make  table  ^Hs  X  3  in. 

The  distance  between  end  of  main  timber  and  first  table,  and  the  distance  between  tables,  must  be  sufficient 

40.000 


for  longitudinal  shear  in  the  timber.     Total  shearing  area  required 
267 


150 


.—  "  267  sq.  in.     Distance  between 


tables  - 


'«  8.35  in.    Call  this  distance  9  in.,  making  the  distance  center  to  center  of  tables  12  in. 


(4)  (8) 

As  in  the  case  of  the  wooden  fish  plate  splice,  the  bending  moment  to  be  resisted  by  bolts  is  the  load  trans- 
mitted by  one  table  times  one-half  the  combined  thickness  of  fish  plate  and  table,  or 

M  -  (10,000)  (H)(»Hs  +  H)  -  5300  in.-lb. 
Two  bolts  will  be  placed  against  the  outer  edge  of  table,  making  the  lever  arm  of  the  bolts  3M  in.     The  stress  in 

one  bolt  is  then  Tol^^Tq?  ""  ^^  '^'     "^^^  K-in.  bolts  will  be  used  for  each  table. 

119/.  Tenon  Bar  Splice. — The  tenon  bar  splice  is  one  of  the  oldest  splices  uesd, 
though  not  seen  so  frequently  today  as  formerly.  It  is  probably  the  simplest  and  most  effective 
tension  splice  that  can  be  made.  The  detail  is  shown  in  Fig.  128.  The  points  to  be  computed 
are  (1)  size  of  rod  for  tension;  (2)  width  of  bar  for  proper  bearing  against  the  timber,  and  also 
for  the  hole  for  the  rod  passing  through  the  ends;  (3)  depth  of  bar  for  bending;  (4)  distance 
of  bar  from  end  of  timber  to  provide  sufficient  bearing  area;  and  (5)  net  section  of  timber.  To 
give  general  stiffness  to  this  joint,  Fig.  128  shows  the  addition  of  two  2  X  8-in.  splice  pads  bolted 
with  ^-in.  bolts. 
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Ad  S  X  S-JD.  mtio  timbw  will  ba  uaumed.  Si»  of  rod  >r«a  required  -  rjui^^gm  ~  1-^"  xi- 
lod  bM  u  Bran  o(  1.39G  iq.  in.  at  the  root  of  thnwd,  and  (big  die  rod  will  be  uwd.  '  BinFs  thu  rod  i 
•t  luoh  B  dkUniw  from  the  timbBr  that  the  nuts  uuLy  be  tisbt«ned,  snd  Biniie  it  is  deurable  ta  keei 
the  bu-  u  unall  *■  poaaibie,  haniconal  nuts  will  be  lued.  (It  ia  obvioiu  that  tha  bendina  momeot 
orVBiaa  with  the  divtancni  brtwsea  eenter  tinea  of  roda.)  The  long  diameter  o[  a  lii-ax.  bsiasoaal 
bwig*  tba  diatanoe  from  the  aide  ol  timbar  to  the  center  line  of  rod  will  be  made  IH  in. 

Sbe  at  bar  required:  The  pceaaure  of  the  timber  aaainat  the  bar  will  be  aatumad  ta  be  unifDn 
baiidinsnomeDtoDth«bwwillbe(20,000)(IH  +  >i  X  S)  -  (za.DW)(3H)-  70,000  ia.Jb.  Uain 
<d  34,000  lb.  per  aq.  la.  Is  bendintf.  ainee  the  bar  ia  a  abort  beam,  tha  leQuiied  aectiou  modulua  ia  -„. 
The  bearing  area  required  it  -j^qq  -  2S  aq.  in.  The  miuirad  width  of  b*r  ii  tbeietDre  g  -  I 
■  3-in.  bar  ia  a  atoak  liaa,  a  width  of  3  in.  will  be  uaed.  Thla  width  will  give  a  full  bearing  for  the 
•nd  will  allow  IK*  in.  of  metal  on  ew^h  aide  of  the  hole.  If  n  e  X  »in,  timber  were  uwd.  the  req 
bmz  would  be  *yi  in.,  vbieh  would  rednoe  the  aeotion  of  timber  below  the  allawable. 

The  depth  of  bar  must  now  be  eomputed.  The  aeotion  moduiua  Hl>^  —  2.92  in.,  whan  d  - 
'^^^^  -  V&M- a.i  ia.     The  bar  aiae  wiU  be  t&ken  at  2K  X  3  X  14  in. 

Tha  ihearing  area  required  between  the  bar  and  end  of  timber  ia  "jjg'  -  iB7  aq.  in.     The  diatanoe  required 
betveaa  the  bar  and  and  of  timber  ia  therefore  ■f~7g,  —  Ifl.S  In.,  ny  17  in. 

llOff,  Shear  Pfn  Splice. — In  the  shear  pin  splice,  the  6  X  8-in.  main  timber  will 
be  sufGcient.  IUh  splice  ia  shown  in  fig.  129.  The  Ftress  is  transmitted  acroes  the  joint  by 
means  of  the  oircni&r  pins  of  hardwood  or  steel. 
nese  pins  aie  driven  in  a  bored  hole  with  a  driving 
fit  for  the  pins.  The  joint  is  a  comparatively  easy 
one  tn  frame.  The  bolts  take  some  tension,  due  to 
the  couple  of  the  farces  acting  nn  the  luns.  lite 
working  values  for  the  pins  are  taken  from  Art.  117. 
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'lo.  120.— Bhear  pin  splice. 

Dim  will  be  uaed. 

eei,  or  30,000  lb.  Eight  H-in.  bidta 
will  be  uaed,  giviog  a  workioi  value  of  3500  lb.  per  bolt.  The  bolti  wUl  be  plaoed  in  pain,  endways  between 
the  piu.    The  pioa  wiU  be  plaoed  5-in.  eentera 

130.  General  Comparison  of  Tension  Splicea.-~The  tenon  bar  splice,  when  it  can  be  used, 
is  to  be  recommended.  It  is  direct  in  its  action;  shrinkage  of  the  timber  cannot  destroy  its 
efTectivencaa ;  there  being  but  one  bearing  surface,  the  splice  will  surely  act  aa  designed;  the 
two  sections  of  timber  can  be  drawn  tightly  together  in  the  field;  and  the  aplice  is  almost 
fool-proof. 

The  wooden  tabled  fiah-i^te  splice  is  also  effective  where  there  is  but  one  table  in  each 
apiice  pad  either  side  of  the  joint.  In  thoee  joints  where  more  tables  are  necessary,  however, 
there  enters  at  once  the  possibility,  Eind  even  the  probability,  that  all  the  contact  faces  will 
not  act  simultaneously.  In  other  words,  the  effectiveness  of  the  splice  in  such  a  case  depends 
wholly  on  the  skill  and  care  in  workman^p.  In  this  detul,  also,  shrinkage  of  the  timber  adds 
an  uncertainty  aa  to  the  strength  of  the  joint. 

The  bolted  steel  fish  plate  splice  makes  a  neat  appearing  splice  for  exposed  work,  and  is 
much  in  favor  on  that  account.  For  a  moderate  streee  in  the  timber  to  be  spliced,  it  is  fairly 
oconomieaL 

The  steel  tabled  flah  plate  splice  is  open  to  the  same  objection  as  the  wooden  tabled  splice. 
Tlie  bearing  surfaces  of  the  steel  tables  are  very  likely  to  be  uneven,  making  a  close  fit  between 
steel  and  timber  almost  impossible.    On  paper,  the  joint  is  neat  and  effective  and  adautable 
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to  alinoet  any  case.  Unless  rigid  inspection  in  the  shop  and  field  is  maintained,  the  actiuU  joint 
is  likely  to  be  disappointing.  The  bearing  edges  of  all  tables  should  be  milled ;  the  bales  in  the 
tables  should  be  drilled,  and  tight  riveting  secured.  Careless  and  inferior  workmanship  in  the 
steel  shop  on  the  metal  splice  plates  is  to  bo  expected. 

The  shear  pin  splice  is  effective  and  simple;  its  greatest  drawback  is  the  effect  of  shrinkage 
in  the  timber  which  will  allow  the  pins  to  become  loosened.  This  splice  should  not  be  used 
with  unseasoned  or  partially  seasoned  timber,  unless  it  is  absolutely  certain  that  the  bolts  will 
be  kept  tight  as  the  timber  secisonB. 

The  bolted  wooden  splice  is  effective,  but  cumbersome,  and  unsuited  for  targe  stresses, 
due  to  the  unusual  size  of  bolts. 

The  modified  wooden  bolted  splice  is  satisfactory  for  comparatively  small  stresses  and 
when  rigid  inspection  can  be  counted  upon  to  see  that  the  bolts  are  driven  in  close  fitting  holes. 
For  ls,Tg<s  stresses,  the  required  number  of  bolts  will  be  excessive. 

Architectural  appearances  may  prohibit  certain  types  of  splices  as  being  unsightly.  The 
bolted  steel  fish  plate  splice  and  the  tabled  steel  fish  plate  splice  are  the  neatest  in  appearance, 
and  for  this  reason  are  extensively  used  in  exposed  work. 

131.  Compression  Splices. — Compression  splices  naturally  divide  into  two  divisions: 
(1)  those  joints  which  take  only  uniform  compression  at  all  times,  and  (2)  those  joints  which, 
while   compression   is  the   principal   stress,  may  be 
called  upon  at  some  time  to  take  either  flexure,  or 
tension,  or  a  combination  of  both. 

Some  of  the  compression  splices  used  in  construc- 
tion arc  shown  in  Fig.  130.  The.se  joints,  in  the  order 
lettered,  are  (a)  the  butt  joint,  (6)  the  half  lap,  and 
(c)  the  oblique  scarf. 

The  butt  joint  differs  from  all  the  other  joinia 
in  that  it  has  but  one  surface  of  contact.  For  this 
reason,  it  is  superior  to  all  the  others,  where  uniform 
compression  alone  is  to  be  transmitted.  The  efficiency 
of  all  the  other  joints  depends  wholly  upon  the  skill 
and  care  of  the  carpenter  who  frames  the  joint.  In 
(7>>  (c)         other  words,  the  butt  joint  for  the  condition  named 

I.  laa— Comprtsion  spHccs.  is  the  simplest,  and  therefore  the  best.     Indeed,  the 

splice  plates,  if  bolted,   or  bolted  and  keyed,  may 
make  the  butt  Joint  suitable  for  carrying  both  tension  and  flexure. 

The  obUque  scarfed  splice  is  stronger  in  flexure  than  the  half  lap.  In  the  half  lap  joint, 
however,  there  is  more  timber  in  straight  end  bearing  than  in  the  oblique  scarf. 

In  constructing  compression  joints  in  timbers  which  are  vertical  in  position,  the  bolts 
through  one  end  of  the  splice  pads,  if  such  exist,  should  be  placed  after  the  upper  timber  has 
come  to  a  bearing  on  the  lower  timber;  otherwise  the  bolts  may  receive  a  heavy  load  before  the 
timbers  come  to  a  full  bearing. 

122,  Connections  Between  Joists  and  Girders. — When  possible,  joists  should  rest  upon 
the  tops  of  girders,  and  not  frame  into  the  sides  of  the  girdere.  The  former  construction, 
however,  involves  a  loss  in  head  room  in  a  buildii^,  increased  height  of  building  walls  and 
columns.  It  also  involves  more  shrinkage,  since  the  shrinkage  is  directly  proportional  to  the 
depth  of  timber.  In  the  case  of  a  building  with  masonry  walls  and  timber  interior,  the  construc- 
tion of  joists  resting  upon  the  girders  will,  with  green  or  unseasoned  timber,  result  in  unequal 
settlement  of  the  floors.  The  inner  ends  of  the  outer  floor  bays  will  settle  the  amount  of 
shrinkage  of  joist  plus  girder,  while  the  outer  ends  will  settle  only  the  amount  of  shrinkage 
of  the  joiata,  since  the  joists  frame  directly  into  the  masonry.  The  considerations  of  equal 
settlement  and  gain  in  building  height  will  usually  dictate  the  use  of  joist  hangers  in  a  building 
with  heavy  masonry  walls. 

In  a  building  of  the  mill-building  type  with  wall  posts  and  girders,  and  corrugated  steel 
or  wooden  sheathed  walls,  the  increased  height  due  to  framing  the  joists  on  top  of  the  girders 
wilt  be  offset  by  the  saving  in  the  cost  of  joist  hangers. 
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The  joists  should  extend  over  the  full  width  of  girder,  and  be  toenailed  into  the  girders. 
When  the  joists  break  over  the  girders  they  should  lap  at  least  12  in.  and  be  well  spiked  together. 
Solid  bridging  of  a  depth  equal  to  the  depth  of  the  joists,  and  of  a  width  not  less  than  2  in.,  is 
usually  placed  between  the  joists,  and  directly  over  the  center  of  girder.  Such  bridging  holds 
the  joists  firmly  in  position,  and  also  acts  as  a  fire  stop.     This  construction  is  shown  in  Fig.  131. 

122a.  Joists  Framed  into  Girders. — In  very  light  construction  the  joists,  when 
framed  into  the  sides  of  a  girder,  are  sonietimes  only  toenailed.  In  other  cases,  especially 
when  the  joists  frame  into  only  one  side  of  the  girder,  such  girder  built  up  of  several  vertical 
pieces,  the  outer  piece  is  spiked  into  the  ends  of  the  joists,  as  in  Fig.  132.  All  such  joints  are 
makeshifts,  and  extremely  unreliable.  As  has  been  pointed  out  in  a  previous  article  (see  Art.  Ill), 
nails  driven  into  the  ends  of  timbers — i.c.,  parallel  to  the  direction  of  fibers — ^have  a  low  strength. 
Further,  there  is  always  the  danger  of  the  nails  thus  driven  causing  the  joists  to  split. 

Sometimes  a  strip  is  nailed  or  bolted  to  the  sides  of  the  girder,  upon  which  the  joists  rest, 
as  in  Fig.  133.  If  properly  designed,  such  strips  will  be  not  less  than  4  in.  wide  and  4  in.  deep, 
bolted,  not  nailed  to  the  girder.  The  bolts  shoidd  be  sufficient  in  number  to  take  the  reaction 
of  the  joists,  and  should  be  not  less  than  2^  in.  from  the  bottom  of  girder. 

Dlostrative  Problem. — Qiven  a  floor  bay  14  X  16  ft. ;  live  load  of  60  lb.  per  sq.  ft. ;  girders  emtnning  the  shorter 
side  of  the  floor  bay.  Assume  'double  thickness  of  flooring  1-in.  T  and  O  finished  floor  over  1-in.  rough  floor. 
Working  fiber  stress  is  flexure  1600  lb.  per  sq.  in.;  working  unit  stress  in  longitudinal  shear  150  lb.  per  sq.  in.; 
working  unit  stress  in  cross  bearing  300  lb.  per  sq.  in. 


Fig.  131.  Fia.  132.  Fio.  133.  Fig.  184. 

Weight  of  floor  construction,  exclusive  of  girders: 

Flooring 6 

Joists 6 

Bridging 1 

Total  dead  load 12 

live  load 60 

Total  load 72  lb.  per  sq.  ft. 

With  joists  16-in.  oenters.  and  counting  the  clear  span  for  joists  as  15  ft.,  the  following  figures  result: 
loXaX  load  on  one  joist  -  (15)(lH)(72)  -  14401b. 
Bending  moment  »  (H)  (1440)  (15)  (12)  -  82,400  in.-lb. 

Required  section  modulus  ■»  -j^qq   ■  20. 

Assume  joist  2  X  10  in.,  actual  section  \%  X  0|^,  actual  section  modulus  24.44. 

For  a  15-ft.  span,  this  sise  is  the  minimum  for  deflection.     In  the  computation  for  girder  sise,  the  live  load 
may  be  reduced  20  %.  making  total  load  60  lb.  per  sq.  ft. 

Load  -  (14)  (16)  (60)  -  13.4401b.     M  -  (>^)  (13,440)  (14)  (12)  -  282.000  in.-lb. 

Required  section  modulus  =■  5  »=     iaqq    "  ^^®' 

An  8  X  14-in.,  finished  section  7H  X  13H>  has  a  section  modulus  of  227.8.     An  8  X  12-in.  girder,  finished 
sise  7K  X  llMi  would  have  a  section  modulus  of  165  under  the  required  amount.     The  reaction  of  one  joist  is 

720 
720  lb.,  requiring  a  bearing  area  of  »qX  =  2.4  sq.  in.     The  bolting  strip  will  be  4  X  4  in.     %-\a..  bolts  will  be  used. 

and  the  working  load  per  bolt  will  be  taken  at  900  lb.>    Since  the  load  per  linear  foot  of  girder  is  16  X  60  «  960 

900 
lb.,  the  bolts  must  be  spaced  ggQ(12)  —  11  in.  centers,  or  13  bolts  per  girder. 

In  the  above  illustrative  problem,  the  depth  of  joist  plus  the  depth  of  bolting  strip  just 
equals  the  depth  of  girder.  This  relation  does  not  always  hold,  as  girder  depth  is  often  but 
little  more  than  the  depth  of  joist.  To  avoid  having  the  bottom  of  joists  lower  than  the  girder, 
joists  are  often  notched  as  shown  in  Fig.  134.  Such  construction  is  not  good,  since  the  strength 
of  the  joists  is  greatly  reduced  by  notching.  The  joists  tend  to  split  in  the  comer  of  the  note! 
due  to  the  difference  in  stiffness  on  either  side  of  the  vertical  cut. 

>  From  Table  21,  p.  244,  %Axi.  bolt  "double  shear  "  with  4  and  8-in.  timbers,  good  for  1465  lb.  in  end  beari 
For  Bide  bearing,  safe  load  -  H  X  1465  -  916  ib. 
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In  some  oases,  tlie  ends  of  the  joists  are  framed  with  t«nons  fitting  into  sockets  or  rBceasea 
out  into  the  girder.  Ilus  type  of  fTaming  is  to  be  condenmed  on  account  of  the  serious  weaken- 
ing of  both  joist  and  girder. 

ISSb.  Joist  Hangers. — ^The  most  s&tiefactory  manner  of  framing  joists  into  the 
sides  of  girdeiB  ia  by  the  use  of  joist  hangera.  There  are  many  stock  typca  of  these,  among 
which  may  be  named  the  Duplex,  Van  Dom,  Ideal,  Iiane,  National,  and  Falls.  Some  of  these 
different  types  aie  shown  in  Figa.  135  to  138  inclusive.  A  stock  joist  hanger  should  noc  be 
used  without  investigating  carefully  its  strength  and  the  amoim.t  of  bearing  given  to  the  joist. 
Referring  to  the  figures  illustrating  the  different  types,  the  fact  should  be  not«d  that  the  Duplex 
hanger  will  result  in  less  settlement  of  floor  than  any  of  the  other  types,  since  the  connection  of 


this  hanger,  unlike  all  the  others,  is  on  the  side  of  the  girder,  and,  hence,  is  affected  by  the 
shrinkage  of  one-half  instead  of  the  whole  depth  of  girder.  The  published  tests  of  joist  hangers, 
as  given  in  the  various  manufacturers'  catalogs,  will  bear  dose  scrutiny.  Often  in  the  effort 
to  prove  the  merits  of  the  particular  hanger,  the  exact  loads  carried  by  one  hanger  ate  not  always 
clear.  Sometimes,  also,  hardwood  is  employed  in  the  tests,  in  order  to  avoid  failure  of  the 
joist  by  crushing  of  the  fibers.  The  Duplex  hanger  unquestionably  has  many  advantages  over 
other  hangers.  It  is  practically  certain  that  all  the  other  hangers  will  fail  by  the  hooks  over 
Uie  gilder  crushing  the  fibers  of  the  timber  on  the  comer  of  the  girder  and  then  straightening 
out. 

ISSe.  Connection  of  Jtrist  to  StotA  Girder.— When  steel  girders  are  used  with 
timber  floor  joists,  the  types  of  connection  are  similar  to  those  discussed  for  nooden  girders, 


i.e.,  the  joists  may  frame  on  top  of  the  steel  girder  (usually  an  I-beam)  or  into  the  aide  of  the 

Buildings  with  this  combination  construction,  in  which  the  joists  simply  rest  on  top  of 
the  I-beams,  without  any  attachment  whatever,  are  sometimes  seen.  In  such  cases,  the  I- 
beom  is  supported  laterally  only  by  friction  between  the  timber  and  steel.  Iliie  practice  is  to 
be  avoided.  To  secure  a  definite  connection  between  the  joists  and  girder,  a  wooden  strip  may 
be  bolted  to  the  top  flange  of  the  I-beam,  and  the  joisfs  toenailed  to  this  wooden  strip,  as  in 
Fig.  139.  The  principal  objection  to  this  construction  is  the  weakening  of  the  I-beams  from  the 
holes  punched  through  the  flange. 

When  the  joists  frame  into  the  sides  of  the  I-beams,  thcyareoften,  for  light  loads,  supported 
by  the  lower  flanges  of  the  I-beam,  as  in  Fig..  140.  Obviously  the  weak  point  of  thia  detail  is 
the  small  bearing  of  the  joist  on  the  steel.  To  overcome  the  difficulty,  timbers  may  be  cut  to 
rest  snugly  against  the  flange  and  web,  and  bolted  through  the  web.  The  joists  may  then  be 
nailed  into  these  timber  strips,  as  illustrated  in  Hg.  141,    The  supporting  timber  should  be  of 
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sufficient  width  to  extend  under  and  beyond  the  vertical  cut  of  the  notch  in  the  joist  for  the 
upper  flange. 

A  serious  difficulty  in  constructions  of  this  nature  is  the  problem  of  supporting  the  flooring 
over  the  upper  flange  of  the  I-beam.  If  such  flooring  rests  on  the  joists  and  the  upper  flange 
of  the  I-b€»m,  the  shrinkage  of  the  joists  will  produce  a  high  place  in  the  floor  over  all  the  steel 
beams.  To  overcome  this  difficiilty  small  strips,  say  of  IM  X  2-in.  timber,  maybe  spiked  to  the 
sides  of  the  joists  to  carry  the  floor  over  the  girder. 

Joist  hfuigeis,  notably  the  Duplex  and  Van  Dom  hangera,  may  be  obtained  for  connection 
between  timber  joists  and  steel  girders  (see  Figs.  142,  143,  and  144).  The  method  of  support 
shown  in  Fig.  141,  however,  will  be  found  very  satisfactory  and  generally  cheaper  than  the  joist 
hangers. 


Fio.  142. — Van  Dorn 
I-beam  hanger. 


Fig  143. — Duplex  I-beam  hangar. 


Pio.  144. — Duplex 
I-beam  box. 


128.  Connections  Between  Columns  and  Girders. — The  connection  between  timber  col- 
umns and  girders  involves  consideration,  not  only  of  strength  of  columns  and  of  supports  for 
the  girders,  but  also  of  general  stiffness  of  the  building,  since  the  poets  and  girders  are  generally 
counted  upon  to  form  the  structural  frames  for  resisting  lateral  forces,  as  wind  and  vibration 
of  machinery.  Columns  always  splice  at  or  near  the  floor  lines,  hence  the  connection  of  girder 
to  column  includes  the  consideration  of  column  splice.  Continuity  of  the  columns  is  always  to 
be  sought,  both  from  the  standpoint  of  stiffness  and  reduction  of  shrinkage.  In  total,  the  ob- 
jects to  be  gained  in  the  connection  of  girders  and  post  are:  (1)  continuity  of  column  for  stiff- 
ness and  reduction  of  shrinkage ;  (2)  reduction  of  column  area  from  a  lower  story  to  an  upper 
story  as  determined  by  floor  load;  (3)  sufficient  bearing  area  for  girders  on  the  supports;  (4) 
continuity  of  girders  at  the 
colunm  for  stiffness;  and 
(5)  provision  for  girders 
releasing  from  column,  in 
event  of  a  serious  fire,  with- 
out pulling  the  column  down. 
All  these  provisions  are  not 
attainable  in  every  case,  and 
the  nature  of  the  building 
may  not  warrant  the  ex- 
pense of  securing  all  these 
objects. 

In  the  discussion  of  this 
subject,  a  distinction  must 
be  made  between  the  ordi- 
nary biiilding,  including  both  frame  biiildings  and  buildings  with  masonry  walls,  or  cor- 
rugated steel  walls,  and  the  special  type  of  building  known  as  ''mill  construction"  or  ''slow- 
burning  construction"  (see  chapter  on  "Slow-Burning  Mill  Construction " in  Sect.  3).  The  first 
class  consists  of  those  buildings  which  have  the  ordinary  joist  and  girder  construction,  either 
with  or  without  plastered  ceilings  and  interior  columns  encased  with  lath  and  plaster.  This 
class  will  be  treated  in  the  following  paragraphs;  the  details  for  the  special  type  of  "mill  con- 
struction" are  discussed  in  Sect.  3. 

For  the  purpose  of  illustrating  these  principles,  some  details  of  connection  of  columns 
and  girders  will  be  briefly  discussed.     Fig.  145  shows  three  defective  details,  which,  nevertheless, 
17 


Fig.  145. — Defective  details  of  column  and  girder  connections. 
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arc  often  seen.  It  is  almoBt  certain  th&t  in  Tin.  14S  (a)  the  girders  have  not  sufficient  bearing 
across  the  fibers,  and  that  with  full  load,  crushii^  will  result.  In  (b)  the  bottom  of  the  upper 
post  will  crush  the  fibers  of  the  upper  side  of  the  girder,  and  a  worae  condition  will  prevail  under 
the  bolster,  unless  the  latter  is  hardwood.  Even  then,  if  the  posts  are  not  working  at  a  very 
low  unit  atresB,  crushing  of  the  bolster  will  result.  The  shrinkage  in  both  (a)  and  (b)  will  be 
considerable,  and  nearly  double  in  (6)  what  it  will  be  in  (o).  The  detail  of  (c)  with  the  upper 
post  resting  on  a  hardwood  bolster  is  the  beet  of  the  three  details,  although  shrinkage  has  not 
been  eliminated. 

For  many  buildings,  the  details  shown  in  lilg.  146  will  provide  satisfactory  connections. 
All  of  the  desirable  conditions  enumerated  previously  are  fulfilled,  with  the  exception  of  release 
of  girders  in  case  of  fire.     The  vertical  bolster  blocks  are  set  into  the  lower  post  and  bolted,  or 
bolted  and  keyed  to  the  sides  of  the  column  with  circular  pins  or  with  rectangular  iron  keys. 
In  each  of  the  three  details,  the  girders  may  be  given  sufficient  end  bearing  by  properly  propor- 
tioning the  thickness  of  bolster  block; 
the  bolster  has  end  bearing  on  the  post, 
and  no  timber  in  cross  bearing  intervenes 
between  the  two  sections  of  post.     Partial 
continuity  of  post,  sufHcient  for  general 
BtifFness  of  building,  is  secured  by  means 
of  timber  splice  pads  in  detail  (c),  with- 
out sacrificing  the  girder  ties.     The  splice 
plates  of  Uie  girder  across  column  may  be 
of   steel.     This   will    avoid    the   use   of 
wooden  fillers    under  the  girder  splice 
^°im"^Sl;Sie^^™''    P*<^-     ^  further  modification  of.  these 
details  to  allow  the  girders  to  release  in 
case  of  fire  may  be  made  by  using  dog-irons  instead  of  the  girder 
splice  pads. 

The  section  of  bolster  is  to  be  determined  by  requiremonts  of 
girder  bearing;  the  amount  the  bolster  is  set  into  the  post  by  com- 
putations for  end  bearing;  its  length  should  be  not  less  than  12  in., 
and  preferably  not  less  than  16  in.  The  sise  of  bolts  may  be  deter- 
mined by  taking  moments  about  the  center  of  the  bearing  on  the  post. 
Tlie  keyed  and  bolted  bolster  is  proporUoned  as  for  the  ^ear-pin 
tenuon  splice, 

oblem  ot  Art.  ia3a.  Floor  boy  14  X  16  ft,  cirden  S  X  14  in.,  joutt 
le  the  dttiul  to  ocaur  at  the  teeoDd  Boot  ot  &  four  atory  building.  Tba 
lokd  in  tbe  upp«r  column  will  b«  taken  at  30.500  lb.,  the  Gnt  itory  column  will  tteo  tske  30,SOO  lb.  plug  tbe  second 
floor  lo»d.  Tbe  live  load  will  be  60%  ot  60  -  36  lb.  per  aq.  It.,  wbic^  with  a  dead  load  of  13  1b.  per  iq.  (t. 
will  civs  a  tatti  unit  load  or  48  lb.  per  gq.  tL,  and  a  total  increment  of  column  load  Cor  the  lecood  floor  of  10.800 
lb.  The  first  storr  column  load  wiU  then  be  41,300  lb.  The  upper  eolumo  gection  nUl  be  made  an  S  X  »-ii).. 
and  tba  lower  Mction  a  10  X  10  in.  The  girder  reaction  is  6720  lb.  (For  design  of  girder  and  its  lonnectiona. 
live  load  ii  80  per  cent.  (60)  -  48  lb.  par  sq.  ft.)  At  300  lb.  per  iq.  in.  the  required  bearing  and  thiekoees  of  bolster 
mmt  ba  2Z.S/7.5  -  3  In.    The  bolster  nie  will  be  made  SH  X  B>i  X  I  ft.  4  in. 

Tbe  requind  area  in  eod  bearing  is  j^gg  •  4.2,  or  with  ■  width  of  e>i  in.  thebolatermuBtbeKtintothepost 
4.2/9.5  -  0.44  Id.  Aotually  the  dip  will  be  made  H  i°.  Tbe  upper  bolta  will  be  placed  3  in.  below  bottom  of 
^rdsr.  TaUng  momenta  about  the  eenter  of  bearing  of  the  bolster  on  the  dap.  and  neglecting  the  lower  bolts, 
Jf-  (mx»l2ii)  -  18.500  in  .-lb.  This  overturning  moment  will  ba  reeiatedbyFompreesionoftnelowerportion 
of  the  bolster  oguoBt  the  post,  and  tension  in  the  two  upper  bolts.  This  pair  of  bolM  is  13  is.  above  the  seat  of 
the  bolster  in  the  post,  and  the  effeetive  lever  arm  ol  these  bolts  msy  ba  taken  at  ^  itf  their  height  above  the  bolster 
seat.     The  tension  in  either  of  the  two  bolts  ii  then 

'-iffiwife -•"»■■ 

Hie  marimum  intensity  of  preaaure  between  the  bolster  and  poat  need  not  be  invsatigatad.  aa  it  will  be  vary  small 


i.  S-123o]  STRUCTURAL  MEMBERS  AND  CONNECTIONS 


259 


Atteation  b  called  to  the  details  or  Pig.  146,  in  that  the  aonnal  spacing  of  the  joiata  has 
be«a  modified  at  the  posts,  to  bring  a  joist  either  side  of  the  post.  When  these  joists  are  either 
■piked  or  bolted  to  the  post,  and  in  addition  a  short  piece  of  joist  is  spliced  across  the  butt 
joint  of  the  joists  where  such  joint  oecura  at  the  post,  a  simple  and  inexpenvve  construction  is 
secured  which  ^ves  considerable  sUffneas  to  the  building  frame. 

123a.  Post  and  Girder  Cap  ConnectionB. — The  bolster  connectione  above  di»- 
ousaed  are  usually  impisctical  to  employ,  if  ceilings  exist,  as  the  bolster  will  project  beneath 
the  ceiling  line.  In  auch  cases,  and  in  other  caseswhere  the  above  construction  may  bedeemed 
unsightly,  metal  poat--capB  of  coat  iron,  wrought  iron,  or  steel  are  used.  Standard  post-cape, 
Daually  of  pressed  iiteel,  are  made  by  the  manufacturers  of  joist  hai^ia,  and  may  be  purchased 


Fia.  149.— Da^x  Mod  pctt  Mp. 

in  stock  aises.  Typical  details  of  girder  and  post  connections,  using  standard  post-caps,  are 
given  in  Rgs.  147,  148,  and  149  taken  from  manufacturers'  cataloga.  The  prices  of  these  caps 
baaed  on  the  unit  cost  per  pound  of  steel  are  rather  high,  and  it  may  often  be  possible  to  build 
up  structural  post-cape  that  will  give  satisfaction  at  a  lower  cost.  Sometimes  short  pieces  of 
I-beams  or  heavy  dumnels,  unsuited  on  account  of  length  for  any  other  purpose,  may  be  pur- 
chased cheaply,  and  used  for  post-cape  for  cases  in  which  it  is  only  necessary  to  frame  gilders 
into  two  opposite  sides  of  the- posts;  in  other  words,  in  the  case  of  a  two-way  connection. 

A  four-way  post-cap  is  one  which  provides  for  beams  on  four  sides  of  the  posts.     Four- 
way  post-^aps  with  joist  and  girder  construction 
always  result  in  unequal  settlement  of  the  floor. 

The  joists,  being  supported  on  or  by  the  girders,  ..,  .  ,. 

will  settle  on  amount  equal  to  the  shrinkage  in  the  ,  M  i  mI 

depth  of  the  girder,  while  the  joists  framing  into 
the  post  and  leaUi^  on  the  poet-cap  will  not  settle. 
Hie  uae  of  joist  hangers  between  joist  and  girder 
will  not  do  away  with  thia  settlement,  although 
the  use  of  that  type  of  hanger  which  connects  into 
the  approximate  center  of  the  girder  will  reduce 
the  settlement  to  that  due  to  the  shrinkage  of 
<xie-half  the  depth  of  girder. 

Cast-iion    post-caps   must  be  carefully  de- 
aigned  to  take  care  of  the  flexural  atresses.     A  „  ...  j   ■  j 

7*^     ,       _.  -  _,  .1  ■     TK       .en  Pio.  1  JO— Detsili  of  column  ■nd  girder  CO 

typical  cast-iron  post-cap  is  snown  in  £ig.  160.  «ith  apeciil  cui-iron  pon  op. 

DlDitniUTa  Problem. — Ahiusc  vrdor  12  X  le-in.  on  ■  14-ft.  ipao,  upper  atory  poat  13  X  12 in.  andlowa 
■tory  p«t  14  X  14  in.  TheutiuloMtian  of  dieddrder  will  be  IIH  >C  IfiH.  UsinRawarkinaitmsaf  ISOOlb. 
pnaq.  in..  Uw  ufe  IdhI  ia  36,400  lb..  My  40.00a  The  rasction  ia  then  30,000  lb.  AtSOOIb.  p«r  •q.ln.,then- 
qalnd  bwrinc  ana  i> -^^  -  STaq.  in.  With*  wldtDof  llHin.,  thecapmuattakTekHat  jj^  -  G.Sin.  Ions. 
■arOin-iandwillproiMtGin.  ontthelaeaof  thaU  X  lAoo.  poat.  The  moment  on  the  poal-cap  nay  be  aaaumed 
t«  be  a  Tnarimnm  at  Uie  edfe  at  the  upper  atory  po«.  with  a  valoe  Jf  -  (20,000)13)  •  60,000  In.-lb.  Foroaat 
iron,  the  worldox  unit  atrew  in  Benre  arill  be  taken  at  4000  lb,  per  aq.  in.  Tbe  taquired  aection  modnlua  at  cap 
miiat  therefore  ba  'jAjJ/  ~  ^S.  llie  aidea  el  sap  form  two  beama  of  rectangular  leetian  reaiatinf  thk  momoit. 
AaumingattiicknaiaotnietiUaf  lin.,  thedepthof  ndamuatbed  -  V(7H>Cfl)  -Win.  Th«  thickneaa  of  aaat 
moit  aow  be  Domputed.  With  a  uniform  beariuc  the  aeat  may  be  computed  aa  a  beam  with  fliad  enda.  or  Jf  - 
(Hi)(>ri);  the  prDJeDtdni  width  of  plate  ia  5  in.  The  load  on  thia  portion  ia  H  X  2a000  -  ltt,e6T  lb.  The 
lenfth  will  be  t^en  at  12H  'a>-  or  betwnn  the  oanteia  of  aidea.  Therefore  U  -  <Mi>(ie.»ST)(12M)  -  17.3W 
^.^^-4.34.     The  width  beinf  B  In.,  tb.  deptb  muat  be  d  -  -^U.3« 


bk-lb.    The  aeotioD  modidua  required  ia 
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-  3.28  io.  Tha  but  muiit  tbenfon  b«  aupiwrtsd  by  ribs.  Two  ribi  will  bs  intrnduoad.  Tba  bsriiic  pl»t«  will 
now  ba  MMirasd  to  take  only  one-half  of  the  bendinR.  one-b«]f  (be  load  boinf  truumittad  by  tha  ribi  to  the  nrtioal 
oollu  Bronnd  the  poat.  The  thiclmaai  o(  base  and  oolUr  must  than  be  (ufficient  lot  eash  to  lustald  eOSO  ia.-lb. 
EBaoe  both  the  proieotinc  laat  utd  tha  Dollar  an  flied  aloDg  one  edc*,  the  allowable  unit  itma  in  bendiac  will  b« 
The  reqnind  eMtlon  mctduliu  ia  then  ^gg-.  >  1,3B,  or  with  ■  width  ol  S  in.,  the  reqnind  thiakiUM 
A  ttakknan  of  !>£  in.  will  ba  UMd. 


SPLICES  AKD  COirVECTIOnS— STEEL 

Bt  Wm.  J.  PnujiE 

lU.  Rlreta  tnd  Bolts.— A  rivet  is  &  short  piece  o(  eylindrical  rod  {uauatly  soft  steel) 
with  one  end,  called  the  head,  larger  than  the  body  or  shank  (see  Fig.  161).    Rivets  are  made 


O^     o 


Counlv-sijnk  Head 


f> 
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PiO.  1«& 


by  feeding  rods,  that  have  been  heated  to  the  proper  temperature,  into  a  rivet  machine.  The 
machine  forms  the  head  and  cuts  the  rod  off  to  the  denired  length.  Different  kinds  of  rivets 
may  be  made  in  the  same  machine  by  using  the  proper  header  and  dies.  To  produce  satisfactory 
rivets  the  dies  used  must  be  kept  in  perfect  condition,  and  the  bars  must  be  heated  to  the  proper 
temperature.  If  the  dies  become  worn,  the  rivet  ia  apt  to  tave  a  shoulder  where  the  head 
and  shank  meet  (see  Fig.  152).  Also,  if  the  inner  edges  of  the  dies  do  not  meet,  the  rivet 
will  have  what  ia  known  as  a  fin  on  each  side  (see  Fig.  153).  Rivets  having  these  defects  are 
not  satisfactory  when  driven,  as  the  heads  will  not  fit  tight  against  the  member. 
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fio.  IM.— ConTanUoDBlrintdina. 

Rivets  are  used  not  only  to  connect  the  different  parts  of  built-up  steel  sections,  such  as 
columns  and  girders,  but  also  for  making  the  connections  between  different  structural  membeia. 
121a.  Kinds,  Dimensions,  and  Sixes  of  Rivets.  Kindt. — Two  classes  of  rivets 
are  used  in  structural  steel  work:  namely,  the  button  head  and  the  eourU^tunk  head  (see  fig. 
161).  The  button  head  rivet,  which  ia  used  almost  entirely  for  all  structural  work,  has  ahead 
which  is  hemispherical.  The  countersunk  head  is  flat  and  is  made  to  fit  a  countersunk  hole. 
It  should  not  be  used  except  when  a  flat  surface  is  desired  or  when  a  button  head  would  interfere 
with  some  member.    When  the  desired  clearance  cannot  be  obtained  because  of  a  full  button 
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head  on  a  rivet,  the  head  of  the  rivet  may  be  flattened.  Sufficient  clearance,  of  course,  cannot 
always  be  provided  in  this  way,  but  where  the  flattening  of  a  button  head  is  all  that  is  necessary, 
the  riveting  is  usually  more  efficient  and  less  expensive  than  if  a  countersunk  rivet  were  used. 
In  case  a  flat  surface  is  desired,  it  is  necessary  to  chip  the  head  of  a  countersunk  rivet,  since 
after  driving,  this  kind  of  a  head  extends  about  H  in.  above  the  surface. 

In  order  to  show  on  a  drawing  whether  a  full  button  head,  a  flattened  head,  or  a  coimtersimk 
head  is  to  be  used,  certain  conventional  signs  have  been  adopted.  Fig.  154  shows  the  Osborne 
system  which  is  used  almost  entirely  in  this  country. 

Dimemums, — There  is  no  standard  shape  for  rivet  heads,  but  the  shapes  found  on  the  market 
do  not  differ  greatly.  Rivets  are  sometimes  made  with  special  shaped  heads  such  that  when 
driven  with  the  proper  die  the  tendency  will  be  to  first  upset  the  shank.  This  is  desirable  as 
the  hole  should  be  completely  filled  even  though  somewhat  irregular.  Table  I  gives  dimensiopfl 
for  finished  rivet  heads. 


Table  1.< — Gbnebal  FoRifULAs  fob  Pbopobtions  of  Rivbtb,  in  Inchbb 


Full  driyen  head,  diameter  a 

depth  h 

radius  e 

radius  e 

Countersunk  head,  depth  / 

diameter  o 


-  1.5d  +  H  in. 

-  0.425a 

-  h 

-  1.5b 

-  0.6d 

-  1.577d. 


All  Dimensions  in 

Inches 

d 

a 

b-c 

9 

/ 

Q 

H 

»Hs 

»H4 

H€ 

He 

»Hi 

H 

H 

H 

Hs 

>i 

«Hi 

H 

1  He 

«H4 

*H4 

Ht 

1 

H 

1  H 

»Hi 

»H4 

H 

t  He 

H 

1  Hs 

•H4 

»H4 

Hb 

1  H 

1 

1  H 

»H« 

1  Hs 

H 

1  He 

IH 

1*H6 

*H4 

1  Hs 

Me 

1  Va 

IH 

2 

«Hs 

1  Ht 

H 

l^He 

,jr?* 


Sizes. — Rivets  vary  from  f^  to  I>i  in.  in  diameter 
and,  except  in  special  cases,  arc  made  from  soft  steel. 
Most  structural  work  requires  either  %  or  J^-in. 
rivets.  Smaller  sizes  are  used  in  light  work  while 
larger  sizes  are  used  only  in  very  heavy  construction. 
As  a  general  rule  rivets  should  not  be  of  less 
diameter  than  the  thickness  of  the  thickest  plate 
through  which  they  pass. 

The  diameter  of  a  rivet  should  not  be  greater  than 
yi  of  the  width  of  member  connected. 

Rivets  as  large  as  3^  in.  should  not  be  used  if  they  are  to  be  driven  by  hand,  as  they  cannot 
be  driven  tight.  (All  shops  do  not  have  the  required  power  to  drive  the  larger  rivets  properly.) 
The  diameter  of  a  rivet  should  not  be  less  than  K  of  its  grip  as  tests  show  that  the  strength 
of  a  joint  decreases  when  the  total  thickness  of  metal  increases  beyond  four  diameters  of  the 
rivet  used.  In  such  cases  specifications  usually  require  the  number  of  rivets  to  be  increased 
1  %  for  each  Hs  '^^'  of  metal  greater  than  four  diameters. 

The  size  of  rivet  that  should  be  used  in  any  given  case  depends  on  the  sizes  of  the  members 
to  be  connected.  As  a  general  rule,  a  ^-in.  rivet  is  the  maximum  that  should  be  used  in  the 
flanges  of  6  and  7-in.  channels  and  I-beams,  and  in  2-in.  angles;  %-in.  rivets  may  be  used  in 
all  larger  sized  channels  and  I-beams  and  in  all  angles  over  2  V^  in.  In  all  I-beams  over  15  in., 
all  channels  over  10  in.,  and  in  all  angles  over  3  in.,  %-in.  rivets  may  be  used.  In  unimportant 
connections,  ^-in.  rivets  may  be  used  in  2yi'm,  angles,  and  3^^-in.  rivets  may  be  used  in  3-in. 
angles. 

Not  more  than  one  size  of  rivet  should  be  used  in  the  same  structure  in  order  to  avoid  mak- 
ing changes  in -the  punching  and  riveting  machines  and  also  to  make  unnecessary  the  rehandling 
of  the  different  members. 

Channels  and  I-beams,  however,  have  to  be  rehandled  when  holes  are  punched  in  both 
the  flange  and  web  because  a  special  die  is  required  in  punching  the  flange  on  account  of  the 
slope.  In  cases  of  this  kind,  when  the  holes  in  the  web  are  larger  than  are  permitted  in  the 
flange,  a  smaller  punch  may  be  used  for  the  flange  without  causing  extra  handling. 
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1Mb.  Grip  of  Rivets  and  Bolts. — The  grip  of  a  rivet  is  the  tot&l  thickness  of 
metal  throt^^  which  it  passes  (see  F^.  155).  In  coroputii^  the  length  of  shank  required,  the 
roughness  of  the  parts  connected  should  be  considered  and  the  grip  increased  accordingly. 
The  amount  to  be  added  varies  in  different  shops  and  is  fiom  )^2  in.  'or  each  joint  between 
members  to  >{«  in.  for  each  member.  Thus,  the  total  length  of  shank  is  the  thickness  of  ma- 
terial plus  the  amount  saaumcd  for  roughness  of  members  plus  the  length  of  shank  necessary 
to  form  a  head.  The  grip  should  be  taken  to  the  nearest  J^  in.  Table  2  gives  the  required 
length  of  shank  for  different  gripe  and  sizes  of  rivets. 

Table  2.' — Stbuctoral  Rivbts 
American  Bridge  Company  Standard 
Lenqths  of  Field  Rivbts  for  Vakiohs  Geips 

[DimanaiDnt  in  Inohn) 
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In  case  bolts  are  used,  the  length  is  the  grip,  plus  ^  in.,  plus  the  thickness  of  nut,  plus  the 
thickness  of  washers.     Table  3  gives  the  dimensions  for  bolt  heads  and  nuts. 

Table  3.' — Bolt  Heads  and  Nxtib 
American  Bridge  Company  Standard 


Roiish    nut 

Finished  nut 

Rough  head 

Finished  head 

/ 

0 

/ 

0 

/ 

h 

/ 

h 

in. 

d 

1.5d+H6in. 

d-yUin. 

1.5d+H 

0.5/ 

l.M+Hein. 

0.5/-M«in. 

\ 


Drift  f^n 


Fig.  156. 


124c.  Rivet  Holes. — Rivet  holes  may  be  punched  to  size,  sub-punched,  and 
reamed,  or  drilled  from  the  solid.  For  all  ordinary  work  satisfactory  results  can  be  obtained 
if  a  reasonable  amount  of  care  is  taken  in  laying  out  and  punching  the  holes.  All  holes  should 
be  He  ^'  larger  in  diameter  than  the  nominal  size  of  rivet  used;  that  is,  He  ii^*  larger  than 
the  diameter  of  the  rivet  shank  before  heating.  This  will  allow  the  heated 
rivet  to  enter  the  hole. 

When  metal  ^  in.  thick  or  more,  is  used,  or  when  the  thickness  of  metal 
is  greater  than  the  diameter  of  the  rivet,  the  holes  should  be  drilled  (1)  because 
punches  often  break  when  the  thickness  of  metal  is  greater  than  the  diameter 
of  the  punch,  and  (2)  because  the  punching  of  the  holes  injures  the  metal  more 
or  less  around  the  edge  of  the  hole,  the  thicker  and  harder  the  metal,  the  greater 
the  injury.  It  is  on  account  of  this  injury  that  holes  are  specified  on  impor- 
tant work  to  be  sub-punched  H  ii^*  i^ss  than  the  diameter  of  the  rivet  and 
reamed  to  He  ^^-  larger,  or  to  be  drilled  from  the  sohd.  When  holes  are  sub-punched  and  re- 
amed, the  reaming  is  usually  specified  to  be  done  after  the  structure  is  assembled,  thus  insuring 
well  matched  holes. 

Punched  holes  do  not  always  match  and  in  such  cases  a  reamer  should  be  used  to  line  them 
up  instead  of  using  a  drift  pin  (see  Fig.  156)  and  a  sledge  hammer  as  is  often  done.  Although 
drift  pins  (which  are  tapering  circular  steel  tempered  rods)  are  necessary  in  assembling,  yet 
their  use  in  lining  up  holes,  which  do  not  match,  should  not  be  allowed  because  of  the  injurious 
effect  on  the  metal  aroimd  the  holes.  Reaming  out  holes  which  do  not  match  should  not  be 
considered  as  reamed  work  because  only  part  of  the  metal  in  part  of  the  holes  is  removed. 

Holes  for  countersunk  rivets  are  punched  or  drilled  in  the  same  way  as  for  button  head 
rivets;  the  hole  is  then  coimtersunk-^that  is,  reamed  out  on  a  bevel  to  the  required  depth. 

124(i.  Location  of  Rivets — Gage^ — ^A  gage  line  is  a  line  parallel  to  the  length  of  a 
member  on  which  open  holes  or  rivets  are  located.  Gage  is  the  distance  between  gage  lines 
or  the  distance  of  a  gage  line  from  some  surface,  such  as  the  back  of  an  angle  or  channel.  Fig. 
157  shows  both  the  gage  and  gage  lines  on  an  angle.  Tables  4,  5,  and  6  give  the  standard  gages 
for  I-beams,  angles,  and  channels,  respectively.  The  dimensions  of  channels  and  I-beams 
as  manufactured  by  the  different  companies  vary  slightly;  also  the  gages  as  given  in  the  different 
manufacturers'  handbooks. 

PiXch. — Pitch  is  the  distance  center  to  center  of  holes  on  a  gage  line,  and  is  indicated  by  pon 
Fig.  157. 
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Edffe  Distance, — The  distance  from  a  hole  or  rivet  to  the  edge 
of  a  member  is  called  the  edge  distance  (see  Fig.  157). 
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Tabub  5.' — Gages  for  Anolbs 


Leg 

8 

7 

6 

5 

4 

3H 

3 

2>i 

2 

l^i 

\yi  iH  iva 

IH 

Qi 

4H 
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3H 
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2H 
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1« 

IH 
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H 

H 

0* 

8 

2H 

2H 
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Ot 

3 

3 

2>i 

1« 

Max.  rivet 

IH 

1 

% 

H 

^^ 

J^ 

J^ 

K 

»^ 

H 

H 

H 

H 

H 

Va 

«8 

• 

i 


I 

9 


For  ocdumn  details.  6-in.  leg  (^^  in.  thick  or  leu)  against  column  shaft,  gt  — 
1%  in.,  01  -  3  in. 

For  diagonal  angles,  etc.,  gage  in  middle,  where  riveted  leg  equals  or  ex- 
ceeds 8  in.  for  ^^-in.  rivets.  3H  in.  for  >^-in.  rivets. 

Use  special  gages  to  adapt  work  to  multiple  punch,  or  to  secure  desirable 
details. 
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^f 


/ 


1 


Depth  of 
channel 
(inches) 


15 


13 


12 


10 


9 


8 


6 


Weight  per 

foot 
(pounds) 


Flange 

width 

(inches) 


55 
50 
45 
40 
35 
33 

50 
45 
40 
37 
35 
32 


0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 


40.0 
35.0 
30.0 
2'i.O 
20.5 


35 
30 
25 
20 
15 

25 
20 


0 
0 
0 
0 
0 

0 
0 


15.0 
13.25 

21.25 
18.75 
10.25 
13.75 
11.25 

19.76 
17.25 
14.75 
12.25 
9.75 

15.5 

13.0 

10.5 

8.0 

11  .5 
9.0 
6.5 

7.25 
6.25 
6.25 

6.0 
5.0 
4  0 


3H 


2« 


2H 
2H 
2hi 
2H 
2>i 


Table  6.' — Standakd  Gages  and  Dimensions  for 

Channels 

Nominal    dimensions    are:  flange    width    and  "o"  in  eighths,  web 
thickness  in  sixteenths.    Gages  for  connection  angles  are  determined 

by  H  w«b  thickness. 
Standard  gages  may  be  varied  if  conditions  require. 


Web 

thickness 

(inches) 


J^web 

thickness 

(inches) 


Gage 

0 
(inches) 


Grip 
(inches) 


Distance 


/ 
(in.) 
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h 
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Max. 
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SH 
sH 
SH 

7H 
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6K 

6H 
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\H 

iH 
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Rivet  Spacing, — Rivets  are  spaced  according  to  rules  which  have  been  derived  from  ex- 
perience and  the  following  may  be  considered  as  standard: 

The  minimum  distance  between  centers  of  rivet  holes  is  usually  specified  to  be  not  less 

than  three  diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for 

J^-in.  rivets,  2}4  in.  for  ^-in.  rivets,  2  in.  for  ^-in.  rivets,  and  l?i  in.  for  M-in.  rivets  (see 

Table  7).     The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates  and  shapes 
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is  sometimes  specified  to  be  16  times  the  thickness  of  the  thimiest  outside  i^te 
with  a  maximum  of  6  in.  The  following  spacing  is  preferable :  6  in.  for  ^-in. 
rivets,  5  in.  for  ^-in.  rivets,  4}i  in.  for  J^-in.  rivets,  and  4  in.  for  J^-in. 
rivets. 

Table  7. — Minimum  Rivet  Spacing — All  Dimensions  in  Inches 


Fig.  loS. 


Diameter  of  rivet 

H 

H 

H 

-h 

"fli"  miniynu»n 

m 

IH 

VA 

2H 

***'*  preferable 

1>4 

2 

2H 

3 

For  angles,  in  built  sections,  with  two  gage  lines,  with  rivets  staggered,  the  maximum  pitch 
p  (see  Fig.  158)  in  each  line  may  be  twice  as  great  as  given  above.  Table  8  may  be  used  in  spac- 
ing rivets  on  two  gage  lines.  The  accompan3dng  diagram^  (Fig.  159)  by  Louis  Metzger,  C.  E., 
may  be  used  for  the  same  purpose. 

Pitch  Lines  In  Inches  (gr) 
I    li  li  li  2  zJt  H  ii  3 


Fig.  159. 

lUostntiTe  Problem. — Suppose  that  g  in  Fig.  IGO  is  2  in.,  what  is  the  minimum  value  of  p  that  can  be  used  for 
^-in.  rivets? 

Table  8  shows  that  for  0  —  2  in.,  p  should  be  1^  in. 

Fig.  159  shows  that  for  9  -  2  in.,  p  should  be  l^Hs  in>     A  value  of  IK  ^  would  be 
used,  as  rivet  spacing  should  not  be  given  in  IGths  when  it  is  possible  to  avoid  it. 


Fig.  160. 


When  two  or  more  plates  are  in  contact,  rivets  not  more  than  12  in.  apart  in 
cither  direction  should  be  used  to  hold  the  plates  together. 

The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared  edge 
should  not  be  less  than  134  iii-  for  K-in.  rivets,  l>i  in.  for  >i-in.  rivets,  1  J|  in.  for  Ji-in.  rivets, 

1  Bng.  J^sc,  Jan.  11,  1913. 
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and  1  in.  for  ^i-m,  rivets ;  and  to  a  rolled  edge  1^,  1}^,  1  and  }i  in.  respectively.    The  maximum 
distance  from  any  edge  should  not  be  greater  than  eight  times  the  thickness  of  the  plate. 

The  pitch  of  rivets  at  the  ends  of  built  compression  members  should  not  exceed  four 
diameters  of  the  rivets  for  a  distance  equal  to  one  and  one-half  times  the  maximum  width  of 
the  member. 


Table  8.* — Distance  Center  to  Center  op  Staoqered  Rivets 

(ValuoB  of  X  for  varying  valun  of  g  and  p) 


p 

(in.) 

a  (inches) 
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1 

IH 
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IH 

l>a 

1« 

1^4 

1?^ 

2 

2K 

2H 

2^8 

2H 
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IH 
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m 

2 

2H 
2>i 

2H 

2H 

IH 
2H«  . 

VA 

2 

2H 

1M« 

I'He 

IH 

IH 

2 

2H6 

2Hel 

1»M6 
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IH 

2Me 
2H 

IH 
IH 

2 

2H  , 
2H«1 

IH 

2 

2H  . 

2H.1 

2 

2H« 
2H 
2H«  ^ 

2>i6  . 

2H 
2H« 

2H« 

CMe 

2f^ 

2Ke 

2H 
2He 

2H 

2»M« 

2« 
2»H6 

2H 
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3 

3H 

3M« 

3>i 

3H 

3K« 

2^ 
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2H 
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3 

3He 

3H 

3H« 

3K 

3H 

3K« 
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2K 
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2H 
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Values  below  and  to  right  of  upper  ligsag  line  are  large  euough  for  ^-in.  rivets. 
Values  below  and  to  right  of  lower  cigsag  line  are  large  enough  for  H-in*  rivets. 

124«.  Driving  of  Rivets — Field  and  Shop. — Rivets  driven  in  the  shop  are  called 
Jiop  rivets  and  those  driven  in  the  field  are  known  as  field  rivets. 

Rivets  may  be  driven  by  machines  or  by  hand.    Hand  rivet- 
ing is  resorted  to  only  when  a  rivet  is  so  located  that  it  cannot  be 
q    1  ;  ^  ^   jf   /  (  \^  J    I  driven  by  a  machine;  also  on  small  erection  jobs  where  the  expense 

of  providing  power  would  be  too  great ;  and  in  shops  when  a  few 
rivets  have  to  be  driven  after  the  member  has  been  removed  from 


fuW 


Cbunlirwilr  Countanunli  the  riveter. 


*'**°"*^*^   idSmi     Chipped  The  process  of  driving  a  rivet  is  as  follows :  The  rivet  is  heated 

to  the  proper  temperature,  inserted  in  the  rivet  hole  and  while  the 
head  is  held  tight  against  the  member,  a  head  is  formed  on  the 
end  of  the  shank  extending  out  to  the  hole  (see  Fig.  161). 

In  hand  riveting  the  end  of  the  shank  is  hammered  down  in  the  shape  of  a  head,  then  a 
hammer,  called  a  snap,  the  head  of  which  is  cup  shaped,  is  placed  over  the  rough  head  and  ham- 
mered until  the  head  is  of  the  proper  shape.  A  dolly  bar,  which  has  a  cup  shaped  face,  is  held 
against  one  head  of  the  rivet  while  the  other  head  is  formed. 

Machine  riveters  may  be  operated  by  compressed  air,  steam,  or  by  hydraulic  power. 
Compressed  air  rivetets  are  portable,  while  steam  and  most  hydraulic  riveters  are  stationary. 
Power  riveters  may  be  either  direct  or  indirect  acting ;  by  means  of  a  direct  acting  riveter  it  is 
possible  to  keep  the  full  pressure  on  the  rivet  as  long  as  desired.  Very  satisfactory  work  can 
be  perfomed  by  the  pneumatic  riveting  hammer  which  delivers  very  rapid  but  comparatively 
light  blows. 

Loose  Rivets. — Rivets  are  not  always  tight,  as  they  should  be,  after  driving.  When  a  loose 
rivet  is  found  it  should  be  removed,  if  possible,  and  another  driven  in  its  place.  Of  course, 
if  a  rivet  takes  no  definite  stress  and  is  so  located  that  it  is  difficult  to  get  at,  judgment  should 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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be  used  as  to  Whether  or  not  it  should  be  removed.    Loose  rivets  can  be  detected  by  tapping 
the  rivet  head  with  a  hammer. 

Clearance, — It  is  not  possible  to  drive  a  rivet  unless  there  is  ample  clearance  for  the  die 
on  the  riveter.  The  required  clearance  varies  with  the  size  of  the  rivet  (see  Figs.  162  and  163). 
Tables  9  and  10  give  the  rivet  spacing  necessary  for  driving  different  sizes  of  rivets. 
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When  an  angle  is  crimped  over  a  member  the  spacing  used  should  not  be  less  than  that 
given  in  Fig.  164. 

12f/.  Rivet  Failures. — If  in  Fig.  165,  the  forces  P  are  assumed  to  act  in  the 
directions  indicated  by  the  arrows,  bar  A  will  move  to  the  left  and  bar  B  to  the  right.  Suppose 
that  before  the  forces  P  are  applied,  the  bars  are  riveted  together.     Now  if  forces  P  are  made 


Fig.  166. 


Fig.  167. 


Fig.  168. 


large  enough,  the  bars  will  move  as  indicated  in  Fig.  166  and  the  rivet  is  said  to  have  sheared 
ofiF  in  single  shear.  If  three  bars  are  used,  as  shown  in  Fig.  167,  and  the  forces  are  made  large 
enough,  the  rivet  will  shear  off  again,  but  this  time  on  two  planes  (see  Fig.  168),  and  the  rivet 
is  said  to  have  failed  in  double  shear. 

Failures  as  shown  in  Fig.  166  and  168  wiU  occur  pro-  -, 
viding  the  bars  are  wide  and  thick  enough  and  the  rivet  is 
far  enough  from  the  ends  of  the  bars.  Suppose  that  bar 
A  in  Fig.  165  is  not  as  thick  as  bar  B;  then  instead  of  the 
rivet  shearing  off,  the  failure  might  occur  as  shown  in  Fig. 
169.  In  this  case  the  rivet  has  crushed  through  the  top 
bar.  This  is  called  a  failure  in  bearing.  If  the  bar  is 
harder  than  the  rivet,  which  is  usually  the  case,  the  rivet  will  be  crushed  by  the  bar. 

124^.  Shearing  and  Bearing  Values. — Practically  all  rivets  used  in  structural 


Fig.  169. 


work  have  to  resist  stresses  caused  by  shear,  bearing,  and  bending. 

Tablb  9.' — ^RivET  Spacing 
American  Bridge  Ck)mpany  Standard 
Minimum  Stagger  for  Rivets 

(All  Dimensions  in  Inches) 
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Table  10 J — Clearance  for  Cover  Plate  Riveting 

(Dimensions  in  Inches) 
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The  allowable  unit  stresses  on  rivets  are  not  at  all  uniform  throughout  the  country.  Values 
for  shear  on  shop  rivets  vary  from  9000  to  12,000  lb.  per  sq.  in.  and  the  corresponding  unit 
bearing  values  are  usually  twice  those  for  shear.  Values  for  field  driven  rivets  vary  from  %  to 
%  of  those  for  shop  driven  rivets. 

The  value  of  a  rivet  in  single  shear  is  the  area  of  the  rivet  times  the  allowable  unit  stress 
in  shear  and  the  double  shearing  value  is  just  twice  as  great. 

niastntiTe  Problem. — What  are  the  values  for  a  ^i-in.  rivet  in  single  and  double  shear  when  the  allowable 
unit  shearing  stress  is  10,000  lb.  per  sq.  in.  T 

The  area  of  a  fi-in.  rivet  is  0.442  sq.  in.,  so  the  value  in  single  shear  is 

(0.442)  (10.000)  «  44201b. 

and  in  double  shear  it  is  just  twice  as  much,  or 

(4420)  (2)  -  8840  1b. 

The  bearing  value  of  a  rivet  is  the  diameter  of  the  rivet,  times  the  thickness  of  plate, 
times  the  allowable  unit  stress  in  bearing. 

Ulnstrative  Problem. — What  is  the  bearing  value  of  a  ^-in.  rivet  on  a  H'in.  plate  if  the  allowable  unit  bearing 
stress  is  20,000  lb.  per  sq.  in.  T 
The  value  is 

(^)(H)  (20,000)  -  75001b. 

Stresses  caused  by  bending  are  usually  considered  only  in  case  of  long  rivets  or  when  loose 
fillers  are  used.  For  long  rivets  a  certain  per  cent,  of  the  number  of  rivets  required  is  added 
(see  Art.  124a).  When  rivets  carrying  stress  pass  through  loose  fillers,  the  number  of  rivets 
should  be  increased  50  %  and  when  possible,  the  extra  rivets  should  be  outside  of  the  connected 
member  (see  Fig.  218,  p.  288). 

Some  specifications  allow  one-half  the  value  of  a  button  head  rivet  for  a  countersunk  rivet 
if  shop  driven,  and  no  allowance  is  made  if  the  countersunk  rivet  is  hand  driven.  A  general 
rule  is  to  allow  half  value  for  countersunk  rivets  in  a  plate  ^  in.  thick  and  over,  and  nothing 
when  the  plate  is  less  than  ^  in.  thick. 

R.  Fleming  recommends  the  following  rules:' 

Rivets  with  countersunk  heads  shall  be  assumed  to  have  fi  the  value  of  corresponding  rivets  with  full  heads, 
but  no  value  shall  be  allowed  for  countersunk  rivets  in  plates  of  a  thickness  less  than  one-half  the  diameter  of  the 
rivet. 

Rivets  with  flattened  heads  of  height  not  less  than  three-eighths  of  an  inch,  or  one-half  the  diameter  of  the  rivet 
for  ^^-in.  rivets  and  less,  shall  be  assumed  to  have  Ko  the  strength  of  rivets  that  have  full  heads. 

When  heads  are  flattened  to  less  than  these  heights,  they  shall  bo  assumed  to  have  the  strength  of  countersunk 
rivets. 

The  allowable  unit  stresses  on  turned  bolts  in  reamed  holes  are  usually  the  same  as  on 
field  rivets.  The  value  for  machine  bolts  is  considered  to  be  three-quarters  of  those  for  turned 
bolts. 

184^.  Rivets  vs.  Bolts  in  Direct  Tension. — Direct  tension  on  rivet  heads  should 
not  be  allowed  except  possibly  in  unimportant  connections.  If  rivets  are  used  in  direct  tension 
the  connection  should  be  compact,  the  material  amply  thick,  and  the  groups  of  rivets  should 
be  symmetrically  arranged  about  the  line  of  action  of  the  pull  on  the  connection.     Not  less  than 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
>  See  Bno.  Newt,  Sept.  14,  1016. 
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4  rivets  should  be  used  in  a  connection  of  this  kind.  The  amount  of  stress  on  a  rivet  head  after 
the  rivet  is  driven  is  uncertain;  also  the  rivet  may  have  been  burned  in  heating  or  it  may  not 
have  been  driven  properly.  Rivet  heads  may  sometimes  snap  off  (1)  on  cooling  after  driving, 
(2)  in  extreme  cold  weather,  or  (3)  when  struck  with  a  hammer.  Instead  of  using  rivets  in 
direct  tension,  it  is  better  to  ream  out  the  holes  and  use  bolts  which  have  been  turned  to  a  driving 
fit. 

In  case  .rivets  are  used,  the  value  of  a  rivet  bhould  not  be  greater  than  one-half  its 
single  shear  value.  In  using  turned  bolts,  a  value  of  10,000  lb.  per  sq.  in.  on  the  net  area 
at  the  root  of  the  thread  should  not  be  exceeded.  Also,  the  bearing  area  under  both  the 
head  and  nut  should  be  at  right  angles  to  the  axis  of  the  bolt. 

184t.  Use  of  Bolts. — Bolts  are  often  used  in  place  of  rivets  and  for  certain 
classes  of  work  are  preferable  because  they  have  proven  to  be  satisfactory  and  are  more 
economical. 

The  American  Bridge  Company  allows  the  following  unit  stresses  on  bolts  in  building 
construction. 

9000  lb.  per  sq.  in.  in  shear 
1S,000  lb.  per  sq.  in.  in  bearing 

The  above  values  are  for  ordinary  bolts  in  holes  punched  Ke  in.  larger  than  the  size  of  the  bolt. 

A  washer  under  the  nut  will  allow  ample  threading  to  tighten  the  nut  properly.  If  a 
bolt  is  threaded  too  much,  the  bearing  area  will  be  reduced.  After  a  nut  is  tightened  up, 
some  method  of  locking  the  nut  should  be  used  to  prevent  it  from  working  off. 

R.  Fleming^  makes  the  following  suggestions  for  the  uses  ot  bolts: 

It  is  believed  that  bolted  conneotlons  are  permifisible  for  the  following: 

BuildingB  of  one  story,  not  of  great  height  and  acting  mainly  as  shelters.  Such  buildings  carry  no  shafting 
or  electric  traveling  cranes  and  unless  exposed  to  unusual  winds  there  is  little  reason  why  field  connections  may  not 
be  bolted  throughout. 

Buildings  for  temporary  use. 

Subordinate  framing  such  as  that  required  for  stairs,  doors,  windows,  partitions,  ceilings,  monitors,  pent  houses, 
curbs  and  railing.  It  is  often  desirable,  if  not  necessary,  to  have  framing  around  windows,  doors,  skylights,  and 
similar  work  bolted  in  order  to  secure  proper  adjustment  for  the  work  of  other  contractors. 

Purlins  and  girts,  except  where  they  form  an  integral  part  of  a  system  of  bracing.  There  is  little  reason  why 
the  clips  to  which  jmrlins  and  girts  are  attached  should  not  be  shop-bolted,  instead  of  shop-riveted,  to  main  mem- 
bers.    The  same  is  true  of  many  connections  for  subordinate  framing. 

Platform  and  floor  plates.  If  there  are  trucks  moving  on  the  floor,  or  if  there  is  shoveling  of  coal  or  material, 
oountersunk-head  bolts  should  be  used.  An  indentation  in  the  head  is  convenient  to  hold  a  bolt  while  the  nut  is 
being  turned.     In  other  cases  bolts  with  button  heads  not  over  H  or  ^e  in.  high  may  be  used. 

Connections  of  beams  to  beams  and  beams  to  girders  in  floors  that  do  not  support  machinery,  shafting  or 
rolling  loads.  This  is  an  important  item  in  a  many-«toried  office  building  or  hotel.  If  the  connections  of  floor 
members  to  columns  are  riveted  the  structure  is  stiff  transversely  and  longitudinally.  Little  is  gained  in  stiffness 
and  much  is  added  to  expense  by  riveting  connections  of  filling-in  members.  Moreover,  in  fireproof  construction 
the  bolts  are  embedded  in  concrete,  a  fact  which  should  assure  any  doubter  that  there  is  no  chance  of  nuts  becrming 
loose.  The  specification  for  a  12-etory  apartment  house  in  New  York  City  has  the  clause:  "All  connections  within 
3  ft.  of  the  column  centers  must  be  riveted.  All  tank  and  sheave  beam  supports  must  be  riveted.  Other  connec- 
tions may  be  bolted."  In  this  particular  building  the  beams  upon  which  some  columns  depend  for  lateral  stiffness 
do  not  connect  directly  to  the  columns,  but  frame  a  foot  or  two  away  into  other  connecting  beams.  Is  not  this  a 
commendable  olause  for  similar  cases? 

Bracing  connections  not  subject  to  direct  stress.  This  refers  particularly  to  the  intersection  of  bracing  angles 
midway  between  trusses  and  columns.  An  over-sealous  inspector  will  sometimes  insist  upon  specifications  being 
carried  out  to  the  letter  and  that  rivets  be  used.  This  necessitates  riveting  from  a  special  rigging  at  a  cost  of  a 
dollar  or  two  per  rivet.     The  cost  would  not  be  a  valid  objection  provided  anything  were  gained  by  it. 

Connections  not  subject  to  shearing  stress  at  points  where  members  rest  upon  other  members. 

186.  Lap  and  Butt  Joints. — Joints  in  structural  work  may  be  divided  into  two  kinds — 
viz.,  the  lap  joint  and  the  butt  joint  (see  Fig.  170).  A  lap  joint  is  a  joint  in  which  the  members 
joined  extend  over  or  lap  on  each  other.  A  butt  joint  is  one  in  which  the  ends  of  the  members 
joined  come  together  or  butt  against  each  other. 

The  joints  shown  in  Figs.  170(a)  and  170(6)  are  eccentric  and  are  acted  on  by  the  moment 

I  Bng.  New*'Ree.,  Aug.  14,  1919. 
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PL  The  joints  however,  deform  and  the  bars  tend  to  take  the  position  shown  in  Figs.  171 
and  172.     This  reduces  the  moment  but  causes  some  direct  tension  on  the  rivet  heads. 

Rivets  may  be  arranged  in  different  ways.  Fig.  173(a)  shows  what  is  called  chain  riveting 
and  the  rivets  in  Fig.  173(6)  are  said  to  be  staggered. 

The  butt  joint  with  two  cover  plates  makes  the  most  satisfactory  splice  for  bars  and  plates. 
It  is  also  used  for  splicing  both  tension  and  compression  members  in  a  structure.  Connections 
between  Irhe  different  members  of  a  structure  may  be  in  the  form  of  a  lap  or  butt  joint  and  very 
often  take  the  form  of  what  may  be  called  a  double  lap  joint  (see  Fig.  174). 
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125a.  Failure  of  Joints. — A  joint  may  fail  (1)  by  shearing  off  the  rivets  (see 
Figs.  166  and  168),  (2)  by  crushing  the  rivets  or  plate  (see  Fig.  169),  (3)  by  tearing  across  a  line 
of  rivets  (see  Fig.  176),  (4)  by  breaking  through  a  hole  (see  Fig.  176),  or  (5)  by  the  rivets  shearing 
out  the  plate  (see  Fig.  177). 
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The  first  failure  may  be  prevented  by  using  more  or  larger  rivets;  the  second,  by  increasing 
the  thickness  of  plates,  or  by  increasing  the  number  or  size  of  rivets;  the  third,  by  making  the 
plates  wider,  that  is,  increasing  the  edge  distance;  the  fourth  and  fifth,  by  increasing  the  end 
distance. 

1266.  Distribution  of  Stress  in  Joints. — In  a  riveted  joint  or  connection,  it  is 
not  possible  to  determine  just  how  the  stress  is  distributed  cither  through  the  members  joined 
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Fig.  174. 


Fig.  175. 


Fig.  176. 


Fig.  177. 


or  the  rivets  joining  them.  The  following  assumptions  are  made:  (1)  that  the  stress  in  tension 
members  is  uniformly  distributed  over  the  net  section;  (2)  that  the  rivets  in  compression  mem- 
bers completely  fill  the  holes,  and  that  the  stress  is  uniformly  distributed  over  the  gross  area; 
and  (3)  that  each  rivet  takes  an  equal  part  of  the  stress.  (For  eccentric  connections,  see 
Art.  130.) 

126c.  Friction  in  Joints. — The  stress  on  rivet  heads  due  to  shrinkage  exerts 
great  pressure  on  the  members  joined  and  causes  friction  between  them.     Tests^  on  riveted 

^  TMta  on  riveted  joints.     Proceeding*  of  The  Am.  Ry.  Enc.  and  Maint.  of  Way  Asao.,  vol.  6,  1906,  p.  272. 
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joints  have  shown  that  the  frictional  resistance  amounts  to  several  thousand  pounds  per  square 
inch  of  rivet  area.  In  these  tests  there  was  practically  no  movement  in  the  joint  until  consider- 
able load  had  been  applied.  For  the  next  few  thousand  pounds  increase  in  the  load,  there  was  a 
slight  slip  evidently  due  to  an  adjustment  of  the  joint  after  the  frictional  resistance  had  been 
overcome.  After  this  adjustment,  the  rate  of  increase  in  slip  was  less  until  permanent  dis- 
tortion b^an. 

Frictional  resistance  is  not  considered  in  computing  the  stren^h  of  a  joint. 

186(f.  Joint  Computations. — The  stresses  on  rivets  in  a  joint  are  usually  com- 
puted only  for  shear  and  bearing.  Whether  the  strength  of  a  joint  is  governed  by  shear  or 
bearing  depends  on  which  gives  the  lesser  value.  The  following  problems  are  solved  to  show 
the  method  of  procedure  in  computing  the  strength  of  a  joint.  In  each  case  a  ^-in.  rivet  is 
used  and  the  allowable  unit  stresses  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 

niustratiTe  Problem. — Awume  a  lap  joint  oomposed  of  two  yi-in.  bars  (see  Fig.  178).  Compute  the  strength 
of  the  joint. 

The  rivet  ia  in  aini^e  shear  and  bearing  on  a  H-in*  bar.  The  area  of  the  rivet  is  0.442  sq.  in.  and  the  single 
shear  value  is 

(a442)  (10,000)  -  4420  lb. 

The  bearing  value  is 

(l^)ai)  (20.000)  -  75001b. 

Sinoe  the  value  in  bearing  is  the  larger,  the  strength  is  governed  by  the  shearing  value  and  is  4420  lb. 


1 

. *^ 

1_ 

^ — 

* 

rr^T^ 


^ 


FiQ.  178.  Fig.  170. 

Illustrative  Problem. — Assume  one  of  the  bars  in  Fig.  178  to  be  ^i  in.  thick.  Compute  the  strength  of  the 
joint. 

The  shearing  value  remains  the  same  as  in  the  preceding  problem  and  is  4420  lb.     The  bearing  value  is 

(«)(fi)  (20.000)  -  37601b. 

The  bearing  value  governs  since  it  is  less  than  the  shearing  value,  and  the  strength  of  the  joint  is  3750  lb. 

nittstrative  Problem. — Assume  a  double  lap  joint  oomposed  of  two  yi-ia.  bars  and  one  H-in-  bar  (see  Fig.  179\ 
Compute  the  strength  of  the  joint. 

In  this  case  the  rivet  is  in  double  shear  and  (sinoe  the  sum  of  the  thicknesses  of  the  two  outside  bars  is  H  in.) 
bearing  on  a  M*^°*  bar.     The  value  in  double  shear  is 

(2)  (4420)  -  88401b. 

The  bearing  value  on  a  M-in.  bar  is  7500  lb.    The  strength  of  the  joint  is.  therefore,  7500  lb. 

nittatrative  Problem. — Assume  the  >^-in.  bar  in  Fig.  179  to  be  changed  to  a  H-in-  bar.  What  is  the  strength 
of  the  joint T 

The  shearing  value  u  the  same  as  in  the  preceding  problem,  or  8840  lb.  The  sum  of  the  two  }i'in.  bara  is 
greater  than  H  i^-t  so  the  M-in-  bar  governs  for  bearing.     The  bearing  value  on  the  H-in.  bar  is 

(«)(«)  (20,000)  -  5625  1b. 

Since  this  value  is  less  than  the  shearing  value,  the  strength  of  the  joint  is  5025  lb. 

For  members  canying  stress,  not  less  than  two  rivets  should  be  used  in  a  connection. 
This  does  not  hold  for  lacing  bars. 

Table  11  will  save  considerable  work  in  computing  the  shearing  and  bearing  values  on 
rivets.  The  values  computed  in  the  above  problems  may  be  found  directly  from  the  table. 
At  10,000  lb.  per  sq.  in.,  the  shearing  values  in  the  table  for  a  K-in.  rivet  are:  single  shear,  4420 
lb. ;  double  shear,  S840  lb.  At  20,0(X)  lb.  per  sq.  in.,  the  bearing  values  are  as  follows:  bearing 
on  a  M-in.  plate,  7500  lb. ;  on  a  Hrio.,  plate,  3750  lb. ;  and  on  a  ^-in.  plate,  5625  lb. 
18 
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lUnatratiTe  Problem. — Usinc  the  table  for  rivet  values,  determine  the  number  of  ^-in.  rivets  required  to 
connect  the  plates  shown  in  Fig.  180.    The  unit  values  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 

The  shear  between  plates  1  and  2  is  50,000  lb.;  between  2  and  3  is  60,000  lb.;  between  3  and  4  is  40,000  lb.; 
and  between  4  and  5  is  70,000  lb. 

The  Tna-g^*"""*  shear  occurs  between  plates  4  and  6,  and  is  70,000  lb.    From  the  table  the  allowable  shear  on 
a  K-in.  rivet  is  4420  lb.  and  the  number  of  rivets  required  for  shear  is 

70.000 


4420 


16  rivets 


The  bearing  value  of  a  ^-in.  rivet  on  a  H-in*  plate  is  7500  lb.  and  the  number  of  rivets  required  for  plates  2  or  4  is 

110.000 


For  plate  3 
For  plate  1 
For  plate  5 


7500     -16riv«*« 
^^^  -  16  rivets     WSM^ 

50.000 

4690 
70.000 

5625 


10  rivets 
15  rivets 


Fia.   180. 


From  the  above  it  is  seen  that  if  16  rivets  are  used,  all  the  shearing  and  bearing  stresses  will  be  taken  care  of. 

It  will  be  noted  that  in  this  connection  the  tendency  is  to  shear  each  rivet  at  four  different 
sections.  If  plate  1  is  placed  between  plates  2  and  3,  the  tendency  will  be  to  shear  each  rivet  at 
three  sections  and  the  maximum  shear  will. then  be  110,000  lb.  The  rivets  will  be  in  triple 
shear.  Thus  it  is  seen  that  by  properly  arranging  the  plates  the  minimum  shear  on  the  rivets 
may  be  obtained.  This  consideration  can  very  often  be  made  use  of  in  designing  connections 
in  which  a  number  of  plates  are  used. 

The  shearing  and  bearing  values  for  unit  stress  not  given  in  the  table  may  be  found 
from  the  table  as  explained  in  the  following  illustrative  problem. 

niustrative  Problem. — Suppose  the  allowable  unit  shearing  stress  is  7500  lb.  per  sq.  in.  and  the  unit  bearing 
stress  is  15,000  lb.  per  sq.  in.     Find  the  shearing  value  of  a  K-in.  rivet  and  also  the  bearing  value  of  a  H  e-in.  plate. 
At  7000  lb.  per  sq.  in.  the  shearing  value  is  3000  lb.  and  at  8000  lb.  per  sq.  in.,  it  is  3530  lb. 

,      .    3090  +  3530 
Then  at  7500  lb,  per  sq.  in.,  the  value  is « 


In  the  same  way  the  bearing  value  is  found  to  be 


-  3310  lb. 
4590  +  5250 


4920  lb. 


The  same  results  may  be  obtained  by  another  method  as  follows:  At  7000  lb.  per  sq.  in.  the  shearing  value  is 
8090  lb.  Then  at  7500  lb.  per  sq.  in.,  it  is  3090  (7000)  "  ^*^  ^^"  *°**  ^*  bearing  value  is  4590  (14^)  -  4920 
lb. 


[ 


# 


^ 


Fra.  181. 


1 


\ 


Fia.  182. 


\ 


Fig.  183. 


126«.  Net  Sections. — ^As  the  strength  of  a  tension  member  depends  on  its  net 
area,  core  should  be  taken  in  the  arrangement  of  rivets  so  that  the  area  will  not  be  reduced 
more  than  necessary  by  the  rivet  holes.  Ck)nsider  the  splice  shown  in  Fig.  181.  The  area 
of  the  plate  is  reduced  by  three  holes.  By  lengthening  the  spUce  plates  (see  Fig.  182)  the  rivets 
can  be  arranged  so  that  the  area  of  the  plates  Mrill  be  reduced  by  only  two  holes.  A  better  ar- 
rangement is  shown  in  Fig.  183.  Here  the  area  of  the  plates  is  reduced  by  only  one  hole.  In 
this  case  the  area  of  the  splice  plates  is  reduced  by  three  holes  but  it  is  much  more  economical 
to  increase  the  area  of  the  splice  plates  which  are  shorty  than  the  area  of  the  main  plates  which 
may  be  of  considerable  length.  Of  course,  there  are  cases  in  which  a  more  economical  splice 
may  be  designed  if  the  rivets  are  so  arranged  that  the  area  of  the  splice  plates  is  not  reduced  too 
much  (see  Fig.  198,  p.  280). 

In  computing  the  net  area  of  a  member,  the  diameter  of  the  hole  is  considered  to  be  }i  in. 
greater  than  the  diameter  of  the  rivet  used.  For  countersunk  rivets  the  diameter  of  the  holes 
is  usually  considered  to  be  >^  in.  greater  than  the  diameter  of  the  rivet  when  the  thickness  of  the 
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member  b  ^  in.  or  less.    T&ble  12  gives  the  areas  in  sq.  in,  to  be  deducted  for  different  sizes 
qI  holes  through  different  thicknesses  of  metal. 

Table  12. > — ^Reduction  of  Area  for  Rivet  Holes 

(Area  in  Square  Inches  —  Diameter  of  Hole  X  Thickness  of  Metal) 


Thick- 

Diameter of  hole  Gnches) 

ness  of 
metal 

(inohea) 

K 

H 

Me 

M 

»Me 

H 

»Me 

H 

»Me     1 

IMe 

IM 

H% 

0.05 

0.09 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.180.19 

0.20 

0.21 

K 

0.06 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.22 

0.23 

0.25 

0.27 

0.28 

Me 

0.08 

0.16 

0.18 

0.20 

0.21 

0.23 

• 

0.25 

0.27 

0.29 

0.31 

0.33 

0.35 

H 

0.09 

0.19 

0.21 

0.23 

0.26 

0.28 

0.30 

0.33 

0.35 

0.38 

0.40 

0.42 

M« 

0.11 

0.22 

0.25 

0.27 

0.30 

0.33 

0.36 

0.38 

0.41 

0.44 

0.46 

0.49 

H 

0.13 

0.25 

0.28 

0.31 

0.34 

0.38 

0.41 

0.44 

0.47 

0.50 

0.53 

0.56 

Me 

0.14 

0.28 

0.32 

0.35 

0.39 

0.42 

0.46 

0.49 

0.53 

0.66 

0.60 

0.63 

H 

0.16 

0.31 

0.35 

0.39 

0.43 

0.47 

0.51 

0.55 

0.59 

0.63 

0.66 

0.70 

»Ke 

0.17 

0.34 

0.39 

0.43 

0.47 

0.52 

0.56 

0.60 

0.64 

0.09 

0.73 

0.77 

Va 

0.19 

0.38 

0.42 

0.47 

0.52 

0.56 

0.61 

0.66 

0.70 

0.75 

0.80 

0.84 

*Me 

0.20 

0.41 

0.46 

0.51 

0.56 

0.61 

0.66 

0.71 

0.76 

0.81 

0.86 

0.91 

H 

0.22 

0.44 

0.49 

0.55 

0.60 

0.66 

0.71 

0.77 

0.82 

0.88 

0.93 

0.98 

»Me 

0.23 

0.47 

0.53 

0.59 

0.64 

0.70 

0.76 

0.82 

0.88 

0.94 

1.00 

1.05 

1 

0.25 

0.50 

0.56 

0.63 

0.69 

0.75 

0.81 

0.88 

0.94 

1.00 

1.06 

1.13 

IHe 

0.27 

0.63 

0.60 

0.66 

0.73 

0.80 

0.86 

0.93 

1.00 

1.06 

1.13 

1.20 

m 

0.28 

0.56 

0.63 

0.70 

0.77 

0.84 

0.91 

0.98 

1.05 

1.13 

1.20 

1.27 

IMe 

0.30 

0.69 

0.67 

0.74 

0.82 

0.89 

0.96 

1.04 

1.11 

1.19 

1.26 

1.34 

lyi 

0.31 

0.63 

0.70 

0.78 

0.86 

0.94 

1.02 

1.09 

1.17 

1.25 

1.33 

1.41 

IMe 

0.33 

0.66 

0.74 

0.82 

0.90 

0.98 

1.07 

1.15 

1.23 

1.31 

1.39 

1.48 

IH 

0.34 

0.09 

0.77 

0.86 

0.95 

1.03 

1.12 

1.20 

1.29 

1.38 

1.46 

1.55 

IMe 

0.36 

0.72 

0.81 

0.90 

0.99 

1.08 

1.17 

1.29 

1.35 

1.44 

1 .53 

1.62 

IH 

0.38 

0.75 

0.84 

0.94 

1.03 

1.13 

1.22 

1.31 

1.41 

1.50 

1.59 

1.60 

i^m*/ 


K 


Fig.  184. 


niiistntlTe  Problem. — ^Wbat  is  the  net  area  of  a  bar  4  in.  wide  and  M  in.  thick,  with  one  h<de  for  a  ^-iiu 
livet? 

The  diameter  of  the  hole  to  be  deducted  is  M  +  H  -  M  in.  From  Table  12  the  area  to  be  deducted  is  0.44 
sq.  in.     The  net  area,  therefore,  is  (4)(H)  —  0.44  *  1.56  in. 

The  proper  design  of  a  tension  member  requires  that  the  net 
area  should  be  computed  on  diagonal  as  well  as  on  transverse  lines. 
That  is,  the  net  area  should  be  computed  not  only  on  line  aa  (see 
Fig.  184)  but  also  on  line  abed, .  Some  specifications  require  that  the 
net  area  should  be  considered  on  line  abed  unless  it  exceeds  that  on 
aa  by  30%.  The  usual  method,  however,  is  to  make  the  net  area 
on  line  abed  equal  to  that  on  line  aa.     When  this  method  is  used 

it  is  desirable  to  find  the  pitch  p  (see  Fig.  184)  which  will  give  equal  areas  on  sections  aa  and 

abed. 

Let  10  be  the  width  of  the  member;  g,  the  distance  between  gace  lines;  and  d  the  diameter  of  the  hole  to  be  de- 
ducted.    The  net  width  on  aa  will  then  be  v  —  d.     On  section  abed,  the  net  width  will  beta  —  g  -\-  '^gt  4.  pi  —  3d. 
Equating  these  two  widths, 

w  —  d^w  —  g  +  \/y*  +  p*  —  2d 
or  "^g*  -f-pi  —  to  —  d  —  tc+^  +  2d  —  i^  +  d 

Squarinc  ^  +  p*-^«  +  2^  +  d« 

and  p*  -  2gd  +  d« 

or  P  -  y/2gd  ■+-  d« 

Table  13  gives  different  values  of  p  for  corresponding  values  of  gior  ^-  and  ^^-in.  rivets. 
^  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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If  the  riveta  are  arranged  aa  shown  in  Fig.  186,  the  value  of  p  will  be  one-half  as  large  and  the  formula  will  be 

Table  13.* — STAoaBR  of  Rivbts  to  Maintain  Net  Section 

(American  Bridge  Company  Standard) 

Dimensions  in  inches 


Ch€hahcuf 


Twohokaouf- 


^.•' 


^ 


d  —  diameter  of  rivet  +  K  in.  

0  -  d  "  y/gt  +  p«  -  2d  g*  -2d  -  Vcy^)«  -f  p« 

p  -  >/2^d  +  d*  P  -  V2pdTir* 

g  —  sum  of  gages  minus  thickneee  of  angle. 


«-in. 

H-in. 

H-in. 

K-in. 

rivet 

rivet 

rivet 

rivet 

Q 

P 

P 

g' 

P 

P 

• 

3^6 

1 

IM 

W 

5 

3Hs 

IH 

1>< 

2 

5H 

3Vi 

3H 

2 

2Ms 

2H 

6 

3H 

3« 

2H 

2K 

2Hs 

6H 

3H 

3?i 

3 

2Hs 

2« 

7 

3« 

3H 

3H 

2M« 

2»M6 

7M 

3« 

4 

4 

21^6 

3 

8 

3H 

4H 

4H 

2»Hs 

3M6 

8H 

4 

4H 

-3d 


^-in.  rivets,  can  be  taken  at  H  m-  loss  than  for  ^^-in.  rivets. 
1-in.  rivets,  can  be  taken  at  H  in*  more  than  for  H-in.  riveta. 


The  following  method  takes  into  consideration  the  stress,  on  a  diagonal  section,  caused  by  a  combination  of 
the  shear  (parallel  to  the  section)  and  the  tension  normal  to  the  section.  From  the  formulas  for  maximum  stress 
on  a  diagonal  section  as  worked  out  by  V.  H.  Cochrane^,  the  following  formula  has  been  derived  by  T.  A.  Smith:" 

X  m^^   2(g«  +  P«  -  dVg'-f  pQ 
^  d{g-\-  Vg*  +  4p«) 

in  which  g  is  the  gage  (see  Fig.  186),  d  is  the  diameter  of  the  hole  (diam.  of  rivet  +  >^  in.), 
p  is  the  pitch,  and  X  is  the  amount  of  rivet  hole  to  be  deducted  between  the  gage  lines. 
Values  of X  in  the  diagram  (Fig.  187)  were  worked  out  using  the  above  formula.  This  dia- 
gram is  for  H-in.  rivets  and  d  was  taken  as  1  in. 


^ 


L£4 

FiQ.  185. 

In  computing  the  net  width  of  a  tension  member  by  this  method,  the  number  of  rivets  n,  to  be  deducted,  i» 
as  follows  (see  Fig.  188);  considering  %-iti.  riveta 

n  -  1  +  Xi  +  Xa  +  X« 

where  X\,  Xs,  and  Xs  are  obtained  from  the  diagram  by  using  the  corresponding  values  of  p  and  g  for  each  diagonal 
distance.  The  value  1  is  for  the  outside  halves  of  the  two  outside  rivets  and  the  values  Xi,  Xi,  and  Xs  are  tne 
values  to  be  deducted  from  the  gages  m*  Qt,  and  gu     The  net  width,  then,  would  be 

u»  -  (1  +  Xi  +  Xi  +  XO 

A  larger  value  of  n  might  be  obtained  by  omitting  rivet  2  and  considering  section  1-3-4.  The  gage  for  1-3  would 
then  be  01  -\-  gt  and  the  corresponding  value  of  p  would  be  the  horisontal  distance  between  1  and  3.  In  any  cas«», 
the  net  area  to  be  used  will  be  for  the  section  giving  the  largest  value  of  n. 

Consider  the  values  for  pi.  pt.  p»,  gi,  gt^  and  g»  as  given  on  Fig.  188.     Compute  the  net  section  assuming  the 
pUte  to  be  >^  in.  thick,  and  the  holes  to  be  for  H-in.  rivets. 

Considering  all  the  holes 

n  -  1  +  0.4  +  0.93  +  0.4  -  2.73 
Considering  l-3Hi 

n  =  1  +  0.974  ■+-  0.4  -  2.374 


I 


1^ 


Fio    186  Since  the  larger  value  of  n  is  obtained  by  considering  all  the  holes,  the  net  section  will  be 

through  all  the  holes,  and  is 

(10  -  2.73)H  -  3.64  sq.  in. 

For  two  lines  of  rivets  (see  Fig.  186),  the  value  of  p,  such  that  only  one  hole  must  be  deducted,  is  found  where 
the  gage  line  intersects  the  horisontal  line  A  A  inFig.  187.  Suppose  g  ^  3  in.,  then  in  order  that  only  one  hole 
must  be  deducted,  p  would  have  to  equal  3.32  in.  or  3^6  in. 

For  three  lines  of  rivets  (see  Fig.  189)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found 
-where  the  gage  line  intersects  the  line  BB  in  Fig.  187.     Itg  ^  2  in.,  then  p  would  have  to  equal  1.82  in.  or  iHt  in. 

For  three  lines  of  rivets  (see  Fig.  190)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found  from 

the  location  of  a  vertical  line  cutting  gage  lines  gi  and  gt  at  an  equal  distance  above  and  below  the  line  BB  in  Fig. 

187.    If  01  *  2  in.  and  0i  i>  3  in.,  the  value  of  p  from  the  diagram  is  found  to  be  2.06  in.  or  2Hs  in.     This  result 

may  be  cheeked  as  follows: 

For  p  -  2.05  and  0  B  8  X  «  0.63 

Forp  -  2.O6and0- 2  "       °'^^ 


X  - 


1.00 


1  From  Pocket  Companion,  20th  edition,  Carnegie  St^J  Co.,  Pittsburgh,  Pa. 
>  See  Eng.  News,  April  23,  1908. 
•  See  Sng.  News,  May  6,  1916» 


278 


HANDBOOK  OF  BUILDING  CONSTRUCTION  (Sec  S-125^ 

rivBt  by  dividioc  both  p  and  v  by  tba  MM  <rf  rivet 


Ths  di>cnm  (Fig.  187)  nur  b«  lued  for  uy  oUter  a 
plus  M  in  and  by  nmltiplying  tbe  value  of  I  by  the  um 

SupiUH  th«  boln  in  Fift  1S6  an  for  H-'m.  rivsta.    Find  n  for  p  -  aS  in.  and  0  -  7  in. 

Ttae  diacram  ihowa  that  X  -  a«4.     Than 

n  -  (1)(|)  +0.«4 

ISS/.  Design  ot  Joints. — The  joints  at  points  where  memben  an  spliced  or  at 
pointa  where  the  streaa  in 

'^  one  member  is  transrerred 

to  another,  should  be  very 
carefully     deigned.      A 

9 


*. 


Fia.  18S. 

joint  should  be  strong 
enough  to  develop  the 
member  joined  even 
though  the  computed 
stress  in  the  member  may 

WW 

Fia.  ISD.       FiQ.  190. 

The  solutjons  of  the 
following  problems  show 
how  the  different  tables 
may  be  used  in  the 
design  of  jointA. 


VtllueS  of  pinJncheS                            pl.t.8XMin.carryinB66,600 
'"'i^'i?™*'^i"n^'i^S?^^"«-"'"'"^'^-*'"'     t"'':ir<.'AM:"'unit     tanaut 

Fio.  187,— Diairam 

value  of  tha  plate  at    18.000 

lb.  and  tbs  unit  values 

[or  riveta  at  12.000  in  ahaar  and  25.000  in  baarln«.  daiign  a  butt  Joint  witl.  two  cover 

platea  (aM  Fi,.  191). 

Uw  K-ln.  riveu. 

Tha  b«t  poHible 

tha  ana  to  ba  deducted  fuc  one  hole  ia  0.44  >q.  in.     The  net  ansa,  tberelore.  ia  (S><K)  -  O.i*  -  3.eS  sq.  in.,  and 

required  area  ia      '        -  3.47  aq.  in.     Sinoe  the  area  of  the  iplica  plate,  will  ba  reducwl  by 

Sec.  %-125g] 
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more  than  one  hole,  a  thiokness  <rf  H«  in*  for  each  plate  will  be  assumed.  This  giTes  a  total  thickness  of  H  in., 
which  is  greater  than  that  of  the  plates  spaced.  Table  11  shows  that  the  value  of  a  ^^-in.  rivet  in  bearing  on  a 
^i-in.  plate  is  0000  lb.  for  a  bearing  value  oi  24,000  lb.  per  sq.  in.  At  25,000  lb.  per  sq.  in.  the  corresponding  bear- 
ing value  is  9000  (»f'???)  -  0375  lb.     The  shearing  value  is  found  directly  from  the  table  and  is  10,600  lb.  since 

the  rivets  are  in  double  shear.     The  number  of  rivets  required  is, 

therefore, 

55.500 


9375 


-6 


^\^  g^^rf  (()  ^SOOA 


The  rivets  will  be  arranged  as  shown  in  Fig.  192,  which  shows  that  the 
area  of  each  splice  plate  is  reduced  by  three  boles.  Table  12  shows  that 
the  area  to  be  deducted  for  one  hole  on  a  He -in.  plate  is  0.27  sq.  in. 
Since  there  are  two  plates  and  three  holes  in  each  plate,  the  total  area 
to  be  deducted  is 

(3)  (0.27)  (2)  -  1.42  sq.  in. 

and  the  net  area  of  the  cover  plates  is 

(2)(8)(H6)  -  1.42  «  3.58  sq.  in. 

which  is  satisfactory.     The  net  area  of  the  8  X  H-in.  plate  on  section  66  is  4  —  (2)  (0.44)  »  3.12  sq.  in.     Since 

55,000 


the  stress  transmitted  to  the  splice  plates  by  each  rivet  is 


6 


M  9250  lb.  (assuming  each  rivet  to  take  the  same 

46.350 


amount  of  stress),  the  stress  in  the  plate  at  section  bb  is  55,500  —  9250  —  46,350  lb.     The  required  area  ^  -to  /u^a  — 

2.9  sq.  in.,  and  the  area  is  satisfactory.     On  section  ce,  the  net  area  is  2.68  sq.  in.  and  the  required  area  is  1.73 
sq.  in. 

niuatratlve  Problem. — Using  the  same  sise  rivets  and  the  same  unit  stresses,  design  a  lap  joint  for  the  above 

plates. 

In  this  joint  the  rivets  will  be  either  in  bearing  on  a  M-in.  plate,  or  in  single 
shear.     The  bearing  value  is  9375  lb.  and  the  shearing  value  is  53(X)  lb.  so  the 
C  ,W     latter  value  governs  and  the  number  of  rivets  required  is 

55,500 


I  ^$:t  M 


5300 


10.5,  or  11  rivets 


^     The  rivets  should  be  arranged  as  shown  in  Fig.  193. 

6b  is  3.12  sq.  in.  and  the  required  area  is 

55.500-5300       „  ,  . 

-  -  3.14  sq.  m. 


The  net  area  on  section 


16,000 
which  is  close  enough. 

Illastrative  Problem. — The  rivet  pitch  and  spacing  are  shown  on  Fig.  193.     What  should  be  the  pitch  so  that 
only  one  hole  will  have  to  be  deducted  on  section  oa? 

P  -  HV2idT^-  kV2(1«)(K)  +  (J^)«  -  0.90  in. 

This  value  checks  with  Table  13  which  gives  0.91  in.    (H  of  the  interpolated  value  for  g  equals  1^.)    Table  8  shows 

that  p  could  not  be  less  than  IH  in.  for  a  M'in.  rivet. 

If  the  other  method  is  used,  will  more  than  three  holes  have  to  be  deducted  on  section  cc7 

Fig.  187  shows  that  only  three  holes  would  have  to  be  deducted  if  ^^-in.  rivets  were  used  so  no  more  will  have 

to  be  deducted  for  ^-in.  rivets. 

186^.  Efficiency  of  a  Joint. — The  ratio  of  the  strength  of  a 
joint  connecting  two  members  to  the  strength  of  either  member,  is  called 
the  efficiency  of  the  joint. 
126.  Splices  in  Trusses. 

126a.  Compression  Members. — The  usual  method  of  splic- 
ing a  compression  member  is  to  mill  the  ends  of  both  members  and  to  use 
splice  plates  with  a  couple  of  rows  of  rivets  on  each  side  of  the  splice  to  hold 
the  members  in  line  (see  Fig.  194).  A  splice  of  this  kind  should  be  made  at  or  near  a  joint, 
preferably  far  enough  from  the  joint  so  that  the  splice  connections  will  not  interfere  with  the 
joint  details.  This  method  of  splicing  is  entirely  satisfactory  for  direct  stress  providing  the 
ends  of  both  members  are  milled  properly.  When  the  ends  are  not  milled,  the  splice  plates 
and  number  of  rivets  should  be  sufficient  to  transfer  all  the  stress  across  the  splice  as  no  re- 
liance should  be  allowed  on  the  abutting  ends.  If  only  a  part  of  a  member  is  spliced,  the 
splice  should  be  made  strong  enough  to  develop  the  part  spliced  even  though  the  ends  may  be 
milled.  To  illustrate,  suppose  only  the  web  plate  in  Fig.  196  is  to  be  spliced;  then  even 
though  the  ends  of  the  web  plate  are  milled,  no  allowance  should  be  made  for  the  milling. 
The  splice  plates  and  number  of  rivets  should  be  sufficient  to  develop  the  plate  spliced.     This 
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appliu  particularl;  to  splicra  [n  i^te  guder  flanges  where  die  different  parts  of  the  flange  are 
spliced  at  difierent  points. 

If  the  member  is  subjected  to  bending,  the  resultant  stress  on  the  section  should  be  eom- 
puted  by  the  method  given  in  Sect.  I,  Art.  102.  If  there  is  tension  on  any  part  of  the  splice  due 
to  bending,  the  splice  and  number  of  rivets  should  be  sufficient  to  properly  transfer  the  atresB 
across  the  sf^ce.  The  method  used  in  a  case  of  this  Idnd  is  to  assume  a  splice  and  thrai  to 
compute  the  fiber  stress.    Two  or  more  trials  may  be  neceaaary  to  obtain  a  satiafactory  splice. 

lS6b.  Tension  Uembers. — la  light  roof 

qi   0   0   o-j-®-^^^  truBsw  the  bottom  chord  splices  are  usually  located  so 
r~  the  gusaet  plate  can  be  used  as  a  splice  plate  (pee  Bigs. 

ibAf^Sx^        106  and  197).    ^lices  may  bo  made  at  points  outside 

of  the  i<Hnt  and  no  part  of  the  gusset  [data  used  (see 

c-#-a-»-!-e-e-»-Oj  Fig,  lasi-    TTuh  simplifies  the  computations,  especially 

PiQ  jgg  when  the  members  spliced  carry  a  large  total  stress. 

When  the  splice  is  made  as  shown  in  F!g.  196,  a 
strip  of  Kunet  plate  equal  to  the  depth  of  the  member  sfdiced  may  be  considered  as  splice 
plate.  A  splice  plata  should  be  used  on  the  bottom  of  the  members  spliced  (see  ¥i^.  196 
and  197).  Of  oourse,  there  are  splices  where  a  bottom  plate  would  not  be  worth  much  (see 
Fig.  199).  Better  inorease  the  thickness  of  the 
gusset  plate,  if  necessary,  and  out  the  plate  as 
shown  by  dotted  line. 


If  part  of  the  gusset  plate  is  used  as  splice  plate,  it  is  well  to  investigate  the  stress  at  the 
bottom  of  the  plate.     This  may  be  done  ta  fpUows   {see  Fig.  200): 
Takioc  mamaDU  ibnul  g  on  aiii  an  thrDiich  ths  oenter  ot  irsvlty  of  the  plKta 


mm^' 


itiw  in  iiumb«T  1,  and  5i  b  tli 
■•  due  to  bepdins  li 


i(  membtr  2  to  th*  ■ 


It  of  inettU  ol  tha  pUtc  abont  u 


B  whkb  cii  the  dktUM  Bhon  on  Ha.  200  snd  f  is  i 
the  oenter  of  snTity  of  the  pleto. 

To  Uiii  Vftlua  of  /  luf  d  tha  unit  Btraaa  dua  to  direct  t< 
idkte.  Thii  etre»  in  the  total  value  of  the  eonnection 
area  of  that  portion  of  the  cuaMt  plate  oonaldered  u  iplice  plate. 

In  designing  splices  for  built-up  members,  great  care  should  be  taken  to  arrange  the  splice 
material  and  rivets  so  each  part  of  the  member  will  be  amply  spliced.  This  applies  to  both 
tension  and  compression  spUces. 
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13T>  FUto  Glrdsf  Web  Sluices. — Plate  girder  weba  may  be  spliced  in  a  number  of  different 
ways  (see  Figs.  201  to  20fi  inclusive).  Itie  kind  of  splioe  to  be  iiaed  in  any  given  ease  depends 
somewhat  on  the  aaaumptionB  made  in  the  dengn  of  the  girder. 

llie  splioe  shown  in  fHg.  201  aonsiBta  of  a  plate  on  each  side  of  the  web.  When  no  part 
of  the  web  is  considered  as  flange  area,  this  aptioe  ia  designed  for  shear  only.  It  may  be  designed 
for  the  maximum  shear  the  web  is  capable  of  carrying,  or  for  the  maximum  shear  at  the  splice. 
Moie  than  enough  rivets  should  be  used  on  each  side  of  the  splioe  to  carry  the  total  shear  con- 
sidered in  the  design ;  usually  not  less  than  two  rows  of  rivets  on  each  side  of  the  splice  are  used. 
Unless  the  splice  is  made  at  a  point  where  there  ia  considerable  excess  flange  area,  a  few  extra 
rivets  should  be  used.  Even  though  no  part  of  the  web  is  considered  as  flange  area  in  designing 
the  girder,  the  web  will  resist  some  of  the  stresses  caused  by  bending.  For  this  reason  the 
rivets  in  the  splice  plates  will  be  over-stressed  if  just  enough  are  used  to  provide  for  shear. 
^^^^^^^  This  splice  is  also  used  when  a  part  of  the  web  is  considered  as  flange 

J  area,  eepecially  when  the  splice  is  made   at   a  point  where  there  is  an 

I  I  excess  of  flange  area.    If  the  splice  is  made  at  a  point  where  the  shear 

I  I  '*  small,  the  design  is  usually  made  for  the  maximum  moment  the  web 

j  is  capable  of  carrying.     At  other  points  the  shear  should  be  considered 
I  in  the  design  and  the  corresponding  moment  used. 

— i—  J \         The  splices  shown  in  Figs.  202  and  203  are  used  when  a  part  of  the 

I  I         1  web  is  considered  as  flange  area.    The  splice  in  each  case  consists  of  six 

Fia.  Ml.  plates',  four  plates  marked  A  and  two  plates  marked  B.    In  Fig.  202, 


^  j       1     1  I 

r         I  r 

^  i     I  I  L 
H  I  Jr 


-1-  XM 

i-f-t 

Fio.  303. 


Fin.  204. 


Fia.  i 


plates  A  ore  usually  designed  for  moment  and  {dates  B  for  shear.  In  Fig.  203,  plates  B  are 
designed  for  shear  and  moment  and  plates  A  for  moment.  In  this  design  the  splice  is  supposed 
to  be  equivalent  to  the  web  at  all  points.' 

The  Bplioes  shown  in  Figs.  204  and  206  are  aometimes  used  by  designers  who  clium  that  the 
other  splices  do  not  provide  for  horisontal  shear  in  the  web  at  the  edge  of  the  flange  angles. 

When  a  splice  is  made  near  the  end  of  a  cover  plate,  the  cover  plate  may  be  extended  and 
used  in  place  of  plates  A  in  Ft^  202  and  203  (see  Fig.  206).     When  this 
is  done,  plate  B  in  fig.  202  should  be  the  full  depth  between  flange  angles. 
In  Fig.  203  the  splice  will  not  be  equivalent  to  the  web  at  all  points  when 
the  cover  plate  is  used  in  place  of  plate  A, 

The  following  problems  are  worked  out  to  show  the  computations 
in  designing  the  kind  of  splices  shown  in  Figs.  201  and  202.     These  splices  _ 
will  be  stronger  than  necessary  because  they  are  dedgned  to  develop  the  ^     _. 

web  in  bending  and  in  addition  to  carry  shear.  In  actual  design  the 
moment  caused  by  the  loading  which  gives  the  shear  should  be  used  or  the  maximum 
moment  at  'tiie  section  and  the  corresponding  shear.  To  illustrate,  consider  a  girder  carrying  a 
fixed  uniform  load.  If  the  splice  is  made  at  the  center  (which  is  not  usually  done)  where  the 
shear  is  sera,  the  splice  should  be  designed  for  moment  only.  The  usual  method  is  to  make  the 
splice  as  strong  in  resisting  bending  stresses  as  the  web  would  be  if  it  were  not  spliced.  If,  on 
the  other  hand,  the  splice  is  mode  at  say  the  quarter  point,  both  shear  and  moment  should  be 
considered  in  designing  the  splice.  The  values  used  should  be  those  computed  at  the  point 
where  the  splice  is  made.    In  this  case,  neither  the  shear  nor  moment  n  ~ 

>  S«a  tdL  3  ol  Madam  Fruiwd  Stiuotura  by  Johnaon.  Brjan  knd  Tuniwiira  1 
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the  shear  will  be  ^  of  the  maximum  on  the  girder  tmd  the  moment  ^.     The  deeigii,  however, 
briDgs  out  all  the  necessary  computations  in  the  design  of  web  splices. 

i  gridti  6SH  ■»■  back  to  bock  of  fUnce  ancla.     Web  pUU,  08  X  M  in- 


Bhear  on  web  (gran  br«).  . 

TeniioD  eitremo  Hbf  T 

Sbeu  at  point  of  gplice 

The  *plice  pUMa  ue  usumed  to  be  [ 
fluce  utM  is  ii  at  the  (raM  web  sr« 
act  st  the  oeoter  of  (ntvity  of  the  flan 
bottom  flanree. 

The  ipllce  will  be  daicned  uaui 


D.  deep  (see  I^.  207).  The  area  of  the  web  coi 
iMsilhth  o(  web  area  ia  H  X  OS  X  fi  -  3.16  at 
»  which  u  67 .08  ID.  (see  Fi*.  307)  between  cent! 


(3.i8)(a7.oa)(iB,ooo)(^^j^)  -a,27o,oo( 

9  fiber  ii  aaumed  to  be  Ifl.OOO  lb.  per  aq.  ii 


enlei  ol  Bravity  of 


Web  qflicee  of  this  kind  in 


Icflixaed  to  take  the  aame  momeDt  as  the  rroaa  web  plate  d 


28.51 
[lZ.SI0)(»liHft8>HW) 


M  would  be 
-  12.810  lb.  p 


-  3,700,000  io.4b. 

If  holes  4  in.  apart  are  allowed 


M  - 


;i5.sioHH)(«g)(ai 

8 
U  would  siVB  . 


-  3,300.000  in 
Rtroncer  aplice  t 
B4H.ln.c 


Either  one  of  theoe  methods  of  n 

Rivet  spadni  in  the  aplice  plate  will  b< 

only  will  be  coasidered  and  Uie  stress  on  the  eitrema  rivet  found  for  one  row  of  livi 

rows  required  can  be  determined.     When  the  distance  baek  to  back  of  fiance  anslea  ii 

between  rivets   and  the  center  of  Rravity  ol  tl 

difference  will  be  found  in  the  value  of  Xr\ 

From  Table  1 
(4H.)'-  18.70 
(  8Ji  )'  -  78.77 
(I3»{g)'  -  177  22 
(17U  )'  -  315.06 
(22Mt)'  -  492.28 
(26^  )>  -    T0S.90 


The  atroa  on  the  rivets  will 


The  atreaa  on  a  rivet  al 


35S3.se  -  Er<  f 
alalia  is 
?-S131b. 
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<913K3BH)  -34.31Dlb. 
If  lout  ton  of  riveU  tn  OMd,  tha  ni»iimum  Uxtm  due  to  moment  will  b« 

plioa  will  be  (1)  (13)  -  bS  rivete.     The  atnii  on  each  rivet  due  to 
The  militant  stnea  on  tbe  «itnme  rivet  ii 

V(B080)'  +  (leao)'  -  asso  ib. 

Table  II  ahon  the  Bbearins  value  of  a  H-in.  rivet  to  be  7220  Ib.  in  ainsle  shear,  and  14,440  lb.  in  double  ahear. 
The  bearinc  value  on  tbe  H-in.  web  ii  7S80  Ib. 

(7a80)(S3.a5) 

70,13 *~°  "■• 

Thk  value  is  1«a  thu  the  etrees  on  the  eitreme  rivet »  the  ipaoinc  irill  be  amnced  ai  aboim  iu  Fig.  306. 

From  Table  IS 

(  2  Ml)'  -        4.26 

(  a  H*)'  -      38. 20 

(10  Si)'  -    106  35 

(18  Ha)'  -  341. M 
(22'H«)'  -  S14,73 
(ae'Hi)'  -    718. Bl 


"^  ?,^oo5_^^,^ 

and 

(84fl)  (2S>Mt)  -  22,eao  lb.  siren  qti 
AiBumlBc  lour  row*,  the  maiimuin  itroa  due  to  moment  will  be 

of  riveta  on  eaob  aide  c 
"»"0°  _  ,™  n. 


ia.2.^1'      CN)|fla)' 


Bach  plate  should  be 

^  -  0,331  in.  thiok. 


Thia  ia  a  very  little  over  Hi  >u..  ao  H-in.  plat«  will  be  uaed. 

ninitraUve  Piobtam.— Uainf  the  data  given  in  tbe  proeeedins  problem,  a  iplioe  timllsr  to  Fig,  20S  will  be 

Plata  B  (see  Fi«.  200)  are  assumed  to  be  9  in.  wide  and  their  diaUURi  center  to  center  arlll  be  47,G  in.     The  ana 
of  plate  5  ahould  be 

(a.I0)(^^^')  -6.38.q.in. 

r,  +a«i'  -  Ji+ot*.' 
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in  which  Ji  and  It  represent  the  moment  of  inertia  of  the  i^te  B  and  the  web  area  (oo*jsidered  as  flange  area) 
about  horiaontal  axes  through  their  respective  centers  of  gravity.     These  values  are  considered  equal,  henee 

or 

ai  represents  the  area  of  plate  B  and  at  the  area  of  the  web  considered  as  flange  area,  xi  and  xt  are  the  distances 
of  the  center  of  gravity  of  each  area  from  the  neutral  axis  of  the  girder.  In  solving  for  the  area  of  plate  B  above, 
the  values  of  xi  and  x%  used  are  the  distances  center  to  center  of  each  set  of  areas.  The  result  is  the  same  as  would 
be  obtained  by  using  the  distances  from  tho  neutral  axis  to  the  oenter  of  eaoh  area  because  both  numerator  and 
denominator  are  just  two  times  as  great. 

Two  pUtes,  9  X  H  in-  will  be  used.     This  gives  a  net  area  of7XHX2->7sq.  in.,  which  is  satisfactory. 

Assuming  16,000  lb.  per  sq.  in.  on  extreme  fiber,  the  allowable  stress  at  the  center  of  plate  B  is 

(16.000)(47.5)       inoanih  «-«P^  Jn 
Tola 10,830  lb.  per  aq.  m. 

and  the  rivet  value  at  the  same  point  is 

(7880)(47.6) 


70.13 
The  number  of  rivets  required  on  each  side  of  the  splice  is 

(6.36)(10,830) 


&3501b 


6360  *2-®'  ^'  ^^  "^*** 

The  number  of  rivets  required  in  plate  A  on  each  side  of  the  splice  is 

100,000       ,-_        ,,    .     , 
-yggQ-  -  12.7,  or  13  nvets. 

Plate  A  will  be  made  Ke  iu-  thick,  which  will  give  ample  area  for  shear. 
The  plates  are  38>^  in.  deep,  and  the  shearing  value  is 

(38.26)  (^) (10,000)  -  230,0001b. 

Use  two  rows  of  rivets  spaced  4H  in<  center  to  center  on  eaoh  side  of  the  splice. 

Rivets  are  sometimes  spaced  closer  near  the  top  and  bottom  of  splice  plates  designed  for  bending  stresses. 
The  spacing  should  be  uniform  because  both  the  stress  on  the  plates  and  rivets  decrease  in  the  same  ratio  from 
the  flanges  towards  the  neutral  axis.  It  will  be  found  that  the  rivet  pitch  will  be  the  same  whether  computed  for 
points  near  the  flange  or  neutral  axis. 

In  designing  web  splices,  care  should  be  taken  to  make  the  rivet  spacing  such  that  the  area  of  .the  web  is  not 
reduced  more  than  assumed  in  the  design  of  the  girder.  If  H  of  the  web  is  considered  as  flange  area,  then  the 
spacing  of  rivets  in  a  vertical  row  should  not  be  less  than  4  in.  o.  to  c.  for  H-in.  rivets. 

128.  Plate  Girder  Flange  Splices. — When  it  is  necessary  to  splice  the  flange  of  a  plate 
girder,  the  splice  should  be  arranged  so  that  not  more  than  one  part  of  the  flange  is  spliced  at 

any  point.  Also,  no  part  of  the  flange  should  be  spliced 
at  a  point  where  the  web  is  spliced.  The  different  parts 
of  the  flange  should  be  spliced  at  points  where  there  ia 
an  excess  of  flange  area.  All  flange  splices  should  be 
designed  to  fully  develop  the  member  spliced,  and 
enough  rivets  should  be  used  to  transfer  all  stress  across 
Fia.  210.  ^^^  splice.     No  allowance  should  be  made  in  the  com- 

pression    flange    for     abutting     ends.     Specifications 
usually  require  the  splice  to  be  somewhat  stronger  than  the  member  spliced. 

128a.  Splicing  Flange  Angles. — The  usual  method  of  splicing  flange  angles  is  to 
splice  one  angle  at  some  point  between  the  center  and  left  support  and  the  other  angle  at  a 
corresponding  point  at  the  right  of  the  center.  A  splice  angle  should  be  used  (see  Ilg.  210) 
and  if  possible,  the  net  area  should  be  equal  to  or  greater  than  the  net  area  of  the  flange  angle. 
Enough  rivets  should  be  used  to  develop  the  splice  angle,  and  the  spacing  should  be  close  in 
order  to  reduce  the  length  of  the  splice  angles  and  to  transfer  the  stress  in  a  short  distance. 
When  the  flange  angle  legs  are  equal,  the  splice  angle  legs  should  be  equal  and  each  leg  assumed 
to  take  one-half  of  the  stress.  The  same  number  of  rivets  should  then  be  used  in  each  leg. 
If  the  legs  are  unequal,  the  number  of  rivets  in  each  leg  should  be  in  proportion  to  the  .area  of 
each  leg. 

The  number  of  rivets  required  through  the  splice  angles  on  each  side  of  the  splice  can  be 
determined  as  follows: 

r 
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in  which  /  is  the  allowable  fiber  atrMS,  A„  the  net  area  of  the  epUce  member,  and  r  the  rivet 
value  (single  shear  in  this  case).  The  riveta  required  for  shear  in  the  flange  can  also  be  used 
as  spliced  rivets.  When  the  net  area  of  the  splice  angle  is  less  than  the  net  area  of  the  flange 
angle,  a  splice  plate  should  be  used  on  the  vertical  1^  of  the  other  flange  ai^le  (see  Fig.  211). 

He  stress  may  be  considered  as  distributed  between  the  splice  angle  and  the  . 
splice  plate  in  proportion  to  the  area  of  each.  If  the  splice  is  made  near  the  end 
of  a  cover  plat«,  the  cover  plate  may  be  extended  and  used  as  a  part  of  the  spUce 
When  the  splice  member  is  ia  contact  with  the  member  spliced  (as  the  epiici 
angle  a  in  ¥1gs.  210  and  211)  no  increase  in  the  computed  number  of  rivets  h 
necessary.  On  the  other  hand,  the  computed  number  on  each  side  of  the  joint 
for  the  splice  plate  6  should  be  increased  by  ono-third  for  each  intervening  plate. 

UtSb.  5|dicing  Com  Plates. — A  cover  plate  may  be  spliced  by  using  a  splice 
plate  of  the  same  net  area  and  long  enough  to  provide  for  the  required  number  of  rivets  in  single 
shear  (see  Fig.  212). 

When  a  oover  plate  is  spliced  near  the  end  of  another  cover  plate  (see  Fig.  213),  the  cover 
plate  may  be  extended  as  sho¥m  by  dotted  lines.  If  the  extended 
cover  plate  is  of  the  same  sise  as  the  plate  spliced,  the  splice  will 
be  satisfactory  if  enough  rivets  are  used,  lite  formula  givrai  for 
rivets  through  the  splice  angle  may  be  used  to  determine  the 
number  of  rivets  required.  When  the  splice  plat«  is  not  in  contact 
with  the  plate  spliced,  then  the  required  number  of  rivets  on  each 
side  of  the  spUce  should  be  increased  by  one-third  for  each  in- 
tervening plate,' 

in.  Connection  AnglM. — Beam  and  girder  connections  are 
usually  made  by  means  of  angles  (see  Figs.  214  and  216).     The 
method  of  computing  the  strength  of  the  connections  shown  in  Figs,  214  and  215  is  the  same 
except  that  the  number  of  rivets  in  21S  will  be  increased  according  to  Art.  124;. 
Consider  the  connection  shown  in  Fig.  216;  the  strength  will  depend  on 

1.  Four  shop  rivets  bearing  on  web  of  beam 
A. 

2.  Four  shop  rivet«  in  double  shear. 

3.  Eight  field  rivets  in  single  shear. 

4.  £^ght  field  rivets  bearing  on  the  web  of 
beam  B  or  on  the  jYa-in.  angles.  K,o.  213. 

DhutnllTe  Problnn. — AHnme  baun  il  to  b«  ■  llUn.  4S-Ib.  I,  uul  beam  B  $,  24-ia.  80-Ib.  I.     What  i>  th« 
■trvnslh  of  the  coiumtloii  if  K-in.  tivati  with  tho  foUowinc  ralugs  ue  medT 

„.               /  "hop. 10.000  lb.  par  iq.  in. 

I  fiald 7.000  lb.  par  iq.  in. 

B««in,     1?^ ao,OOOIb.par«,.ll.. 

^     I  Bald H,00a  lb.  per  iq.  In. 


Fia.  212. 


Hi  H 


PuL  314.  Fio.  310.  Pio.  31& 

ThawabtfaJoknaMoftlMlMn.  I  iiH*  in- and  of  tha  Mhd.  I  ti  M  in- (•«  Table  S).     From  Table  II  the  fot- 
lowinc  Talim  an  obtainsd: 

1  For  a  more  oomiJate  treatment  of  flahce  aplioea,  aea  ToL  3  of  Moftern  Framed  Btmetuiaa  hy  Joboaon,  BrTan. 
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Single  Bbeai    i 
BaarincoD  Ho-' 


44301b 


6800  lb. 

45901b. 

Bearina  on  veb  of  A 4  X  OKOO  -  26.240  lb. 

Double  Bhev  throuch  A 2X4  X  4420  -  M.3S01b. 

BwringonHi-in- mglrn 8X4090  -  36.720 lb. 

Single  Bheer 8  X  8090  -  24,720  lb. 

The  itrength  of  the  coDneotioD,  tbereton.  b  24,720  lb. 

Connections  of  this  kind  may  be  divided  into  two  classea — vjs^  standard  and  special. 

120a.  Standard  Connections. — The  end  connections  for  beams  may  be  made 
the  eame  for  different  sizes  of  beams  under  ccrtaia  limiting  conditions  of  loading  and  span  length. 
Many  atructural  shops  have  their  own  standards  for  theee  connections.  Table  14  gives  the 
standard  beam  connections  and  limitii^  values.  Standard  connections  should  be  used  when 
Doeeible. 

Tablb  14.' — Beam  Connectionb 


W«ghtii  Kiven  ue  lor  K-in.   ebop  riTela  and   ungle  Donneotio 
veU  or  bolu. 

■  From  Fockat  Conpwiiou,  SOth  edition,  CuMiia  S(m1  Co.,  Pitt>bur|b,  Pa. 


20%  sbould  ba  added  for  add 
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LiMiTiNa  Valubs  of  Beam  Connections 


Value  of  web 

Values  of  outstanding  legs  of  connection  angles 

1"U 

V«B«UD 

connection 

Field  rivets 

Field  bolts 

Weight 

Shop  rivets  in 

K-in.  rivets  or 

Minimum 

t, 

^^-in.    rough 

Minimum 

t. 

Q     V 

(pounds 

enclosed  bear- 

turned bcJts, 

allowable  span 

(in- 

bolts,   single 

allowable  span 

(in- 

per foot) 

ing,  (pounds) 

single  shear. 

in  feet,  uniform 

ohee) 

shear,  (pounds) 

in  feet,  uniform 

ches) 

(pounds) 

load 

load 

27 

90 

82,530 

61,900 

18.9 

H 

49.500 

23.6 

H 

24 

r  80 

67.500 

53,000 

17.5 

H 

42,400 

21.9 

H 

\74 

64.260 

63.000 

16.4 

H 

42,400 

20.4 

H 

21 

60H 

48.150 

44.200 

14.2 

H 

35,300 

17.8 

H 

20 

65 

45.000 

35,300 

17.6 

H 

28.300 

22.1 

H 

18 

/  55 

41.400 

35.300 

13.3 

H 

28.300 

16.7 

H 

148 

34.200 

35.300 

12.8 

He 

28.300 

15.4 

H 

15 

r42 

137H 

36.900 

35.300 

8.9 

H 

28.300 

11.1 

H 

29.880 

35.300 

9.7 

H 

28,300 

10.2 

He 

12 

/31H 

I  28 

23,600 

26.500 

8.1 

Ms 

21.200 

9.0 

H 

19.170 

26.500 

9.2 

Ke 

21.200 

9.2 

H 

10 

f  25 

122K 

27,900 

17.700 

7.4 

H 

14,100 

9.2 

H 

22.680 

17.700 

6.8 

H 

14.100 

8.6 

H 

0 

21 

26.100 

17.700 

5.7 

H 

14.100 

7.1 

H 

8 

/  18 
I  17H 

24.300 

17.700 

4,3 

H 

14,100 

5.4 

H 

19.800 

17.700 

4.4 

H 

14.100 

5.5 

H 

7 

15 

11.300 

8.800 

6.2 

M 

7.100 

7.8 

H 

6 

12H 

10.400 

8.800 

4.4 

H 

7,100 

5.5 

H 

5 

9H 

9.500 

8.800 

2.9 

H 

7.100 

3.6 

H 

4 

7H 

8.600 

8.800 

2.2 

Ms 

7.100 

2.7 

H 

3 

5H 

7,700 

8,800 

1.3 

M 

7.100 

1.4 

H 

AuiOWABLE  Unit  Stress  in  Pounds  per  Square  Inch 


|Ri vets— enclosed Shop  SO.OOcI 

Rivets — one  side Shop  24,000 

Rivets  and  turned  bolts. .  .  .Field  20.00Q 
Rough  bolts Field  16.000 


Single  shear 


Rivets Shop  12,000 

Rivets  and  Turned  bolts.. .  .Field  10.000 
Rough  bolts Field    8.000 


Bearing 


t  —  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame  opposite. 

Ck>nnectiona  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater  because  of  the  in- 
creased efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are  exceeded — such  as  end 
reaction  from  loaded  beam  being  greater  than  value  of  connection;  shorter  span  with  beam  fully  loaded;  or  a  less 
thickness  of  web  when  maximum  allowable  reactions  are  used. 

1296.  Special  Connections. — When  standard  connections  cannot  be  used,  it  is 
necessary  to  design  special  connections  for  each  particular  case.  The  following  conditions 
may  require  special  connections:  (1)  short  spans  heavily  loaded,  (2)  spans  with  load  near  one 
end,  (3)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  use  the  same  rivets, 
and  (4)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  only  a  part  of  the  rivets 
are  used  in  each  connection. 

For  conditions  1  and  2,  the  reactions  should  be  computed  and  enough  rivets  used  to  safely 
transfer  the  load  from  one  member  to  the  other. 

For  condition  3,  standard  connections  may  be  satisfactory  providing  the  thickness  t 
(see  Fig.  217)  is  such  that  ample  bearing  on  the  rivets  is  developed.  Otherwise  the  web 
plate  may  be  reinforced  (see  Fig.  218)  or  special  connections  used.  Special  connections  will 
undoubtedly  be  necessary  if  the  loads  on  the  beams  are  applied  near  the  ends  to  which  the 
connections  are  made.  In  any  case,  the  end  reactions  should  be  computed  and  the  rivets 
proportioned  accordingly. 

For  condition  4,  the  beams  may  not  be  at  the  same  elevation  (see  Fig.  219)  or  may  not  be 
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on  the  same  line  (see  Fig.  220).  Standard  connections  may  be  used  in  these  cases  if  ample 
bearing  is  provided  for  the  rivets  and  the  spacing  of  the  holes  can  be  made  standard. 

When  two  beams  are  near  each  other  (see  Fig.  221 ),  it  is  not  possible  to  use  more  than  one 
connection  angle  on  each  beam.    Special  connections  should  be  designed  for  such  cases. 

When  beams  do  not  frame  into  each  other  at  right  angles,  special  connections  may  be 
necessary  (see  Fig.  222).  When  <  is  ^  in.  or  less  and  &  is  3  in.  or  less,  standard  connections 
may  be  used  providing  the  angles  are  bent  to  the  proper  bevel.  When  h  is  greater  than  3  in., 
bent  plates  should  be  used  in  place  of  angles.  For  bevels  in  which  b  is  greater  than  3  in.,  care 
should  be  taken  to  see  that  rivet  holes  are  not  located  where  it  is  impossible  to  drive  the  riv^ets. 


r- 


z:\ 


m 


Fia.  217. 


Fig.  218. 


Jl 


^^^E= 


Fio.  221. 


U> ^ 


E 


»t53 


Fio.  210. 


Fxa.  22a 


Fig.  222. 


Fig.  223. 


Fig.  224. 


See  Sect.  3,  Art.  72a  for  illustrations  of  beam  connections.    See  also  Sect.  3,  Art.  72b  for  beam 
connections  to  columns. 

Connections  between  members  carrying  direct  stress  usually  take  the  form  of  a  lap  joint. 
Consider  the  connection  shown  in  Figs.  223  and  224.  In  Fig.  223  the  connection  of  the  angle 
to  the  plate  is  an  ordinary  lap  joint  and  the  rivets  are  in  single  shear  or  bearing.  In  Fig.  224 
the  connection  can  be  considered  as  a  double  lap  joint  and  the. rivets  are  in  double  shear  or 
bearing. 

129c.  Lug  or  Clip  Angles  in  Connections. — Specifications  usually  require  that 
an  angle  be  connected  by  both  legs  (see  Fig.  225).     The  allowable  value  of  an  angle  connected 

by  one  leg  varies  somewhat.  Some  specifications  allow 
only  the  value  of  the  leg  connected.  Others  allow  from 
75  to  80%  of  the  net  area  of  the  angle.  When  an  angle 
is  connected  by  both  legs,  90%  of  the  net  area  is  usually 
allowed.  Tests  show  that  an  angle  is  stronger  when  con- 
nected by  both  legs. 

When  a  lug  angle  is  used  to  connect  an  angle 
carrying  tensile  stress,  the  distance  X   (see  Fig.  225) 
should  be  such  that  the  area  of  the  angle  will  not  be 
reduced  by  more  than  one  hole. 
Fig.  225.  The  net  area  of  the  gusset  plate  on  line  aa  (see  Fig. 

225)  should  be  such  that  the  net  area  is  equal  to  or 
greater  than  the  net  area  of  the  member  connected.  If  the  connection  is  eccentric,  both  bend- 
ing and  direct  stress  should  be  considered  in  determining  the  area  of  the  plate  at  section  aa 
(see  bottom  chord  splice). 

The  computations  for  the  connection  shown  in  Rg.  225  will  be  illustrated  by  the  following 

problem. 

XUttBtrAtire  Problem. — Determine  the  strength  of  the  connection  shown  in  Fig.  226.     The  allowable  tenille 
itreta  on  the  angle  ie  IjS.OOO  lb.  per  sq.  in.     Aesume  ^^-in.  rivete  with  the  following  values: 

Shear,  10,000  lb.  per  sq.  in. 
B<Muring,  20,000  lb.  per  sq.  in. 
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The  lus  ancle  is  aaeuiiied  to  tranamit  one-half  of  the  total  etress  to  the  plate.  Also  the  etreee  is  assumed  to  be 
divided  equally  among  the  rivets. 

Table  11  shows  that  a  ^i-in.  rivet  is  good  for  4420  lb.  in  single  shear,  and  6026  lb.  in  bearing  on  a  H-in*  plate. 
The  rivets  are  therefore  good  for  (4420)  (8)  •-  36,360  lb. 

The  3H  X  3H  X  He-in.  angle  has  a  gross  area  of  2.87  sq.  in. 

Table  12  shows  that  the  area  to  be  deducted  for  a  H"^-  nvet  (^-in.  hole)  through  He-in-  metal  is  0.38  sq.  in. 
The  net  area  of  the  angle  therefore  is  2.87  —  0.38  -  2.49  sq.  in.     At  16,000  lb.  per  sq.  in.  the  angle  is  good  for 

(16,000)  (2.49)  -  39,8401b. 

But  Art.  1 29e  allows  only  90  %  of  the  net  area  of  the  angle  for  a  connection  of  this  kind.     This  value  is 

(0.0X39,840)  -  36.8601b. 

Since  this  is  greater  than  the  value  of  the  rivets,  the  strength  of  the 
connection  is  36,360  lb. 

For  a  properly  designed  joint  the  strength  should  not  depend  on 
the  rivets.  The  joint  should  be  strong  enough  so  that  if  a  failure 
occurs  it  win  be  in  the  member  rather  than  in  the  joint. 

The  number  of  rivets  connecting  the  lug  angle  to  the  main  angle 
should  be  the  same  as  used  in  connecting  the  lug  angle  to  the  plate 
because,  in  this  case,  the  rivets  in  both  connections  are  in  single  shear. 
If  the  thickness  of  the  plate  were  such  that  the  rivets  connecting  the 
lug  angle  to  the  plate  were  governed  by  the  bearing  value,  then  in  one 
case  bearing  would  govern  and  in  the  other  the  single  shear  value. 
Conditions  might  be  reversed,  however,  and  the  rivets  connecting 
the  lug  angle  to  the  main  angle  might  be  governed  by  their  strength  ^^  226. 

in  bearing. 

In  order  that  the  area  of  the  ani^e  will  be  reduced  by  not  more  than  one  rivet  hole  at  a  point  of  mazimnm 


stress,  the  first  rivet  connecting  the  main  angle  to  the  plate  must  be  spaced  far  enough  from  the  first  rivet  connect- 
ing  the  lug  angle  to  the  main  angle  so  that  tne  area  through  these  holes  wiU  not  be  less  than  the  net  area  considering 
one  hole  out.  •  Table  13  shows  that  this  distance  should  be  2H  in.  (gage  2  in.  on  a  3>l|-in.  angle,  see  Table  6). 

Diagram  16  may  also  be  used  as  follows:  The  value  of  X  should  be  sero  and  the  value  of  ir  is  3  He  in.  If  the 
rivets  used  were  ^  in.  in  diameter,  the  value  of  p  could  be  taken  from  the  diagram  at  the  point  where  g  •■  3He 
in.  outs  the  A'A  line.  As  the  rivets  are  fi  in.,  the  value  of  the  gage  g  should  be  multiplied  by  (K  +  H)*  The 
value  of  p  win  then  be  found  where  the  new  value  of  g  cuts  line  A'A,  or 

(3Hi)(M+H)-8.12in. 

Where  this  value  of  g  cuts  Kne  A-^A,  a  value  of  p  equal  to  3.38  is  found. 

The  value  of  X  in  Fig.  225  then  should  be  3H  in.  if  this  method  of  computing  net  areas 
is  used. 

The  computations  for  the  connection  shown  in  Fig.  226  are  similar  to  those  just  given 
except  that  the  rivets  connecting  both  the  lug  angle  and  the  main  angle  are  in  bearing  or 
double  shear. 

190.  Eccentric  ConnectionB. — When  the  line  of  action  of  a  force  P  does 
not  pass  through  the  center  of  gravity  of  the  group  of  rivets  (see  Fig.  227),  the 
joint  should  be  designed  to  resist  both  the  load  P  and  the  moment  Pe.  The 
moment  Pe  tends  to  revolve  the  plate  about  a  center  c'.  The  stress  on  any  rivet,  caused  by  the 
moment  Pe,  depends  on  the  distance  of  the  rivet  from  the  center  of  gravity  "c"  of  the  group 
of  rivets.  The  sum  of  the  moments  about  **c"  of  the  stresses  on  each  rivet  should  equal  Pe, 
Assume  that  a  rivet  at  a  unit  distance  from  c  takes  stress  s,  then  at  any  distance  r,  the 
stress  taken  by  a  rivet  ^ill  be  rs;  and  for  a  distance  rs,  it  will  be  us.  Since  the  center  of  gravity 
(in  this  case)  of  the  group  of  rivets  is  at  the  center  of  the  rivet  at  c,  this  rivet  will  not  be  stressed 
by  the  moment  Pe,  The  sum  of  the  moments  about  c  of  the  stresses  taken  by  the  rivets,  is 
2((ri8  X  f])  +  (rt«  X  rs)].  The  quantity  inside  the  brackets  is  multiplied  by 
2  in  order  to  include  the  rivets  below  c.    Then 

2(ri*«  -f  rzU)  =  Pe 
Pe 

8 


FiO.  227. 


rt 


or 


^w 


2(ri»  -f  r,«) 
If  two  more  rivets  are  added,  as  shown  in  Fig.  228,  the  value  of 

8  would  be 

Pe 


lie:: 


8   = 


Consider  Fig.  229 


9f 
Fio.  229. 
19 


2(ri»  -f  r,»  -f  ri») 

Pe 
"2(r«+r*  +  y«) 


Fxo.  228. 
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Expreeaing  these  equations  in  words:  To  find  the  atreas  a,  c&uaed  by  a  moment  Ps  on  a  rivet 
at  a  unit  distance  from  the  center  of  gravity  of  the  group  of  rivets,  divide  the  moment  Pe  by 
the  sum  of  the  squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the  group. 

Conuderiag  the  vkluea  shDun  on  Pia,  230 

•  ~2ue"+ M)  -«»"'■ 

A  moment  of  (4)(2O,O0O)  -  SO.OOO  in.-lb.  would  muse  a  strw  of  SOO  lb.  on  b  rivet  >t  I  in.  (mm  ci  at  1  in.  from 
c  the  stress  would  be  (4)(fiOOJ  -  2000  lb.;  knd 
Ukes  ■  atros  of  -  lb.  (n  equals  the  number  of  rivele  in  th 
-  4000  lb.  per  rivet  anil  airts  pamllel  to  the  direction  of  P 

horiionlat  lor  eu!h  rivet  (see  Pig.  233a).  The  Btre»  aanri 
Pt  and  the  streaa  -.  The  strew  on  the  rivet  at  c  ia  4000  lb. 
4000  lb.  or  __^_ 

Viobo  +  4000  -  4470  lb. 


would  be  (SXGOO)  -  4000  lb.     Id  addition,  e<uh  Hvet 
'.    The  slreea  on  each  rivet,  caused  by  the  moment  Pe, 


In  computing  the  stresses  on  rivets  in  connections  of  this  kind,  it  is  necessary  to  know  the 
square  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the  group  of  rivete.  Table 
15  gives  the  square  of  numbers  varying  by  Ke  (forci  1  to  42  in.  and  will  save  a  great  deal  of 
time  in  finding  these  values.  This  table  may  also  be  used  in  designing  web  splices  for  plate 
girders  (see  Art.  127). 

To  tlluatiale  the  use  of  the  table,  the  elreH  >  on  a  rivet  at  a  unit  distance  from  c  (soe  Fia.  234)  wiU  be  com- 
puted.   Sinee   the   rivets  »re  sym metrically  arranged  about  aa  and  bb,  it  is  neensary  to  find  tlis  square  of  tha 
diaUnce  ol  each  rivet  from  e  for  one-quarter  and  then  multiply  the  reeult  by  4. 
From  Table  Ifi 

{IH)'  -    2.25 
HH}'  -    1.80 


m  ol  ths  r  squares  ia 


21 .30  -  r^ 

(iH)'  -  2. as 

(7H)'  -  MSB 

Sfl.64  -ri> 
4  +21,38  +56.04)4  -328.88, 
_  _  (6)(40,0Q0)  _  ,_  ,. 


(2.25)13)  -    e.TG 


M.S9 
«S.17 


-  328.  OS,  (he  tame  •■  tt 
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The  reeultant  stress  on  a  rivet  may  be  found  as  follows  without  finding  the  components 

in  two  directions^  as  in  the  method  just  given:  Draw  a  line  aa  (see  Fig.  235)  through  the  center 

p 
of  gravity  c  of  the  group  of  rivets  and  perpendicular  to  the  line  of  action  of  P.    The  stress  — 

on  each  rivet  is  equal  and  acts  downward  (parallel  to  the  line  of  action  of  P).  The  stress  on 
any  rivet  on  line  aa  due  to  the  moment  Pe  acts  perpendicular  to  line  aa.  Between  c  and  the 
line  of  action  of  P,  this  stress  will  be  downward;  on  the  left  of  c,  the  action  will  be  upward.    On 

the  right  of  c  the  resultant  stress  on  a  rivet  on  line  aa  will  be  the 
sum  of  the  stress  due  to  P  and  that  due  to  Pe;  on  the  left  of  c,  the 
resultant  stress  will  be  the  difference.  At  some  point  to  the  left  of  c, 
on  line  aa,  the  upward  stress  will  equal  the  downward  and  there  will 
be  a  point  of  zero  stress.  This  is  the  point  about  which  the  plate 
would  revolve.  This  point  may  be  determined  by  the  following 
formula 


X'  = 


ne 


FiQ.  230. 


in  which  X'  is  the  distance  from  e  to  the  point,  Zr*  is  the  sum  of  the 
squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the 

group  of  rivets,  n  is  the  number  of  rivets  in  the  group,  and  e  is  the  distance  from  the  center  of 

gravity  of  the  group  of  rivets  to  the  line  of  action  of  P. 

The  stress  8  on  a  rivet  at  a  unit  distance  from  c  is  found  as  in  the  previous  method.     Then 

the  stress  on  rivets  m  and  m'  (see  Fig.  235)  is  ka,  and  acts  perpendicular  to  lines  k. 


Ck>n8ider  the  same  oonnection  as  shown  in  Fig.  230.     The  distance  to  ^  (see  Fig.  236a)  is  X'  -  — . 


From 


the  previous  problem,  Xr*  is  160,  n  is  5,  and  •  is  4  In. 

X'  - 

The  distance  k  from  c*  to  the  most  stressed  rivet  is 


160 

(5)(4) 


Sin. 


y/gt  +  8*  -  11.31  in. 

and  the  stress  taken  by  this  rivet  is  (since  •  is  600  lb.  from  previous  problem)  11.31  X  600  *  6666  lb.  and  acts 
periwndicular  to  line  k.  Since  9  is  46  deg.,  R  makes  an  angle  of  46  deg.  with  the  vertical.  These  values  check 
with  those  in  the  previous  problem.     Considering  the  connection  shown  in  Fig.  236(6) 

s  -  8  cos  46  deg.  -  (8)  (0.707)  -  6.66  in. 

y  -  8  sin  46  deg.  -  (8)  (0.707)  *  6.66  in, 
*  -  V6.66«  +  1.366« 
Tkble  16  shows  that  0.66  in.  lb  about  halfway 
between  H  and  ^He  in.     Then  from  Table  16 

(  6.66)«  -  32 
(13.66)*  -  186.6 

and  from  the  same  table 

k  -  lAH  in.  or  14.76  in. 

The  top  rivet  receives  the  maximum  stress, 
which  is 

(14.76)  (600)  -  73761b. 


Tana  - 


6.66 
13.66 


-  0.4144  -  22  deg.  30  min. 


These  values  check  with  those  obtained  by  the  other  method. 

Consider  the  connection  shown  in  Fig.  236(c).     In  this  connection  </  falls  at  the  center  of  the  bottom  rivet  and 
the  rivet  at  the  top  receives  the  maximum  stress.     The  value  of  A  is  16  in.  and  the  stress  taken  by  the  top  rivet  is 

(16)  (600)  -80001b. 

and  acts  parallel  to  the  direction  of  P.    Since  </  is  at  the  center  of  the  bottom  rivet,  there  will  be  no  stress  in  this 
rivet.     These  values  check  with  those  obtained  by  the  other  method. 

131.  Avoiding  Eccentric  Connections. — ESccentric  connections  should  be  avoided  if  pos- 
sible because  they  not  only  put  additional  stress  on  the  rivets  but  also  cause  bending  in  the 
members  connected.  The  stresses  due  to  this  bending  may  in  some  cases  be  very  high.  Ec* 
centric  connections,  of  course,  have  to  be  used  in  many  cases;  on  the  other  hand,  eccentrio 

>  See  p.  618,  Bng,  Ree.,  Nov.  7,  1914. 
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oonnectioDB  ore  often  used  when  they  can  be  avoided.    The  following  figures  iDustiate  a  imr 
of  these  connectioiu: 

The  connections  ahown  in  f^gi.  237(a)  &nd  237(6)  are  both  eccentric.    In  Fig.  237(e) 
the  hne  of  action  of  Pi,  Pi,  and  ft  meet  in  a  point  at  the  center  of  the  group  of  riveta  in  the 


bottom  chord  connection  thus  causing  no  bending  in  the  joint.  When  there  is  a  moment  in  the 
joint  due  either  to  eccentricity  ob  in  Figs.  237(a)  and  237(b),  or  due  to  the  top  chord  actii^  aa  a 
beam  plate  a  should  be  made  thicker  than  for  the  joint  in  Fig.  237(e).  Usually  a  >^-in.  plate 
is  used  and  a  few  extra  rivets  added. 

The  connection  in  Fig.  238(a)  should  be  mode  as  shown  in  Fig.  238(6),  that  in  Fig.  239(a) 
OS  shown  in  fig.  239(b),  and  that  in  Fig.  240(a)  as  shown  in  Fig.  240(6). 


1S3.  Requirements  fof  a  Good  Joint — (1)  The  rivet  holes  should  match;  the  rivets 
should  be  properly  heated  and  well  driven. 

(2)  The  line  of  thrust  should  pass  throt^  the  center  of  gravity  of  the  group  of  rivets  and 
the  rivets  should  be  symmetrically  arranged  about  this  line. 

(3)  Direct  tension  on  rivet  heads  should  not  be  allowed. 

(4)  For  a  tension  member,  the  rivets  should  be  so  arranged  that  the  ai«a  of  the  membei 
joined  is  not  reduced  more  than  necessary. 

(6)  The  number  and  siie  of  rivets  should  be  sufficient  to 
develop  the  member  joined. 

(6)  liie  total  thickness  of  metal  should  not  exceed  four 
diameters  of  the  rivet  used. 

(7)  No  loose  fillers  should  be  used. 

(8)  Members  should  be  straight  and  bolts  used  to  draw 
them  t(^ther  before  the  rivets  are  driven. 

188.  Pin  Connections. 

188a.  Bearing,  Bonding,  and  Shearing  Stresses. —  ^^^  24| 

In  building  construction,  pins  are  sometimes  used  to  connect 

members  meeting  at  a  joint  (see  Fig.  241).  Pins  are  subjected  to  bearing,  bending,  and  shear- 
ing stresses;  the  latter,  however,  may  usually  be  neglected  except  possibly  for  small  pins. 
Shear  and  bearing  values  are  computed  in  the  same  way  as  tor  rivets.  Tables  16  and  17  give 
the  bearing  and  bending  moment  values  for  different  sizes  of  pins  for  various  unit  stresses. 

In  computing  the  bending  moment  on  a  pin,  the  stresses  from  the  different  members  are 
usually  considered  to  be  concentrated  at  the  center  of  the  bearing  area  of  each  member  (see 
Fig.  242). 
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niostntiTe  Problem. — Compute  the  maidmum  bending  moment  on  the  pin  shown  in  Fie.  ^2. 
The  bending  moment  is  uniform  between  the  centers  of  plates  a,  so  the  maximum  moment  is  at  the  center  of 
plate  Of  and  is 

(75,000)  (IH)  -  112.500  in.-4b. 

The  moment  at  the  center  of  the  pin  would  be  the  same<  or 

(75,000)(2H)  -  (75,000)(1)  -  (76,000)(1H)  -  112.600  in.-lb. 

I  j  1 1  7S0tX?A  Illustrative  Problem. — Consider  the  pin  to  be  4  in.  in  diameter.     What 

1^  SET* — n|^M_y — ^should  be  the  thickness  of  each  of  the  members  if  the  allowable  unit  bearinc 

'Stress  is  20,000  lb.  per  sq.  in. 7 


(0(20.000)  (4) 
^  76.000 


76,000 
16  . 

-16*''- 


(4)  (20.000) 

Table  16  shows  that  a  1-in.  plate  is  good  for  80,000  lb. 
76.000  lb.,  the  thickness  should  be 

.  76.000        16 


Then  for 


■  T^  in. 


Fia.  242. 


80.000       16 

When  members  connected  at  a  joint  act  in  diflFerent  direc- 
tions (see  Fig.  243),  the  stresses  should  be  resolved  into  two 
planes  at  right  angles  to  each  other  (usually  horizontal  and 
vertical).  In  Fig.  243  the  stress  in  the  diagonal  member  3  should  be  resolved  into  its  horizontal 
and  vertical  components.  Then  all  the  loads  acting  on  the  pin  should  be  indicated  as  shown 
in  Fig.  244,  where  a  represents  the  horizontal  forces  and  b  the  vertical  forces. 

To  find  the  moment  on  the  pin,  the  moments  due  to  horizontal  loads  should  first  be  com- 
puted at  the  different  points;  then  the  moments  due  to  the  vertical  loads.  The  moment  at 
any  point,  then,  would  be  the  resultant  of  the  horizontal  and  vertical  moments  at  that  point,  or 


^^—^ 


■^    ^^-^ 


^•lofpfn 


(o) 


<b) 


Fia.  243. 


Fza.  244. 


in  which  Mr  and  My  are  the  horizontal  and  vertical  moments  at  the  same  point  on  the  pin. 
The  maximum  value  for  M  then  would  be  at  a  point  where  the  resultant  of  Mu  and  My  is  a 
maximum. 

The  maximum  shear  will  be  the  maximum  resultant  obtained  from  Figs.  244(a)  and  (244(6) 
y  max.  =  \/f»«+F,«  ^<w4>. 


^assQM^e 


ft 


SiXOA 


606OJS 


^ 


The  required  bearing  area  should  be  computed  ^   ^SO^Bi' 
for  the  stress  in  each  member.  ^ 

When  the  members  are  placed  symmetrically 
about  the  center  line  (see  Fig.  244)  as  they  should 
be,  only  one-half  of  the  pin  needs  to  be  considered. 

nittstratfare  Problem. — Compute  the  maximum  moment  on  **ji  _  i  ^* 

the  pin  in  the  joint  shown  in  Pig.    245.     The  horisontal  and    "^         **-    1- 
▼ertical  components  of  8480  lb.  are 

8480  X  sin  45  deg.  -  8480  X  cos  45  deg.  -  6000  lb. 

Fig.  246  shows  the  stresses  in  their  assumed  positions  with 
the  distance  of  each  from  the  center  line  of  the  pin. 

Hor.  mom.  about  h  -  (60,000)  (»He)  -  34,380  in.-lb.  Fia.  246. 

Hor.  mom.  about  c  -  (60,000)(1H)  -  (60,000)(H6)  -  34,380  in.-lb. 

Hor.  mom.  about  <f  -  (60,000)(lH«)  -  (60.000)(^6)  +  (6000)(H6)  -  37,000  in.-lb. 

Hor.  mom.  about  s  -  (60,000)(6M)  -  (60,000) (41^6)  +  (6000)(4H)  -  (6000)(3»Ms)  -  37.000  in.-lb. 

Vert.  mom.  about  e  •  0 

Vert.  mom.  about  </  -  (6000KK6)  -  2630  in.-lb. 

Vert.  mom.  about  e'-  (6000)  C^^)  +  (6000)  (Ke)  -  7880  in.-lb. 

Vert.  mom.  about «  -  (6000)(4H)  +  (6000)(3»fi«)  -  (12,000)(3H)  -  7880  in.-lb. 


Horizontal 
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Max.  mom.,  then,  is  at  e  and  is 

V(S7,000)«  +  (7880) «  -  37,800  in.-lb. 

lUastratiTe  Problem. — Aasume  an  allowable  unit  stress  of  24,000  lb.  per  eq.  in.  in  bearing  and  a  unit  fiber  streM 
of  24.000  lb.  per  sq.  in.  Determine  the  sise  of  pin  necessary  for  the  joint  in  Fig.  246.  The  width  of  members  shown 
in  Fig.  246  are  to  be  used. 

The  maximum  bending  moment  is  37,800  in.-lb.  Table  17  shows  a  pin  2^  in.  in  diameter  to  be  satisfactory 
for  moment.     By  inspection  it  is  seen  that  the  H-ui«  plate  governs  for  bearing.     The  required  diameter  is 

(H)  (24,000)  (d)  -  50.000 

^       (H)(24.000)       ^'^^  *"• 
A  3>i-in.  pin  should  be  used. 

Table  16  shows  that  a  3H-in-  pin  »  good  for  84,000  X  H  "  52,500  lb.  in  bearing,  which  is  satisfactory.  Th« 
maximum  shear  b  60,000  lb.;  and  the  required  area  for  shear  at  a  unit  stress  of  12,000  lb.  per  sq.  in.  is 

50.000       .  ,-        , 
^2;^  -  4.16  sq.  in. 

A  pin  2H  in*  >a  diameter  would  therefore  be  satisfactory  for  shear  as  its  area  is  4.91  sq.  in. 

1836.  Pin  Plates. — Usually  the  webs  of  mem- 
bers, comiected  by  pins,  are  not  thick  enough  to  transfer  the 
stress  between  the  pin  and  the  member.    Plates  are  riveted  to 
the  web  (see  Fig.  247)  to  increase  the  bearing  area  and  enough 
Fxo.  247.  rivets  are  tised  to  transfer  the  stress  taken  by  the  pin  plates  to 

the  web.    The  stress  in  bearing  taken  by  the  web  and  by  the 
pin  plate  is  in  proportion  to  the  thickness  of  each. 

DlastratiTe  Froblem.^-Gon8ider  the  thickness  of  the  channel  web  to  be  H  in.  and  that  of  the  plate  fi  in 
Compute  the  number  of  f^-in.  rivets  necessary  to  connect  the  plate  to  the  channeL     Assume  a  3-in.  pin. 

Bearing  value  on  pin 24,000  lb.  per  sq.  in. 

Bearing  value  of  rivets 24,000  lb.  per  sq.  in. 

Shearing  value  of  rivets 12,000  lb.  per  sq.  in. 

The  stress  taken  by  the  pin  plate  is 

(H)  (24,000)  (3)  -  27,0001b. 

The  value  of  a  f^-in.  rivet  in  single  shear  is  (from  Table  11)  5300  lb.  and  the  bearing  value  is  4500  lb. 
The  number  6f  rivets  required  is,  therefore 

27,000       ... 

T600-  -  ®  "^***» 
The  value  of  the  pin  connection  is 

(H)  (24,000)  (3)  -  45,0001b. 

niostrative  Problem. — Suppose  a  K-in-  plate  is  used  on  the  back  of  the  channel  and  the  M-in.  plate  is  mad*. 
H  in.     Determine  the  number  of  rivets  required  to  develop  the  value  of  the  pin  in  bearing. 

The  total  thickness  of  metal  is 

H  +  >i  +  H  -  1  in. 
and  the  bearing  value  is 

The  bearing  on  the  H~in>  plate  is 

The  bearing  on  the  yi-ln.  plate  is 


(1)(24.000)(3)  -  72,000  lb.  (see  Tabte  16) 

(H)(72,000)  -  36,0001b. 
(fi)  (72.000)  -  18,0001b. 


One  rivet  is  good  for  45(X)  lb.    If  one-half  of  the  rivet  value,  or  2250  lb.,  be  allowed  in  each  plate,  the  number  of  < 
rivets  required  for  the  K-in.  plate  is 

18,000       -    ,. 
2260- ■  ^  "'^"** 

Then,  in  the  M-in.  plate,  additional  rivets  at  a  value  of  4500  will  be  necessary,  or 

36.000  -  18.000 


4500 


4  rivets 


If  the  value  of  a  rivet  is  assumed  to  be  divided  between  the  plates  in  proportion  to  their  thicknesses,  the  values 
will  be 
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In  deaigniiiB  tension  membere  the  net  areft  through  the  pm  hole  and  also  at  the  back  of  the 
pin,  ahould  be  such  that  failure  will  not  occur  at  these  points.    Some  specifications  require  that 
the  net  area  on  line  xx(see  Fig.  248)  be  25%  greater  than  the  net  area  of  the  pin  plate  on  aa, 
and'tbat  the  net  area  on  yy  be  75%  of  the  area  on  zr.    Other  specifications 
require  that  the  net  area  on  line  sx  be  25%  greater  than  the  net  area  of  the 
pin  plate  on  aa  and  that  on  jfjf  be  equal  to  the  net  area  on  aa.     The  net 
area  of  the  plate  on  section  aa  should  be  equal  to  or  greater  than  the  net 
section  of   the  member    to    which  it  is  riveted.     The  method  outlined 
under  rivete  should  be  used. 

U3«.  Pin  Packing. — A  sketch  showing  the  arrangement  of 
the  membeiB  connected  by  a  pin  should  always  be  made  in  order  that  the 
different  members  will  be  placed  properly  when  the  structure  is  erected. 
Suppose  in  fig.  246,  members  2  and  3  are  interchanged;  the  moments 
would  then  be  (see  Fig.  249). 

Hor.  mom.  about  a  =  Cl!^)(50,000)+(Ke)(«»0)  -  59,825  in  .-lb. 

Hor.  mom.  aboutft  -  (liKe)(50,000)+  (1J^)(6000)  -  (?iB)C&0.000)  - 

63,000  in.-lb.  p,o  348. 

Vert  mom.  about  b  -  (6QOO)(1M)  -  67E0in.-lb. 


M»  =  V(63,000)'  +  (6760)'  -  63,360 in.-lb. 

which  is  almost  two  times  the  maximum  moment  found  for  the  other  arrangement  of  mMnbers. 
When  there  is  a  space  between  two  merabere,  fillets  should  be  used  to  keep  them  in  position. 
U3d.  Clearance. — In  designing  a  pin- 
connected  joint,  usually  J^e  in,  is  allowed  between 
neyebara;  }i  in.  between  an  eyebar  and  a  built-up 
member;  and  }i  in.  between  built-up  members. 
Rivet  heads  or  any  projection  should  be  coneidered 
.  and  the  above  clearances  allowed  in  addition  to  the 
height  of  the  projection. 

ISSe.  Grip. — Tlie  length  of  a  pin  is 
computed  allowing  the  above  clearances.  Then  to  this  length  }^  to  ^  in.  is  added  to  obtain 
the  grip.  Tables  18  and  19  give  the  dimensions  for  standard  pins.  Cotter  pins  are  not  used 
a  great  deal  except  in  lateral  connections  and  when  used  the  bars  should  be  arranged'so  the 
pin  will  be  in  double  shear. 


ytefpn 


188/.  Pin  Holes. — Spedficationa  uaually  re-  ^^^"' 


Drrnrts  nu^ 


quire  that  the  diameter  of  a  pin  hole  shall  not  exceed  the 
diameter  of  the  pin  by  more  than  J-^o  in.  for  pins  up  to  6 
in.  in  diameter;  for  larger  pins,  J^j  in.  may  be  allowed. 
The  distance  center  to  center  of  pin  holes  is  usually  required  to  be  correct  to  J^j  in. 

183;.  Pilot  Point  and  Driving  Nnt.^To  prevent  the  threads  on  the  ends  of  the 
pin  from  being  injured  when  the  pin  is  driven,  a  pilot  point  and  driving  nut  are  used  (see  Fig. 
250).  These  are  threaded  the  same  as  the  pin  nute  and  after  driving  the  pin,  they  are  unscrewed 
and  the  nuts  put  on. 
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Table  18J 


-Recessed  Pin  Nuts — ^American  Bridoe  Company  Standard 

(All  Dimensioiis  in  Inches) 


1^   aamneeanmmsnouners^ 


Diameter  of  pin, 
d 

Pin 

Nut 

« 

Thread 

Add 

< 

Diameter 

•s 

a 

Diameter 
rough  hole 

Weight 
(pounds) 

Pat- 

a 

b 

to 
grip 

n 

m 

c 

tern 
No. 

2.      2>i 

IH 

1 

H 

H 

2»K6 

3K 

2K 

K 

1  Ht 

1.1 

PN21 

2H,2H 

2 

IH 

Va 

1 

3  M« 

4K 

3K 

K 

1»K« 

1.7 

PN22 

3.      -SK.  3H 

2H 

IH 

Va 

IK 

4  H« 

5 

3K 

K 

2  H« 

2.5 

PN23 

•3?i.  4 

3 

1« 

H 

IK 

4  ''A 

5K 

4K 

K 

2»H« 

3.7 

PN24 

•4>i.    4H.HH 

3H 

IK 

H 

IN 

6  K 

6K 

5K 

K 

3  Me 

4.6 

PN  25 

6.     '5^ 

4 

IH 

H 

IK 

6  K 

7K6 

5K 

K 

3>K6 

6.2 

PN26 

5H.  'SH.  6 

4H 

IVa 

K 

IK 

7 

8K 

6K 

^« 

4  H« 

7.8 

PN27 

^fiH**1iyi 

6 

IH 

H 

IK 

7  K 

8K 

7 

K 

4>K6 

9.9 

PN28 

•««.  7 

6H 

2 

H 

IK 

8  K 

9K 

7K 

K 

6  He 

11.8 

PN29 

•7K.  7H 

6H 

2 

Va 

IK 

8  K 

10 

8 

K 

5  H« 

14.3 

PN30 

•7H.    8,     •8K 

6 

2H 

H 

2K 

9  K 

lOK 

8K 

K 

5>M« 

18.6 

PN31 

•8H.             9 

6 

2M 

H 

2K 

10  K 

UK 

9K 

^i 

5>H6 

23.8 

PN32 

•9H.           10 

6 

2« 

^i 

2K 

11  K 

13 

lOK 

K 

5>H6 

31.1 

PN33 

Pins  marked  *  are  special. 

Table     19.* — Cotter    Pins — American    Bridge    Company    Standard 

(All  Dimensions  in  Inches) 


Pin 

Head 

Q 

Cotter 

Pins 

91 

Cotter 

V 

k 

e 

d 

VI 

c 

d 

IK 
IK 
IK 
2 

2K 
2K 
2K 
3 

3K 

3K 
3K 

IK 

IK 

2 

2K 
2K 

2K 
3K 
3K 
3K 

4 

4K 

1 

\« 

+ 

c 

o 

55 

2 

2K 
2K 

3 

3K 

3K 

4 

5 

5 

6 

6 

K 

K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

IK 
IK 
IK 

2 

2K 

2K 
2« 
3 

3K 
3K 
3K 

+ 

O 

2 

2K 
2K 
3 

3K 

3K 

4 
5 
5 
6 
6 

K 
K 

K 

K 
K 
K 
K 
K 
K 
K 
K 
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HASOITRT  ARCHES 

Bt  Alfbed  Whebler  Roberts 

Flat  aroIiGs  am  caaunou  in  the  walls  of  ordiaary  buildings  for  spajuiiiig  over  window  or 
door  openings,  but  in  buildings  which  call  for  a  great  deal  of  architectural  adornment,  ttie 
curved  arch  is  used  as  it  adds  a  great  deal  to  the  sppearsnoe.  The  exact  form  of  arch  to  be 
used  in  any  given  case  depends  upon  the  style  of  tiie  building  and  the  amount  of  apace 
available. 

An  arch  over  an  op^ng  in  a  building  does  the  woi^  of  a  lintel  by  supporting  the  wall 
over  the  opening  and  any  auperimpoaed  load.'  Thus  an  arch  answers  the  same  purpose  a« 
an  ordinM?  beam,  but  the  action  is  quite  different,  inasmuch  aa  a  beam  produces  vertical 
reactions  only,  while  an  arch  produces  an  outwaid  thrust  upon  its  supports  as  well  as  a  ver- 
tical pressure.  In  designing  arches,  special  care  should  be  taken  that  the  supporting  abut- 
ments are  capable  of  taking  this  outward  thrust. 

In  plain  buildings  where  the  window  openings  form  no  particular  adornment  to  the 
structure,  it  b  usually  a  great  deal  cheaper  to  carry  brick  work  on  lintels  over  an  opening. 
These  lintels  usually  conwst  of  several  pieces  of  plain  ai^e  irons,  the  out«r  one  of  which  is  set 
a  bifle  below  the  ones  supporting  the  back  courses  of  brick  work,  to  hold  the  window  box  in 
position  and  to  act  as  a  weather  guard. 

In  the  oonstruotion  of  masonry  arches, 
forms  are  built  usually  of  wood,  the  top  of 
these  forms  coinciding  with  the  line  of  the 
intrados  of  the  arch.  The  forms  serve  as  a 
support  for  the  different  arch  sections  until 
the  keystone  is  placed  and  the  masonry 
has  had  sufficient  time  to  set. 

Ul,  Ddnitiona.— The  intrados  is  the 
inner  curve  of  the  arch  (Fig.  251).  The 
outer  curve   is  termed  the   exiradot.     The 

soffit  is  the  concave  surface  of  the  arch.  Pia.  251, 

VmissoiTs  or  ringatonet  are  the  pieces  com- 
posing the  arch.  The  highest  or  center  stone  is  called  the  keystone  or  key  block.  The  crown 
is  the  highest  part  of  the  arch.  The  first  courses  at  each  side  are  called  sprinjers.  In  a 
segmental  arch,  the  inclined  surface  or  joint  upon  which  the  end  of  an  arch  rests  is  called 
a  sketoback.  The  syrinffing  lijie  is  the  inner  edge  of  the  skewback.  The  voussoirs  between 
the  keystone  and  the  springera  are  called  collectively  the  hatiTick  of  the  arch,  and  the  portion 
of  the  wall  above  the  haunches  and  below  a  horizontal  line  through  the  crown  is  termed  the 
apandrd.  The  sides  of  the  arch  which  are  seen  are  called  faces.  The  span  is  the  horizontal 
distance  between  springing  lines  measured  parallel  to  the  faces.  The  rise  is  the  height  of 
intrados  at  crown  above  level  of  springing  lines. 

The  keystone  is  sometimes  made  to  project  several  inches  above  the  extrados  line,  but 
this  portion  so  projected  adds  nothing  to  the  strength  of  the  arch  and  is  usually  elevated  for 
appearances  only. 

18B.  Depth  of  Keystone. — There  is  no  exact  method  of  determining  the  required  depth 
of  the  voussoirs  or  of  the  keystone.  The  thickness  of  an  arch  must  be  assumed  and  then  lie 
arch  investigated  in  regard  to  strength. 

There  ore  several  rules  that  have  been  established  by  recognized  authorities  for  establishing 
the  depth  of  keystones,  but  these  are  admitted  to  be  only  empirical.  They  are  a,  good  guide, 
however,  for  making  a  selection  for  trial. 

Trautwine's  formula  for  the  depth  of  tiie  keystone  for  a  first-class  cut^tone  arch,  whether 
circular  or  elliptical  is 

Depth  of  key  m  feet  =  K\radius  of  intrados  +  ^—^  +  0.2 

■  See  ilH  Alt.  n 
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For  second-clafis  work,  this  depth  may  be  increased  about  J4  part;  and  for  brick  work  or  fair 
rubble,  about  H- 

- 136.  Forms  of  Arches. — ^Arches  are  built  in  a  great  variety  of  forms,  the  most  common 
of  which  are  semicircular,  segmental,  multi-centered,  and  ellipticaL  7?he  name  is  determined 
by  the  curve  of  the  intrados  or  inner  curve  of  the  arch. 

The  joints  of  semicircular  and  segmental  arches  radiate  from  a  single  center.  In  arches 
having  two  or  more  centers,  the  joints  in  each  arc  radiate  from  their  respective  centers.  The 
joints  in  flat  arches  radiate  from  the  vertex  of  an  equilateral  triangle  having  the  span  line 
at  springing  as  a  base. 

Semicircular  and  semi-elliptical  arches  are  full  centered — ^that  is,  they  spring  from  hori- 
zontal beds — while  segmental  arches  spring  from  incUned  beds  called  skewbacks  (see  Fig.  251). 
Multi-centerd  arches  may  have  beds  either  inclined  or  horizontal.  Minor  curves  joining  the 
arch  soffit  to  pier  or  abutment  are  not  effective  and  should  not  be  considered  as  part  of  the  arch 
rise.  Full  centered  arches  should  be  used  when  it  is  necessary  to  make  the  abutments  of  the 
arch  as  small  as  possible. 

A  relieving  arch  is  one  set  immediately  above  a  lintel,  to  carry  the  waU  above  and  to  relieve 
the  lintel  of  all  except  its  own  weight  and  the  weight  of  the  wall  between  the  lintel  and  the 
arch.  This  form  of  construction  is  generally  used  in  brick  walls.  Some  building  codes 
require  a  relieving  arch  over  the  procenium  girder  in  a  theatre. 

137.  Brick  Arches. — Arches  built  of  brick  are  most  commonly  used  over  window  openings. 
They  are  also  used  to  support  sidewalks  over  vaults.  In  constructing  these  vaults,  brick 
arches  are  sometimes  sprung  between  the  vertical  columns  at  the  curb  and  make  a  very  effective 
retaining  wall. 

When  fireproof  structures  were  first  used,  brick  arches,  sprung  between  the  flanges  of 
iron  beams,  were  used  to  support  the  floors.  As  this  form  of  construction  is  very  unsightly, 
it  is  not  used  in  modem  construction,  except  occasionally  in  buildings  of  an  unfinished 
nature,  such  as  in  warehouses  and  mills. 

Brick  arches  can  be  built  either  of  wedge-shaped  bricks  made  to  fit  the  radius  of  the  soffit, 
or  of  common  bricks.  The  former  method  is,  of  course,  preferable  but  much  more  expensive. 
The  common  forms  of  building  brick  will  be  found  to  fill  most  requirements,  and  to  be  the  most 
economical  in  cost.  A  brick  arch  should  never  be  less  than  4  in.  in  depth,  and  the  bricks  should 
be  laid  on  edge  supported  by  a  temporary  center  until  they  have  properly  set.  In  using  common 
size  brick  the  joints  at  the  intrados,  will,  by  necessity,  be  smaller  than  at  the  extrados  to  accommo- 
date the  curvature  of  the  arch.  Unless  the  curvature  is  very  sharp,  the  mortar  will  take  up 
the  difference  in  space  satisfactorily,  in  which  case  small  pieces  of  slate  can  be  driven  in  the  spaces 
at  the  extrados  of  each  course  of  brick. 

An  arch  4  in.  thick  will  support  a  considerable  load  over  a  span  of  from  4  to  6  ft.  and 
the  span  can  be  made  as  large  as  8  ft.  for  loads  in  proportion,  with  safety.  If  arches  are 
more  than  4  in.  thick,  the  bricks  should  be  alternated  by  laying  one  on  edge  and  the  next  on  end 
to  form  a  bond. 

For  arches  supported  on  piers  which  have  not  the  stabiUty  to  take  the  arch  thrust,  cast-iron 
skewbacks  should  be  provided  from  which  to  spring  the  arch  and  the  thrust  is  then  taken  up  by 
tension  rods  fastened  to  the  skewbacks.  The  horizontal  thrust  of  the  arch  is  very  closely 
determined  by  either  of  the  following  formulas  and  equals  the  tension  produced  in  the  rods: 

mu      X       1 . 6  X  load  per  square  foot  X  (span) ' 

inrUSt   =    : e 17~' : il 

rise  of  arch  in  inches 
or 

Th      +  ss   load  on  arch  X  span 
8  X  rise  of  arch  in  feet 

Good  proportions  of  rise  to  span  occur  when  the  radius  is  equal  to  the  span,  or  }i  of  the 
span  equals  the  rise. 

The  required  minimum  thicknesses  of  brick  arches  in  proportion  to  the  span  is  covered 
by  the  various  building  codes. 

For  all  brick  arches  carrying  floors,  tie  rods  should  be  provided  between  the  supporting 
beams  or  walls  to  take  up  the  thrust. 


Sec.  2-138] 


STRUCTURAL  MEMBERS  AND  CONNECTIONS 


301 


Fia.  252. 


138.  Bxtemal  Forces. — ^Let  Pi  aad  Ps,  Fig.  252,  represent  the  resultants  of  all  the  loads 
on  the  left  and  right  halves  of  the  arch  respectively,  the  loads  being  equal  in  amount  and 
applied  symmetrically  with  respect  to  the  span  of  the  arch.  Let  Ri  and  Rt  represent  the 
vertical  reactions.  As  the  loads  are  equal  and  symmetrically  placed  with  respect  to  the  span 
of  the  arch,  then  Ri  and  Ri  are  equal  to  each  other  and  equal  to  loads  Pi  and  Ps.  Let  Rt  and  R* 
represent  the  horizontal  thrust  at  the  supports  which 
will  both  be  equal. 

Now  assume  one-half  of  the  arch  to  be  taken  away  as 
in  Fig.  253.  To  preserve  equilibrium  in  the  half  shown, 
a  force  must  be  applied  at  the  crown  as  /{»,  which  must 
be  equal  to  Rt.  The  algebraic  sum  of  the  vertical  forces, 
and  likewise  the  sum  of  the  horizontal  forces,  must  equal 
zero  in  order  to  produce  equilibrium.^  Then  Ri  must 
equal  Pi,  and  Ri  must  equal  Rt,  Also  the  sum  of  the 
moments  about  any  point  must  equal  zero.^     Therefore,  taking  moments  about  the  abutment, 

Any  number  of  loads  can  be  treated  in  the  same  manner  and  if  they  are  equal  and  sym- 
metrical about  the  center  of  the  arch,  only  one-half  of  the  arch  need 
be  investigated  as  both  halves  will  be  alike.  If,  however,  the  loads 
are  not  equal,  or  are  not  placed  symmetrically,  or  if.  the  arch  is 
unsymmetrical,  the  thrust  at  the  crown  will  not  be  horizontal. 
Only  symmetrical  conditions  will  be  considered  in  this  chapter  as 
is  usually  the  case  with  arches  in  building  construction. 

139.  Determining  the  Line  of  Pressure. — To  get  a  fair  idea  of 
the  nature  of  the  stresses  and  the  line  of  pressure  in  an  arch,  con- 
sider the  following  conditions: 
Suppose  a  cord,  fastened  at  each  end  supports  a  number  of  loads  as  in  Fig.  254.  The  cord 
will  take  a  position  of  equilibrium,  depending  on  the  amount  and  location  of  the  loads.  In 
a  case  like  this,  the  cord  is  in  tension.  For  an  inverted  case,  as  shown  in  Fig.  255,  the  forces 
are  still  in  equilibrium,  but  in  place  of  a  cord  in  tension,  the  broken  line  between  the  points 
of  loadings,  must  be  members  capable  of  taking  compression.  The  latter  case  represents  the 
condition  that  exists  in  an  arch,  and  the  line  intersecting  the  vertical  load  lines,  forms  the  line 
of  pressure  or  line  of  resistance,*  The  material  of  which  the  arch  is  constructed  must  be  of  such 
strength  and  so  disposed  as  to  safely  resist  the  compressive  forces  acting  along  this  line — ^that 
is,  the  maximum  intensity  of  pressure  at  any  point  must  not  exceed  the  allowable  stress.* 

The  line  of  pressure  for  a  masonry 
arch  should  lie  within  the  middle  third 
of  the  arch  ring.  For  instance,  with 
an  arch  3  ft.  deep,  the  line  of  pressure 
should  be  within  a  space  6  in.  on  either 
side  of  the  center  of  the  depth.  If 
the  line  of  pressure  falls  outside  of  the 
middle  third,  the  joints  tend  to  open, 

which  condition  will  tend  to  make  the  arch,unsightly,  and  cause  cracks  in  the  masonry  above 
the  arch ;  also,  the  pressure  line  may  make  an  angle  with  some  of  the  joints  between  voussoirs 
such  as  to  cause  the  voussoirs  to  slide  on  their  surfaces  of  contact — in  other  words,  the  tangent 
of  the  angle  between  the  line  of  pressure  and  the  normal  to  any  joint  may  be  greater  than 
the  coefficient  of  friction. 

1  See  Sect.  1.  Art.  436. 

*  Since  loada  are  distributed  in  an  arch,  the  line  of  pressure  is  in  reality  a  continuous  curve,  but  differs  very 
little  from  an  equilibrium  polygon  for  the  concentrated  loads  as  usually  assumed.  For  method  of  drawing 
equilibrium  polygon,  see  Sect.  1.  Art.  43(a). 

'  See  Sect.  1,  Art.  103,  for  explanation  as  to  how  the  maximum  unit  stress  may  be  obtained  at  any  given  section 
provided  the  normal  component  of  the  resultant  thrust  on  the  section  is  known  in  position  and  amount. 
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To  determine  the  line  of  prasBure  or  equilibrium  polygon  for  any  voiissoir  or  plain  concrete 
arch,  a  point  on  this  linemustbedeteiminedat  the  crown  and  one  at  the  abutment,  otherwise  an 
indefinite  number  of  lines  of  pressure  could  be  drawn.  The  true  line  of  pressure  ia  ususlly  eon- 
Bidered  to  be  the  one  lying  nearest  to  the  center  line  of  the  arch.  It  follows,  therefore,  that  if  a 
line  of  resistance  can  be  drawn  within  themiddlethirdof  the  arch  ring,  the  true  line  of  resistance 
will  lie  within  the  middle  third.  It  is  not  always  possible  to  determine  at  first  trial  as  to 
whether  a  line  of  pressure  can  be  drawn  which  will  be  wholly  within  the  middle  third.  By  using 
good  judgment,  however,  in  the  selection  of  controlling  points  through  which  to  pass  the  equilib- 
rium polygon  or  line  of  pressure,  two  or  three  trials  will  usually  suffice.  If  a  line  of  pressure 
cannot  be  drawn  so  as  to  pass  through  the  middle  third,  either  the  thickness  of  the  arch  must 
be  increased  or  the  shape  of  the  arch  ring  changed. 

For  the  first  trial  the  middle  points  at  the  crown  and  skewback  may  be  assumed  as  points 
on  the  line  of  pressure.  For  other  trials,  however,  the  upper  limit  of  the  middle  third  should 
be  used  at  one  joint  and  the  lower  limit  of  the  middle  third  at  the  other  joint. 

The  following  is  quoted  from  the  American  Civil  GngineeiB'  Pocket  Book  and  shows  how 

one  may  proceed  in 
determining  as  to 
whether  a  line  of  pres- 
sure may  be  drawn 
within  the  middle 
third  of  the  arcb  ring 
after  a  first  trial  is 
made  and  the  first 
pressure  line  found  to 
lie  outside  of  the 
jniddle  third: 
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In  taking  the  loads  on  arches,  all  weights  must  be  reduced  to  the  same  standard.  The 
loads  are  made  equivalent  to  masonry  weighing  in  pounds  per  cubic  foot,  the  same  as  the 
masonry  of  the  arch  ring.  Usually  1-ft.  width  of  the  arch  is  considered.  To  determine  the 
loads  to  consider  in  investigating  flat  segmental  arches,  the  arch  ring  and  its  load  may  be 
divided  into  vertical  slices,  as  shown  in  Fig.  256.  For  full-centered  arches,  however,  it  is  more 
accurate  to  divide  the  arch  ring  into  a  certain  number  of  voussoira,  the  rest  of  the  load  being 
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divided  vertiooUy,  as  shown  in  fig.  267.    In  this  case,  it  is  less  easy  to  find  the  positioo  of  each 
load  than  in  the  vertic&l-atioe  method  but  the  method  of  investigation  ia  the  same.* 

lS9a,  Giaphical  Hethod. — B^tin  by  drawing,  to  scale,  a  diagram  of  one-half 
the  aroh.  The  load  upon  one-haif  the  arch  must  next  be  determined.  Lay  off,  to  scale,  a 
height  of  masonry  whoee  weight  will  repreaeot  this  load.  Commencing  at  the  crown,  divide 
the  load  into,  say,  2-rt.  sections  as  far  as  possible.  The  weight  of  each  slice  will  be  its  contents 
multiplied  by  the  we^ht  per  cubic  foot,  and  is  marked  on  the  diagram.  Next,  fix  a  point  at  the 
crown,  tmd  one  at  the  spring  of  the  arch,  through  which  the  pressure  curve  or  equilibrium  poly- 
gon is  assumed  to  pass.  The  points  may  lie  anywhere  within  the  middle  third  of  the  width; 
but  the  point  "a"  at  the  crown  has  been  taken  at  the  outer  edge,  and  the  point  "w"  at  the 
spring  at  the  inner  edge,  of  the  middle  third. 

layoff  from  "o"  on  the  vertical  orf',  the  distances  afi,  he,  cd,  etc.,  which  represent  the  weight 
of  the  slices  from  the  crown  to  the  spring.  Next  draw  45-dpg.  lines  from  a  and  A,  intersecting 
at  i;  and  from  t  draw  ib,  ic,  id,  ete.  Through  the  center  of  gravity  of  each  slice,  draw  a  vertical, 
as  <n>,  pw,  qx,  etc.  Starting  from  a,  draw  av  parallel  to  at;  from  i>,  draw  mo  parallel  to  bi,  etc. 
These  lines  form  a  broken  line,  which  changes  its  direction  on  the  vertical  line  through  the 
center  of  gravity  of  each  slice.    From  the  last  point  k,  draw  ^'  parallel  to  ih,  and  intersecting 
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at,  extended,  at  j;  from  j  draw  a  vertical  line  j'l,  which  will  pass  through  the  center  of  gravity 
of  the  half  arch  and  load.'  From  I,  lay  off  a  distance  Im  equal  to  oA,  which  represents  the  weight 
of  t!^  the  slices.  From  I  draw  a  line  through  the  point  u;  and  from  m,  a  horizontal  line  inter- 
secting lu,  extended,  at  n.  Then  mn  will  be  the  horizontal  throst  at  the  crown,  required  to 
maintain  the  half  arch  in  equilibrium  when  the  other  half  is  removed;  and  In  will  be  the  direc- 
tion and  amount  of  the  oblique  thrust  at  the  skewback.  On  la  extended,  lay  off,  from  a,  a  dis- 
tance ah'  equal  to  mn.  From  6',  draw  lines  to  6,  c,  d,  etc.,  which  represent  the  thrusts  at  the 
center  of  gravity  of  each  slice.  From  a,  draw  aa,  parallel  to  t'a;  from  o,  draw  op,  parallel  to 
ft'b,  etc.,  then  a,  o,  71,  etc.,  will  be  points  on  the  line  of  pressure.  If  this  line  lies  within  the  middle 
third,  the  arch  will  be  stable,  provided  the  pressure  is  within  safe  limits.  Ute  pressure  at  u 
is  found  by  measuring  h'h  with  the  same  scale  as  for  06,  he,  etc. 

Having  calculat«d  the  weight  of  the  pier  or  wall,  lay  off  this  weight  on  the  vertical  line 
from  h  to  d',  and  draw  d'h'.  Draw  a  vertical  line  through  the  center  of  gravity  of  the  pier, 
cutting  in  at  c';  also,  a  line  from  c*,  parallel  to  h'^.  The  latter  Uno  will  be  the  resultant  thrust 
of  the  arch  ,  after  being  influenced  by  the  weight  of  the  pier.  If  this  line  falls  beyond  the  foot 
of  the  pier,  at  the  ground  Une,  the  pier  wili  be  incapable  of  resisting  the  thrust  of  the  arch.  In 
order  that  a  pier  may  be  secure,  this  final  or  resultant  line  of  thrust  should  fall  on  the  ground 
line,  well  within  the  middle  third  of  the  base. 


■0  parkUel  Ion 


I,  SMSnt.  1,  Art.  41. 


304 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  2-1396 


1896.  Algebraic  Method. — In  the  arch  shown  in  Fig.  258  the  pressure  curve 
is  considered  as  passing  through  the  points  at  the  abutments  }i  the  depth  of  the  voussoirs  from 
the  intrados,  and  through  the  center  of  depth  at  the  crown.  The  arch  and  load  are  divided 
by  dotted  lines  into  sections,  which,  for  convenience  are  numbered. 

If  to  be  the  width  of  any  section  and  h  its  average  height,  then  its  area  ''a 'Ms  to  Xh  Also, 
if  ''c"  is  the  distance  from  the  crown  to  the  center  of  gravity  of  a  section,  the  moment  m  of  any 
section  about  the  crown  is  a  X  c.  Gall  A  the  sum  of  all  the  a*8  from  the  crown  up  to  and  in- 
cluding the  section  considered.  Call  M  the  total  of  the  m's.  Then  the  distance  C  from  the 
crown  to  the  center  of  gravity  of  the  portion  between  the  crown  and  the  section  considered  is 

M 

—  of  that  section.     The  above  values  may  be  tabulated  as  follows: 


Section 

w 

h 

a^wXh 

c 

m  "  aX  c 

A  -^  Za 

Af  -  2m 

^       A 

1 

2 

3 

4 

■ 

5 

6 

(x)  (P) 

The  horizontal  thrust  at  the  crown,  Q  =  — jr — ,  in  which  x  is  equal  to  one-half  the  theo- 
retical span,  minus  the  value  of  C  for  the  sixth  section.  P  is  equal  to  A  for  the  last  section,  and 
b  equals  the  theoretical  rise  of  the  arch.     Hence,  taking  moments  about  m, 

^  b 

Multiplying  by. the  weight  of  the  masonry  per  cubic  foot,  the  horizontal  thrust  is  obtained. 

The  line  of  pressure  may  now  be  determined  as  follows:  Draw  through  point  p  in  Fig.  258 
the  horizontal  line  yz;  lay  off  to  scale  from  p,  in  order,  the  distances  C  obtained  from  table« 
At  these  points  lay  off  the  vertical  distance  e/,  gh',  ij^  etc.,  equal  respectively  to  the  values  of 
A  for  each  section,  from  the  column  headed  A.  From  /,  h'^  j,  etc.,  to  the  same  scale,  mark 
off  the  constant  horizontal  thrust  Q,  as  at  fq,  h'r,  j«,  etc.  Thus  the  vertical  and  horizontal  forces 
at  each  section  being  given,  the  resultant  of  these  two  forces  in  each  case  is  eq^  gr,  i8,  etc.  Ex- 
tending each  until  it  intersects  the  joint  beyond  e,  g,  t,  etc.,  the  pressure  curve  may  be  drawn 
through  these  latter  points  of  intersection,  as  shown  by  the  heavy  black  line,  and  the  thrust  at 
the  joints  may  be  found  by  measuring  eq,  gr^  i«,  etc.,  with  the  scale  to  which  the  diagram  was 
drawn. 

Since  in  this  case  the  pressure  curve  falls  well  within  the  middle  third  of  the  arch  ring,  the 
arch  may  be  considered  satisfactory,  provided  the  safe  crushing  strength  of  the  masonry  is 
not  exceeded. 

The  influence  of  the  last  oblique  thrust,  which  is  the  resultant  thrust  of  the  arch  upon  the 
pier,  or  abutment,  is  explained  in  the  preceding  article  on  the  graphic  solution  of  the  pressure 
curve. 

140.  Arches  of  Reinforced  Concrete. — Ck>ncrete  arches  reinforced  with  steel  are  but  rarely 
used  in  building  construction  so  it  has  been  thought  advisable  to  omit  the  treatment  of  same. 
Arches  of  this  type  are  treated  at  length  in  Concrete  Engineers'  Handbook  by  Hool  and  John- 
on.     Plain  concrete  arches  may  be  designed  as  described  in  this  chapter. 
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PIERS  AND  BUTTKESSBS 

Bt  Frank  C.  TaiKseBN 

141.  Hethoda  of  Failtm. — A  pier  ACDB  upoD  which  a  thrust  P  acta,  as  ahown  in  Pig. 
259,  XDAy  move  from  ita  paeition  by  sliding  on  any  section,  or  by  overturning  when  the  moment 
of  the  thniat  about  a  point  at  the  edge  exceeds  the  moment  of  the  weight  about  the  same  point. 
A  heavy  auperimpoaed  load  en  a  pier,  or  an  inclined  thrust,  as  from  an  arch, 

a  raTter,  or  a  trusa,  may  cause  an  iutenaity  of  stresa  at  a  point  in  the  out- 
side edge  sufficient  to  crush  the  maaonry.  If  the  pier  is  stable  against  slid- 
ing along  any  bed-jomt  and  also  along  ita  foundation,  a  thrust  would  shift 
the  resultant  of  the  vertical  loads,  W,  so  that  the  center  of  preesureon  the 
foundation  would  no  longer  pass  through  the  center  of  gravity  of  the  pier. 
The  pressure  at  one  aide  of  the  base  would  become  greater  than  at  the 
other  side.  If  the  foundation  is  not  firm,  excessive  pressure  may  cause  the  . 
structure  to  overturn  bodily. 

142.  Prindples  of  StahUitj. — Proper  provision  can  be  made  in  the  Fia  2S9 
design  and  construction  of  a  pier  to  saf^uard  against  failure  as  described 

above.     The  underlying  principles  are  quite  simple. 

In  Pig.  260,  let  W  represent  the  weight  acting  through  the  center  of  gravity  of  the  rec- 
tangular pier,  and  let  P  represent  a  force  tending  to  overturn  the  structure.  Drawing  a  parallelo- 
gram of  forces  (see  Sect.  1,  Art.  42a),  the  resultant  is  seen  to  cut  the  base 
AB  at  a  point  Q.  If  the  force  P  is  increased  sufficiently,  the  resultant  will 
pass  through  A  and  the  structure  will  then  be  at  the  point  of  rotating  about 
A.  A  slight  crushing  of  the  mortar  at  the  edge  would  be  sufficient  to  cause 
rotation.  Therefore,  in  order  to  insure  safe  etability  against  overturning 
and  to  secure  a  satisfactory  distribution  of  pressure,  it  is  customary  to 
limit  the  position  within  which  the  resultant  should  cut  the  base.  In 
ordinary  masonry  piers  the  action  line  of  the  resultant  of  all  forces  should 
intersect  the  base  within  the  middle  section,  or  middU'lhird  as  it  is  called, 
assuming  the  baae  to  be  divided  into  three  ^j. 

equal  sectiona. 

If  the  force  P  (Fig.  260)  is  not  acting, 

the  downward  pressure  on  the  foundation  due  only  to  the 

weight  W  is  uniform  and  it«  intensity  is  equal  to  -r-  assuming 

the  pier  to  have  a  length  6  and  a  width  of  unity  in  the  direc- 
tion perpendicular  to  the  plane  of  the  paper.    The  horizontal 

force  P,  acting  as  shown,  tends  to  increase  the  pressure  at  A  and 

decrease  it  at  B.    Conmdering  the  pier  as  a  short  oautilever, 

free  at  the  upper  end,  the  bending  moment  due  to  the  force  P 

will  cause  compression  at  A  and  tension  at  B.     The  maximum 

pressure  at  A  will  be  equal  to  that  due  to  the  weight  of  the  pier 

plus  the   compression  due  to  flexure;  and  the  pressure  at  B 

will  be  the  compression  due  to  the  weight  of  the  pier  minus  the 

tension  due  to  flexure. 

la  nc-  3B1  l*t  AB  rapmeDt  Ui«  bus  at  ■  pier  with  ths  nniHsnt  ol  ill 
fofiiM  IK)  iaIcrMoUiic  Uu  bue  Una  M  Q.  Rwolva  ths  laoliasd  f oree  R  Into 
ita  horiioDtal  and  Tirtica!  oampoaenU.  Ra  uid  Rr  lies  S»t,  1.  Art.  42t). 
The  aftHt  o[  thiM  two  foTDn  will  b*  the  ume  u  tha  liugla  fotM  K,  The 
horiHDtal  oamponBDt.  Ra,  tends  to  sauM  the  pier  to  elida  lUoiif  tha  baae. 
Tb«  Tcrtlaal  aompoBent,  Rr.  Ig  aqulvaleat  In  affect  to  an  equal  Rr  aoUnc 
at  O  and  a  eoupla  whrM  moment  ii  Rvn.  At  any  point  diitant  i  from  O, 
wcociliDi  Co  tha  oommon  flexure  formula  (see  3ec(.  1,  Art,  Sib)  theioteDsity  of  itrese  t< 
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the  plane  of  the  paper  ( To"?  see  Sect.  1,  Art.  61c  J  ,     The  mai4°^uin  values  of  thia  ezpreesion  oocur  when  ^  ^-^ 

QRvxo 
At  the  edges  A  and  B  the  intensity  is  — r, —  •      The  total  intensity  of  pressure  at  A  is 


Pi 


Rv    ,  GRvxo       Rv 


6xe> 


,  onvxo       ar  /,    ,  oxo\ 


This  value  should  not  exceed  the  safe  working  strength  of  the  mortar  or  other  materials  of  whioh  the  structure  is 
built. 

At  the  edge  B 

Rv  f.      6xo\ 

The  diagrams  of  Fig.  261(a),  261(6),  and  261(c)  show,  respectively,  the  uniform  intensity  of  pressure,  the 

intensity  due  to  flexure,  and  the  combination  of  the  two.     From  an  inspection  of  these  diagrams  it  will  be  seen  that 

Rv       6Rvx9  b 

the  intensity  at  the  edge  B  will  become  lero  when  -r-  "  — r^ — '     Solving,  ^  ^  q*  that  is,  the  resiiltant  interseota 

2Rv 
at  one-third  the  distance  AB  from  A.     For  this  condition  the  intensity  of  pressure  at  the  edge  A  will  be  — r~  » or 

D 

double  the  average  intensity.  If  the  resiiltant  falls  outside  the  middle-third  point,  some  tension  might  occur  at  the 
edge  B  but,  as  the  tensile  strength  of  masonry  with  mortar  joints  is  nearly  a  negligible  quantity,  the  tendency  would 
be  to  have  a  greatly  increased  pressure  at  the  edge  A  with  compression  extending  over  only  a  part  of  the  joint. 
When  the  resiiltant  .intersects  within  the  limits  of  the  middle-third,  the  full  width  of  the  joint  acts  in  supporting 
the  structure,  the  entire  joint  being  in  compression. 

In  many  cases  architectural  considerations  may  determine  the  preliminary  proportions. 
With  the  dimensions  given,  the  pier  or  buttress  is  then  tested  for  stability.  If  upon  trial  it 
is  found  that  the  resultant  passes  outside  the  middle-third  section  of  a  joint,  the  general  propor- 
tions of  the  pier,  the  position  of  superimposed  loads  or  both,  should  be  changed  to  bring  the 
resultant  within  the  desirable  limits. 

The  horizontal  components  of  the  forces  acting  tend  to  slide  the  structure  over  a  joint  or 
plane  of  weakness,  and  are  resisted  by  the  friction  of  the  surfaces  in  contact.  For  any  hori? 
zontal  joint,  motion  will  occur  when  H  =  /TT,  where  /  is  the  coefficient  of  friction,  H  the  sum 
of  the  horizontal  components  of  forces  acting  above  the  joint,  and  W  the  weight  of  the  portion 
above  the  joint.  In  the  following  table  are  given  a  number  of  frequently  required  values  of 
the  coefficient  of  friction,  with  the  corresponding  values  of  the  angle  of  inclination  at  which 
motion  occurs: 


/  —  tan  0 


^ 


Masonry  upon  masonry 

EUtrd  limestone  on  hard  limestone. 
C!ommon  brick  on  common  brick. . 
Concrete  blocks  on  concrete  blocks 
Common  brick  on  hard  limestone  . 

Masonry  upon  dry  clay 

Masonry  upon  moist  clay 

Masonry  upon  sand 

Masonry  upon  gravel 


0.65 
0.65 
0.65 
0.65 
0.65 
0.50 
0.33 
0.40 
0.60 


33* 

33* 

33* 

33* 

33* 

26*40 

18*20' 

21'?50' 

31* 


To  make  sure  that  the  structure  is  stable  against  sliding,  a  safety  factor,  commonly  two, 
is  employed.  This  is  equivalent  to  providing  sufficient  resistance  so  that  the  structure  will 
remain  stable  under  the  action  of  at  least  twice  the  sliding  force.  Ordinarily,  with  the  dimen- 
sions given,  the  problem  is  to  determine  the  safety  factor,  testing  the  pier  or  buttress  for  its 
stability  against  sliding  at  the  various  bed-joints  or  planes  of  weakness.  If  the  value  of  the 
safety  factor  is  found  to  be  below  two,  added  resistance  should  be  provided.  Stability  can  be 
secured  by  giving  the  structure  sufficient  weight,  by  increasing  the  frictional  resistance,  by 
bringing  vertical  loads  to  bear  upon  the  upper  portions,  and,  if  necessary,  by  proper  bonding, 
doweling,  or  inclining  the  joints.  In  building  foundations  upon  a  moist  clay  soil,  it  is  not 
uncommon  to  add  a  projection  below  the  base. 
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148.  Designing  for  Stability. — The  stability  of  a  given  pier  or  buttress  is  usually  determined 
graphically,  or  by  means  of  some  algebraic  work  combined  with  a  graphical  analysis.     The  entire 


FiQ.  262. 


Fig.  203. 


FiQ.  204. 


problem  may  also  be  solved  algebraically  but  the  graphical  method  is  rapid  and  gives  sufficient 
accuracy  if  the  scale  is  well  chosen.    In  order  to  illustrate  clearly  the     v 
method  of  procedure,  a  structure  having  the  simple  form  shown  in  Fig.         N. 
262  will  be  tested  for  stability  about  its  base  under  the  action  of  a  thrust  T  ^ 

applied  at  the  upper  comer  and  acting  in  the  direction  shown. 

The  first  step  is  to  determine  the  position  of  the  action  line  of  the  weight  (HO  of  the 
entire  structure  with  respect  to  some  vertioal  line,  such  as  the  face  KB.  Divide  the  pier 
or  buttress  into  triangles  or  quadrilaterals  of  which  the  centers  of  gravity  and  areas  may 
be  readily  determined.  For  a  rectangle,  the  center  of  gravity  is  found  at  the  intersection 
of  the  diagonals.  For  a  trapeioid,  a  simple  method  is  as  follows:  Bisect  JK  and  (7//,  Fig. 
262,  and  draw  the  medial  line  J'O',  On  the  line  KJ  extended,  lay  off  from  J  the  distance 
HO;  from  H  lay  off  to  the  right  along  OH  extended,  the  distance  KJ.  Connect  the  extre- 
mitiee  as  shown.  The  intersection  with  the  medial  line  is  the  center  of  gravity  desired. 
Through  each  center  of  gravity  draw  a  vertical  line  representing  the  action  line  of  the 
weight  of  the  respective  portion.  Starting  (at  the  extreme  right)  at  a  convenient  point  a 
on  the  action  line  of  wi,  lay  off  to  a  convenient  scale  ab  »  ufi,  be  »  im,  ed  «  vs,  and  de  — 
104  reprMenting  the  weights  of  the  various  portions  of  the  structure.  Choose  a  pole  O  and 
draw  the  rasrs  Oa,  Ob,  Oe,  Od,  and  Oe  of  the  force  polygon.  The  action  line  of  the  weight 
(IT)  of  the  entire  structure  is  found  by  the  aid  of  an  equilibrium  polygon  (see  Sect.  1,  Art. 
43a). 

The  distance  of  the  action  line  of  W  from  the  face  KB  (Fig.  262)  may  also  be  obtained 
by  the  method  oi  moments.  If  the  sections  into  which  the  buttress  is  divided  are  simple 
areas,  such  as  triangles  or  rectangles,  the  centers  of  gravity  may  be  readily  found.  Iiet  the 
distances  from  KB  to  the  vertical  lines  through  the  center  of  gravity  of  101,  ir«,  ira,  and  w* 
be  represented  by  xi,  xs,  z>,  and  x*,  respectively.  Then  the  distance  xo  is  found  by  taking 
a  summation  of  moments  about  the  line  KB  and  dividing  by  the  total  weight.  Thus,  for 
the  buttress  of  Fig.  202 

(vi.Zl)    +  (tDt.Xt)    +   (tCj.Xa)    4-   itD*.X4) 


Xo  -i 


U»l   +  U»l  +   tU8   +  W4 


Fia.  205. 


Prolong  the  action  line  of  the  thrust  T  beyond  the  intersection  with  the  action  line  of  W 
(Fig.  203).  As  a  force  may  be  considered  as  applied  at  any  point  along  its  action  line,  lay 
off  to  a  convenient  scale  the  forces  T  and  TF,  using  the  same  scale  for  both.  Complete  the 
parallelogram  of  forces.  In  this  case  the  action  line  of  the  resultant  of  all  forces  is  seen  to 
intersect  the  base  line  within  the  middle-third  section.  If  the  point  of  intersection  had  been  outside  the  middle- 
third  point,  it  would  have  been  necessary  to  have  increased  the  base  or  otherwise  rearranged  the  vertical  loads  to 
bring  the  intersection  within  the  proper  limits. 
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If  the  Btruoture  of  Fig.  202  had  been  oompoeed  of  »  number  of  sepwate  parts  suoh  aa  JKHOt  OBFB,  etc.,  fail- 
ure might  occur  by  eliding,  overturning,  or  oruehing  at  any  joint.  Even  if  no  joints  existed,  the  imaginary  joints 
of  all  points  of  weakness  would  be  subject  to  the  same  principles  and  hence  shoiild  be  investigated  for  stability. 
In  Fig.  264  the  pressure  on  the  joint  OH  is  due  to  the  thrust  T  and  the  weight  of  the  portion  JKHO.  The  point  of 
application  of  the  resultant  of  these  two  forces  on  the  portion  OHFB  is  indicated  by  the  arrowhead.  To  find  the 
point  of  application  df  the  pressure  on  EF  this  resultant  is  combined  with  the  weight  of  the  portion  OHFB,  The 
points  of  application  for  the  other  joints  are  found  in  a  similar  manner.  The  dotted  line  connecting  the  points 
of  intersection  of  the  various  joints  is  called  the  line  of  preature,  the  line  of  reaiatancB,  or  the  renatanee-4ine.  If 
the  structure  is  properly  designed  the  resistance  line  will  lie  inside  the  middle-third  section  of  the  strueture. 

In  church  structures  it  is  common  to  find  parallel  walls  with  vaulted  roofs,  hammer-beam 
trusses,  or  other  types  having  no  tie  rod  or  bottom  tension  member  to  take  the  full  thrust  of 
the  curved  or  inclined  roof.  In  such  cases,  the  outer  walls  must  be  increased  in  thickness 
or  supplied  with  buttresses  to  resist  the  outward  thrust.  Ordinarily  a  trial  buttress,  satisf3ring 
the  architectural  requirements,  is  first  sketched  and  tested  for  stability  by  drawing  a  pressure 
line  and  determining  the  factor  of  safety  against  sliding  at  the  weakest  joint.  Fig.  265  shows 
the  construction  of  a  pressure  line  for  such  a  buttress.  It  will  be  noted  that  the  structure  is 
divided  into  a  number  of  sections  and  that  one  of  the  lines  previously  drawn  serves  for  the 
load  line  of  the  force  polygon.  The  construction  is  similar  to  that  required  for  the  buttress 
of  Fig.  262. 

TIMBER  DETAILmO 
Bt  Hbnrt  D.  Dewell 

Timber  dietailing  differs  from  steel  detailing  in  that  there  are  no  generally  accepted  stand- 
ards of  connections  for  timber  structures,  as  in  the  case  of  steel  framed  buildings.  In  making 
this  statement,' the  writer  is  not  forgetting  certain  trade  or  stock  joist  hangers,  post  caps, 
etc.,  the  specifications  of  building  ordinances,  and  the  generally  accepted  types  of  details 
of  mill  construction.  In  recent  years,  the  lumber  manufacturers,  notably  the  Southern  Pine 
Association  and  the  West  Coast  Lumbermen's  Association,  are  doing  much  toward  securing  a 
better  class  of  construction  in  timber.  ''The  Southern  Pine  Manual"  of  the  Southern  Pine 
Association  and  the  ''Structural  Timber  Handbook  of  Pacific  Coast  Woods''  of  the  West 
Coast  Lumbermen's  Association  are  excellent  aids  in  design,  and  should  be  in  the  hands  of  all 
those  designing  and  constructing  in  timber. 

144.  Information  to  be  Given  by  a  Set  of  Plans. — Every  set  of  plans  of  a  timber  framed 
structure  should  fulfill  the  following  conditions:  (1)  It  should  give  such  information  that  the 
cost  of  the  work  may  be  accurately  computed ;  (2)  it  should  be  in  sufficient  detail  that  every 
stick  of  timber,  every  rod,  bolt,  or  other  piece  of  iron  or  steel  may  be  listed  and  ordered;  and 
(3)  every  important  detail  should  be  shown  so  that  the  carpenter  may  have  no  excuse  for  framing 
it  incorrectly.  The  lack  of  proper  details  on  a  plan  or  in  a  set  of  plans  is  many  times  due  to 
the  ignorance  of  the  designer  with  regard  to  timber  joints,  and  a  consequent  effort  to  shift  the 
responsibility  to  the  carpenter. 

In  a  steel  framed  building  an  engineer  usually  prepares  the  plans  and  specifications  of 
the  structural  features  of  the  building;  and,  in  most  cases,  the  engineer's  work  is  confined  to 
the  steel  frame  and  foundations.  The  structural  plans  thus  prepared  are  known  as  "contract 
plans  "  in  distinction  to  detail  plans  or  shop  drawings.  Floor  framing  plans,  sections  and  eleva- 
tions of  wall  framing  may  be  shown  with  details  of  important  connections  given.  But  ordinary 
connections,  as  of  I-beams  framing  into  I-beams,  are  not  shown,  as  these  connections  are 
standardized  by  the  steel  companies.  In  total,  in  the  case  of  a  steel  framed  building,  a  set 
of  contract  plans  may  be  but  little  else  than  diagrammatic  sketches  with  sizes  of  members  and 
stresses  shown  in  other  members,  leaving  the  details  to  be  worked  out  in  the  shop  of  the  con- 
tractor securing  the  job,  subject  to  the  engineer's  or  architect's  approval. 

Turning  to  the  timber  framed  building,  one  sometimes  sees  plans  where  the  same  procedure 
has  been  attempted.  Such  a  method  cannot  be  satisfactory,  is  a  certain  source  of  trouble, 
and  may  be  disastrous.  Such  a  thing  as  shop  or  detail  plans  in  timber  framed  buildings  is 
practically  unknown.     Consequently,  the  contract  plans  in  this  case  should  be  complete 


Sec  2-145]  STRUCTURAL  MEMBERS  AND  CONNECTIONS  309 

in  every  detail.  The  one  possible  exception  to  this  general  statement  is  in  the  case  of  the  iron 
and  steel  work.  If  the  designer  shows  the  sizes  of  rods,  bolts,  etc.,  with  typical  details*of  other 
steel  members,  as  bases,  castings,  etc.,  and  calls  for  detail  drawings  in  accordance  with  his 
plans  and  specifications  to  be  approved  by  him,  the  result  may  be  satisfactory.  Even  in  this 
case,  however,  the  chances  for  trouble  are  many.  The  iron  work  is  of  such  small  amoimt  that 
a  small  steel  shop  with  no  drafting  force  will  probably  furnish  the  material,  and  the  details  are 
likely  to  be  disappointing. 

7?he  writer  believes  that  time  and  money  .are  eventually  saved,  and  annoyance  prevented, 
if  the  contract  plans  show  all  details  carefully  worked  out.  It  may  be  stated  that  no  important 
detail  be  left  to  the  discretion  of  the  carpenter.  With  all  due  respect  for  his  experience  and  care, 
he  seldom  understands  the  requirements  of  any  detail  but  the  simplest,  and  many  times  in  his 
endeavor  to  improve  on  a  detail  but  hazily  indicated  actually  weakens  the  structure. 

Por  the  proper  presentation  of  the  work,  there  should  be  given  a  general  plan,  framing 
plans  of  roof  and  all  floors,  wall  elevations,  cross  sections  and  longitudinal  sections,  elevations  and 
sections  of  any  special  features,  and  details  of  all  connections  except  the  very  simplest.  These 
latter  may  be  covered  in  the  specifications.  It  is  obvious  that  the  exact  number  of  drawings 
must  depend  wholly  on  the  particular  building. 

146.  Scales. — Ordinarily,  the  general  plan  and  framing  plans  should  be  to  the  scale  of  }i 
or  yi  in.  to  the  foot.  In  many  cases,  the  larger  scale  will  be  necessary  in  order  to  bring  out  the 
different  parts  clearly.  Often,  too,  plans  of  special  features  may  well  be  made  to  an  even 
larger  scale,  say  H  ^'i  ^  addition  to  the  general  plans  which  may  include  such  special  features. 
However,  the  general  plan  to  a  small  scale  should  always  be  made,  as  this  may  be  the  one 
place  where  all  parts  are  assembled  as  a  whole,  and  where  the  entire  structure  may  be  seen  at  a 
glance.    Elevations  and  sections  may  be  shown  to  a  3^  or  K-u^*  scale. 

146.  Plans  Required. — Assume  the  case  of  a  timber  framed  building  of  the  mill  building 
type,  100  ft.  long  and  40  ft.  wide,  roof  trusses  spanning  from  wall  to  wall  supported  on  posts; 
corrugated  iron  walls  and  roof,  and  floor  of  timber  construction  3  or  4  ft.  above  the  ground, 
supported  by  posts  resting  on  concrete  footings.  The  following  plans,  if  properly  drawn,  will, 
with  specifications,  show  the  work  completely* 

1.  Grading  jdan  to  Ke-in.  scale. 

2.  Foundation  plan  to  H~in.  scale,  showing  sise  and  location  of  all  piers  and  wall  footings,  with  details  of  the 
individual  footings  and  piers  to  H  or  H-in.  scale.  On  this  sheet  any  sewers,  water  or  other  pipes  may  be  shown, 
provided  that  such  pipes  and  connections  are  so  numerous  as  to  merit  a  special  plan. 

3.  Elevations  ol  four  walls,  drawn  to  H-in.  scale,  showing  all  window  and  door  openings,  the  doors  and  windows 
being  lettered  or  numbered  to  correspond  with  details  of  same.  On  these  elevations  can  also  be  shown  any  other 
openings,  gutters,  downspouts,  any  ornamental  features,  etc. 

4.  Floor  framing  plan,  to  M-in*  eoale,  showing  sixes  of  Joists,  girders,  and  posts,  with  all  dimensions  and 
spacing  of  same. 

5.  Roof  framing  plan,  to  H-^  scale,  showing  main  tniases,  bracing  trusses,  with  their  proper  letters  or  numbers, 
roof  jdsts,  bracing  and  bridging. 

6.  General  roof  plan,  to  M-in<  scale,  showing  roof  oovering,  downspouts,  parapet  walls,  monitors,  roof  slopes, 
etc. 

7.  Wall  elevations,  to  H^in*  scale,  showing  framing  ui  wall,  posts,  girts,  studding  and  bracing. 

8.  Cross  section  of  building,  to  H'U^*  scale,  completely  detailed  as  to  roof  joists,  trusses,  columns,  and  floor 
construction.   . 

0.  Miscellaneous  details  to  H-in*  scale. 

10.  Details  of  all  steel  to  1-in.  scale. 

To  the  above,  if  completely  detailed  plans  are  to  be  made,  should  be  added: 

11.  Wall  elevations  to  H~in-  scale,  showing  number  and  sise  of  corrugated  steel. 

12.  Material  listo. 

If  the  material  lists  are  made,  the  designer  may  feel  sure  that  his  plans  have  had  a  thorough 
checking.  There  is  no  better  check  on  the  accuracy  and  completeness  of  one's  work  than  a 
detailed  bill  of  materials;  conversely,  one  can  never  feel  certain  that  all  parts  are  clearly  shown 
until  a  complete  biU  of  materials  has  been  taken  off. 

Drawings  should  never  leave  the  office  if  badly  out  of  scale.  This  is  a  general  statement 
applicable  to  all  construction;  it  holds  particularly  in  timber  construction,  as  the  carpenter 
is  almost  certain  to  scale  some  lengths  of  timbers. 
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A  general  and  comprehensive  note  should  be  placed  on  all  stractural  drawings,  even  re- 
peating certain  important  clauses  in  the  specifications.  On  the  job  the  specifications  may  be 
lost;  the  plans  are  never  lost.  One  note  on  the  drawings  is  worth  two  clauses  in  the 
specifications. 

STRUCTURAL  STEEL  DETAILING 
Bt  Chas.  D.  Conklin,  Jr. 

The  material  in  this  chapter  will  deal  exclusively  with  the  work  of  that  part  of  the  drafting 
room  of  a  structural  steel  fabricating  concern  wherein  shop  detail  drawings  are  prepared.  The 
work  of  the  designing  and  estimating  departments  of  necessity  precedes  the  work  described  and 
illustrated  in  this  chapter.  Designing  methods  for  structural  steel  members  have  been  ade- 
quately covered,  both  from  theoretical  and  practical  points  of  view,  in  previous  chapters  and 
for  such,  the  reader  is  referred  thereto.  It  is  generally  understood  among  structural  engineers 
that  structural  steel  detailing  knowledge  can  best  be  acquired  by  actual  experience  in  the 
dr&fting  room  where  details  are  made.  In  fact,  among  our  best  detailers  may  be  classed  many 
of  those  who  have  entered  the  drawing  room  as  apprentices,  and  with  little  or  no  theoretical 
training,  have  acquired  their  ability  by  practice,  observation,  and  contact  with  experienced 
draftsmen,  templet  makers  and  shopmen.  The  following  description  and  illustrations  are 
given  with  the  thought  of  presenting  to  the  less  experienced  draftsmen,  some  practical  sugges- 
tions and  methods  that  may  be  of  value  to  them.  It  is  further  hoped  that  the  more  experienced 
may  find  herein  some  valuable  data.' 

147.  Drafting  Room  Organization  and  Procedure. — Shop  detail  drawings  are  the  working 
drawings  by  means  of  which  structural  steel  is  fabricated  in  the  shop.  They  form  the  medium 
by  which  the  architect's  or  engineer's  sketches  or  general  drawings  are  interpreted  to  the  fab- 
ricating shop,  in  order  that  the  latter  may  intelligently  and  quickly  manufacture  the  required 
product.  Structural  steel,  unlike  many  other  materials,  is  not  readily  worked  in  the  field  or  on 
the  job.  Hence  accurate  drawings,  showing  the  sizes  and  lengths  of  all  materials,  size  and  loca- 
tion of  all  holes  and  rivets,  all  cuts,  coping,  and  in  fact  every  detail  of  a  structure,  must  be  made 
from  which  the  shop  can  accurately  work.  A  complete  structure  must  be  divided  into  sections 
of  such  dimensions  that  they  can  be  readily  handled,  shipped,  and  erected  and  these  sections 
must  be  marked  with  identifying  marks,  called  erection  or  shipping  marks,  which  are  shown 
on  a  sketch  of  the  completed  structure  for  use  of  the  erector.  All  this  drafting  work  is  done 
under  the  direction  of  the  chief  draftsman,  who  has  entire  charge  of  the  drafting  room  and  should 
be  a  man  of  unquestioned  and  practical  ability.  The  draftsmen  under  the  chief  are  usually 
divided  into  squads  of  from  six  to  eight  men,  who  are  under  the  direction  of  a  squad  chief. 
Those  under  the  squad  chief  may  be  divided  into  checkers,  draftsmen  and  tracers,  although 
sometimes  checkers  work  independent  of  squad  chiefs.  After  the  drawings  are  made  and 
checked,  final  bills  of  material  are  made  therefrom  for  purposes  of  determining  accurate  weights 
for  payment,  shipping,  etc.  Shop  lists  and  shipping  lists  are  also  made.  These  bills  are  pre- 
pared in  a  separate  department,  called  the  billing  department,  under  the  direction  of  a  chief 
bill  clerk. 

The  procedure  of  the  drafting  room  is  somewhat  as  follows:  Information,  including  sketches, 
design  sheets,  general  drawings,  surveys,  copy  of  estimate  and  other  miscellaneous  data  which 
have  been  worked  up  in  the  designing  and  estimating  department  is  handed  to  the  chief 
draftsman,  who  examines  same,  assigns  a  contract  number  to  the  job,  prepares  his  files  for  cor- 
respondence, etc.  and  assigns  work  to  squad  best  able  to  get  out  the  details.  The  squad  chief 
studies  the  work  thoroughly  and  in  detail,  so  that  he  has  in  mind  every  point  that  may  arise  in 
the  preparation  of  the  shop  detail  drawings.  He  usually  makes  a  preliminary  bill  of  material 
required  for  the  job,  so  that  the  material  can  be  ordered  from  the  mill  or  reserved  from  stock. 
In  preparing  this  preliminary  bill,  it  may  be  necessary  for  the  squad  chief  or  an  assistant  to 

*  For  more  elaborate  treatment  of  this  Bubjeot.  the  reader  is  referred  to  *'  Stractural  Steel  Drafting  and  Ele- 
mentary Design"  by  Chas.  D.  Conklin,  Jr.,  published  by  John  Wiley  &  Sons. 
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accurately  lay  out  to  large  scale  (say  3  in.  to  1  ft.)  any  details  which  cannot  be  determined  by 
inspection.  The  preliminary  bill  is  passed  on  to  the  stock  clerk,  who  reserves  from  stock  any 
desired  material  and  hands  a  list  of  the  balance  to  the  purchasing  agent  to  be  purchased  from  mill. 
This  is  in  the  form  of  a  requisition,  copies  of  which  together  with  copies  of  the  material  reserved 
from  stock,  are  handed  to  the  chief  draftsman  and  squad  chief.  The  squad  chief  then  appor- 
tions the  work  among  his  men,  according  to  their  ability  to  handle  it.  After  drawings  are  pre- 
pared, they  are  handed  to  the  checker,  who  goes  over  them  in  detail,  noting  any  corrections 
or  desired  changes.  Drawings  are  then  returned  to  draftsmen,  who  back  check  corrections 
or  changes,  make  them,  and  return  drawings  to  checker  for  approval.  Drawings  are  then 
sent  to  billing  department  for  billing,  and  are  then  blue  printed  for  the  shop. 

A  list  of  all  drawings  and  blue  prints  made  should  be  kept,  usually  on  printed  forms,  by  the 
squad  chief.  Extremely  complicated  drawings  may  be  made  in  pencil  on  detail  paper  and 
traced  in  ink  by  a  less  experienced  man.  The  more  usual  and  simpler  method,  however,  con- 
sists of  making  a  pencil  drawing  directly  on  the  dull  side  of  tracing  cloth  and  inking  it  in,  all 
work  being  done  by  the  same  draftsman.  It  is  very  common  now  to  have  drawings  made  on 
either  tracing  paper  or  a  specially  prepared  cloth,  in  pencil  only,  using  a  medium  pencil  and 
making  lines  very  heavy.  These  drawings  make  very  good  blue  prints,  and  effect  a  large  saving 
of  time.  Some  drafting  rooms  require  their  draftsmen  to  make  a  complete  bill  of  material  of 
the  work  detailed  on  a  sheet,  on  the  extreme  right  hand  side  of  the  same  sheet.  This  greatly 
simplifies  the  work  of  the  billing  department. 

148.  Ordering  Material. — In  the  preparation  of  the  preliminary  order  of  material  from 
which  structural  shapes  and  plates  may  be  ordered  from  the  rolling  mill  or  reserved  from  stock, 
the  following  rules  may  be  used  as  they  represent  average  practice : 

1.  Order  main  material  first. 

2.  Beama  and  channels  should  be  so  ordered  that  a  variation  of  H  in<  in  length  either  way  will  not  affect  the 
detail.     If  an  exact  length  is  desired,  so  state  in  order  and  an  extra  charge  may  be  made. 

3.  Beama  and  Channels. 

For  wall  bearing  beams,  and  foundation  beams,  order  neat  length. 

For  beams  framing  into  other  beams,  order  IH  ii'*  less  (to  the  nearest  H  >&•)  than  the  center  to  center 

distance. 
For  beams  framing  into  oolumns,  order  1  in.  less  (to  the  nearest  H  i°*)  than  the  metal  to  metal  distance. 
For  beams  framing  into  riveted  members,  order  1  in.  less  than  the  metal  to  metal  distance. 
Crane  runway  beams,  order  1  in.  less  than  the  distance  center  to  center  of  oolumns. 
Purlins,  order  1  in.  short  (to  nearest  ^i  in.)  of  dbtance  center  to  center  of  trusses. 
If  the  end  connections  on  beama  are  milled  after  riveting,  increase  thickness  of  connecting  angles  to  allow 

for  this. 

4.  Columns. 

Order  column  material  milled  one  end  H  >d-  longer  than  figured  length. 

Order  column  material  milled  two  ends,  ^i  to'H  in-  longer  than  figured  length. 

Order  column  details  in  30-ft.  lengths  (base  angles,  cap  angles,  shelf  angles,  etc.). 

Order  lattice  bars  in  20-ft.  lengths. 
6.  Root  Trusses. 

Order  chord  angles  ^  in.  long. 

For  web  angles,  lay  out  to  scale,  scale  the  length,  add  about  IH  in.  and  multiple  to  30-ft. 

For  gusset  plates,  order  in  multiple  lengths  of  about  20  ft.,  arranging  for  as  little  waste  as  possible  if  corners 
are  sheared. 
6.  Plate  Girders. 

Use  an  even  inch  depth  of  web  plate  and  make  distance  back  to  back  of  angles  M  in.  greater. 

Order  web  plate  of  girder  not  milled  on  the  ends,  H  in.  shorter  than  overall  length.      If  milled  on  the  ends, 
order  H  in.  longer  than  overall  length  for  one  milled  end,  and  ^  in.  for  two  milled  ends. 

Order  flange  angles  ^  in.  longer  than  t>verall  length. 

Order  full  length  cover  plates  ^  in.  longer  than  overall  length 

For  cover  plates  less  than  full  length,  order  the  neat  length. 

Mark  cover  plate  U.M.  (universal  mill  or  rolled  edges). 

Order  stiffener  angles  with  fillers  K  in.  longer  than  neat  distance  between  outstanding  legs  of  flange  angles. 

For  crimped  stiffener  angles,  order  length  equal  to  distance  back  to  back  ef  flange  angles  plus  1  in. 

For  heavy  fitted  stiffeners,  allow  H  in.  for  one  fitted  end  and  ^  in.  for  two  fitted  ends. 

Order  fillers  under  stiffeners  yi  in.  clear  of  flange  angles. 

For  diagonal  bracing  angles,  scale  length  and  add  IM  in. 
Miscellaneous. 

Plates  planed  top  or  bottom  should  be  ordered  He  in.  thicker  than  finished  thickness,  for  each  planing. 
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FUtM  hftying  diaconal  evte  may  be  ordered  to  eketeh  iriien  over  36  in.  wide  and  say  ^  in.  thiol. 

dependinc  wMnewliAt  on  the  eqniimient  of  the  shop  for  iriiieh  meteriel  is  ordered. 
Channeb,  I-beams,  and  Z-bars  are  seldom  ordered  in  multiple  lenctiis. 
In  arran^nc  multiple  lengths  make  lengths  about  30  ft.  and  not  over  32  ft.     Allow  about  1  in.  marc 

tlian  product  of  length  times  number  required.     Make  all  multiples  end  with  the  nearest  >^  in. 
Order  plates  to  the  nearest  whole  inch  in  width.     Use  stock  siaes  when  possible. 

149.  Layouts — RiveUd  Connections. — When  the  preUmimuy  bill  of  material  (for  ordering 
purposes)  has  been  completed,  the  next  logical  step  in  the  preparation  of  shop  details  consisti 
of  designing  the  riveted  connections  and  making  layouts  of  difficult  points,  if  such  have  not 
already  been  made  for  ordering  purposes.  The  methods  of  designing  riveted  connections  have 
been  described  in  a  previous  chapter.  All  connections  should  be  carefully  investigated  so  that 
there  may  be  no  weak  links  in  an  otherwise  strong  structure.  Difficult  connections  should  be 
drawn  out  in  pencil  to  a  laige  scale,  say  3  in.  to  1  ft.,  in  order  to  determine  clearances,  end  dis- 
tances, and  other  necessary  data  for  detailing.  These  layouts  are  sometimes  made  and  riveted 
connections  designed  by  squad  chiefs  although  often  such  are  left  to  the  detailer.  Layouts 
consume  much  time  and  should  not  be  made  unless  absolutely  necessary.  The  usual  scale  to 
which  shop  detail  drawings  are  made  is  ^  in.  to  1  ft. ;  sometimes  1  in.  to  1  ft.  is  used.  In  such 
cases,  it  is  unnecessary  to  make  layouts  of  simple  truss  connections  or  other  diagonal  connec- 
tions of  similar  nature.  A  careful  draftsman  can  readily  determine  all  necessary  data  from  the 
shop  detail  drawing,  which  for  trusses  and  similar  woric  should  be  made  accurately  to  scale. 
All  shop  details  should  be  drawn  to  scale  in  so  far  as  possible,  the  only  exception  to  this  being 
the  length  of  beam  sketches  which  may  be  distorted  to  save  space  and  time. 

Theoretically,  the  working  lines  or  skeleton  upon  which  a  truss  or  similar  structure  is  laid 
out,  should  be  the  gravity  lines  of  the  members  composing  the  truss.  Practically,  however, 
for  light  roof  trusses,  the  rivet  lines  are  used,  thus  much  simplifying  the  work  for  draftsman  and 
shop.  The  skeleton  diagram  for  the  truss  is  laid  out  first  to  scale  and  the  angles  or  other  tniSB 
members  are  drawn  around  the  skeleton  using  the  latter  as  the  rivet  lines  of  the  angles,  the 
proper  gages  (as  found  in  the  steel  handbook)  being  used.  For  heavy  trusses,  or  similar  struc- 
tures, in  order  to  avoid  excessive  moments  at  the  connections,  the  gravity  lines  should  be  used 
as  working  lines. 

160.  Shop  Detail  Drawings. — ^After  all  layouts  have  been  made  and  connections  designed, 
the  draftsman  proceeds  to  make  the  shop  detail  drawing  to  scales  as  indicated  below.  In  pre- 
paring shop  detail  drawings,  the  draftsman  might  well  keep  in  mind  the  following  rules,  which 
are  typical  of  modem  practice: 

Make  shop  details  to  scale  of  f^  in.  to  1  ft.  or  1  in.  to  1  ft.     In  exceptional  cases,  yi  or  IH  in*  to  1  ft.  may  be 


Use  care  in  piaeins  drawing  on  sheet  to  avoid  unnecessary  crowding  of  sketches  or  dimensions. 

8ise  of  sheet  for  large  drawinss  is  usually  34  X  36  in.  Small  sheets  may  be  used  for  detaifing  beams,  channeh, 
piiM,  etc  Printed  beam  and  channel  sheets,  with  outline  of  beams  and  ehanneb  and  dimension  lines  printed  in 
black  ink,  save  considerable  time  in  this  tjrpe  of  detailing. 

Title  of  sheet  should  be  placed  in  lower  right-hand  comer. 

Detail  members  as  nearly  as  practicable  in  the  position  which  they  occupy  in  the  finished  structure.  Hori- 
■otttal  members  should  be  detailed  lengthwise  and  vertical  members,  crosswise  on  the  sheet.  Inclined  members 
and  vertical  members,  each  as  oolnmns.  may  be  detailed  lengthwise  on  the  sheet  in  which  case  the  lower  end  should 
be  i^bced  to  the  left 

Show  elevations,  sections,  and  other  views  in  their  proper  positions.  Place  top  view  directly  above  and  bottom 
view  below  the  elevation.     The  bottom  view  is  always  drawn  as  a  horiaontal  section  as  seen  from  above. 

For  member  aymmetrioal  about  a  center  line,  draw  only  the  lef t^-hand  half  and  note  that  it  is  symmetrical  about 
the  center  line. 

Several  members,  when  similar,  but  slightly  different,  may  be  detailed  on  one  sketch,  the  difference  being  shown 
by  notes.  Make  such  notes  positive.  Do  not  use  the  word  "omit."  If  such  notes  become  cumbersome  and  lead 
to  ambiguity,  avoid  them  and  make  another  sketch. 

Eliminate  all  unnecessary  views  and  lines.  Show  just  enough  to  express  to  shop  what  is  intended.  A  shop 
detail  is  just  a  working  drawing  and  not  a  nuMterpieoe  of  art.  Do  not  cross  hatch,  blacken  or  otherwise  elabor^ 
ate  a  shop  detsil  unless  it  is  absolutely  necessary  to  make  the  drawing  clearly  understood. 

On  the  other  hand,  make  all  work  shown  clear  and  distinct  and  all  dimensions  in  large  figures  so  that  all  can  b« 
easily  followed.  If  a  detail  is  worth  making,  it  is  worth  making  right  and  in  such  manner  that  shop  will  have  no 
difficulty  in  interpreting  it. 
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Make  the  part  repreeenting  the  steel  work  detailed  of  heavy  black  lines.  Do  not  show  hidden  parts  unless 
necessary  for  clearness  and  then  show  these  parts  by  heavy  dotted  lines. 

In  detailing  members  which  connect  to  others,  the  latter  may  be  shown  in  red  lines,  in  order  to  illustrate  their 
relative  position.     Avoid  the  use  of  colored  inks  on  shop  drawings  except  in  this  case. 

Dimension  lines  and  rivet  lines  should  be  made  of  fine  black  lines,  full  and  not  dotted.  Dimensions  should  be 
placed  above  dimension  lines,  and  not  in  or  on  them.     Make  fractions  with  horisontal  dividing  lines. 

Holes  for  field  connections  should  be  blackened.  All  holes  in  a  group  should  be  shqwn,  as  a  rule.  Rivet  heads 
of  shop  driven  rivets  shall  be  shown  only  when  necessary,  as  at  the  ends  of  members,  when  countersunk,  flattened, 
or  adjacent  to  field  connections.  Make  open  holes  smaller  in  diameter  (on  the  drawing)  than  the  circles  represent- 
ing shop  driven  rivets. 

When  part  of  one  member  to  be  detailed  is  the  same  as  another  already  detailed,  it  is  unnecessary  to  repeat 
dimensions,  etc.     It  is  only  necessary  to  refer  to  the  previous  sketch,  describing  the  parts  that  are  the  same. 

Main  dimensions,  such  as  story  heights,  center  to  center  distances,  etc.,  when  given  on  a  detailed  drawing,  are 
very  helpful  to  a  checker. 

The  sise  and  length  of  material  should  be  given  dose  to  the  part  which  it  represents,  in  clear,  neat  figures.  If 
placed  to  one  side,  an  arrowhead  should  indicate  material  referred  ta 

If  a  series  of  dimension  lines  are  given  adjacent  to  a  sketch,  largest  dimensions  should  be  given  farthest  from 
sketch,  and  small  dimensions  next  to  the  sketch.     Dimension  lines  should  be  drawn  from  H  to  ^  in.  apart. 

Refer  to  steel  handbook  or  Art.  121a  for  conventional  signs  for  rivets;  that  is,  for  method  of  representing,  on 
detail  drawings,  the  various  kinds  of  rivet  heads,  such  as  button  head,  countersunk  one  or  both  sides,  etc. 

The  usual  maximum  sixes  for  shipping  by  railway  in  one  freight  car  are  8  ft.  for  width,  10  ft.  for  height,  and 
30  to  40  ft.  for  length.  In  detailing  structures,  field  connections  should  be  placed  such  as  to  keep  the  member  shop 
rivets  within  the  above  sises.  In  exceptional  cases,  members  may  be  made  longer  than  the  above  and  shipped  on 
two  or  more  cars.  In  export  work,  structures  are  usually  shipped  knocked  down  (in  small  pieces)  to  facilitate 
shipping  by  boat. 

Each  piece  that  is  shipped  separately  should  have  an  erection  or  shipping  mark  which  shall  consbt  of  capital 
letters  and  numerals  or  numerals  only.  Do  not  use  small  letters  for  erection  marks.  Pieces  which  are  absolutely 
alike  may  have  the  same  erection  mark.     Trusses  are  usually  marked  7*1-7*2,  etc. ;  columns  C1-C2,  etc. 

For  purposes  of  assembling  the  various  parts  of  one  member  in  the  shop,  assembUng  marks  should  be  used  for 
each  plate  or  shape.  These  shall  consist  of  small  letters  and  numerals.  No  capital  letters  should  be  used.  One 
system  of  assembling  marks  in  common  use  is  given  below. 

Members  which  are  absolutely  similar  but  opposites  are  called  rights  and  lefts.  The  member  detailed  in  such 
cases  is  called  the  right-hand  piece  and  the  opposite  one,  the  left-hand  piece.  The  erection  mark  of  the  former 
is  followed  by  a  large  R  and  the  erection  mark  of  the  latter  by  a  large  L. 

The  number  of  members  required  should  be  distinctly  stated  on  a  drawing.  In  a  list  giving  the  required  num- 
ber of  members,  write  the  word  "one"  out. 

Parts  of  members  which  must  be  shipi)ed  bolted  so  that  they  can  be  taken  off  during  the  erection  should  be 
marked  "Bolt  for  shipment." 

The  siae  of  rivets,  open  holes,  nature  of  shop  paint,  and  other  notes  should  be  specified  near  the  lower  right- 
hand  corner  of  each  sheet. 

For  title,  main  dimensions,  and  shipping  or  erection  marks,  letter  in  heavy  type.  Use  plain  lettering,  medium 
tsrpe,  for  other  data. 

Usual  sise  of  rivets  for  building  work  is  ^  in.  in  diameter.  Other  siies  may  be  used  in  exceptional  cases. 
In  writing  shop  bills,  main  material  should  be  billed  first,  followed  by  smaller  pieces.  Begin  at  the.  left  end  of 
a  girder  or  truss  and  at  the  bottom  of  a  column.  Do  not  bill  all  angles  and  then  all  plates;  group  the  material  to- 
gether that  is  assembled  together.  In  case  of  a  column  containing  brackets,  bill  each  different  bracket  complete 
by  itself.  The  shop  bill  is  used  as  a  guide  in  laying  out  and  assembling  the  member  in  the  shop  as  well  as  list  of 
material  required,  and  should  be  made  accordingly.  Members  radically  different  should  be  billed  separately  an  d 
not  bunched  together. 

Use  standard  beam  connections  for  connecting  beams  to  beams,  as  indicated  in  steel  handbook  or  Art.  129a 
except  in  special  eases.     Watch  the  limiting  values  of  such  connections  to  see  that  they  are  not  exceeded. 

In  beam  details,  it  is  usual  to  make  the  distance  oenter  to  center  of  end  connection  holes  5H  iii*  1°  ft  beam* 
detail  showing  the  elevation  of  the  web  of  a  beam,  it  is  usually  understood  that  the  horisontal  distance  oenter  to 
oenter  of  lines  of  holes,  when  this  distance  is  not  given  on  drawing,  is  5H  in>  and  the  vertical  distance  between  holes, 
when  not  given,  is  2H  in* 

Most  structural  steel  shops  have  numerous  standard  details  which  should  be  followed  when  possible. 
Avoid  unnecessary  countersunk  rivets,  as  they  are  very  costly.     Use  the  least  possible  number  of  such  in  the 
bases  of  columns. 

Steel  handbooks  give  standard  gages  (distances  center  to  center  of  lines  of  holes  for  flanges  of  beams  and 
columns  or  distances  from  back  of  angle  to  lines  of  holes  for  angles)  for  beams,  columns,  and  angles  and  these  gages 
should  be  used  when  possible. 

Rivets  should  be  so  spaced  that  they  can  be  readily  driven  in  a  shop  or  field  as  may  be  necessary.  Proper 
clearances  and  spacing  can  be  obtained  from  the  steel  handbook. 

Holes  for  anchor  bolts  are  usually  >4  to  Ms  in-  larger  than  the  sise  of  the  bolts,  to  allow  for  discrepancies  in 
setting  bolt. 

The  usu'd  minimum  shop  clearance  between  diagonal  steel  members  and  chords,  as  in  truss  work,  is  }^  in. 
Filled  clearance,  minimum,  in  such  cases,  should  be  >^  in.     A  beam  framing  to  other  steel  members  by  means  of 
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connection  angles  should  have  an  overall  length  H  !&•  less  than  the  figured  distance  between  surfaces  against  which 
beam  frames. 

When  one  beam  frames  into  another  with  flanges  at  the  same  elevation,  the  flange  of  the  former  must  be  cat 
out  or  "  coped  "  to  fit  against  the  flange  of  the  latter.  It  is  not  customary  to  dimension  a  cope  on  a  detailed  draw- 
ing, but  merely  to  call  for  the  sise  of  beam  to  which  one  detailed  must  be  coped  (see  typical  beam  details).  The  shop 
does  the  rest  in  such  cases. 

An  erection  diagram,  usually  a  line  diagram  of  the  completed  structure,  should  be  made  with  the  erection  or 
shipping  marks  thereon,  to  enable  the  erector  to  easily  assemble  the  work  in  the  field. 

Lettering  should  be  simple,  straight  line  Gothic  style,  preferably  inclined  although  vertical  lettering  is  fre- 
quently used.     Drawings  should  be  neat  and  dear  so  as  to  inspire  confidence  in  their  accuracy. 

Dimensions  given  on  a  o<Jumn,  when  not  otherwise  shown,  are  measured  from  the  top  of  the  base  plate  to  the 
point  indicated. 

Wherever  a  note  on  a  drawing  will  help  the  erector,  by  all  means  use  it.  It  is  quite  common  to  place  a  mark 
on  a  member  showing  the  position  of  one  end  of  the  member  in  the  finished  structure  so  that  the  erector  will  erect 
the  member  as  intended. 

151.  Assembling  Marks. — The  system  of  assembling  marks  which  follows  is  in  very  com- 
mon use.     It  has  been  used  in  the  typical  details  at  the  end  of  the  chapter. 

Shop  Assembling  Marks 

Typical  letter  Where  used 

a For  base  and  cap  angles  on  columns. 

6 For  bottom  seat  angles  supporting  beams  and  girders,  connecting  to  columns  or  girders. 

e For  base  plates,  cap  plates,  and  splice  plates. 

d For  fillers  with  two  or  more  lines  of  holes. 

/ For  fillers  with  single  line  of  holes. 

0 For  gusset  plates  on  columns  or  trusses. 

A For  all  bent  angles  and  plates. 

k For  stiff enor  angles  fitted  at  one  end  only,  such  as  angles  under  beam  seata  or  at  column  bases. 

m For  miscellaneous  angles  and  shapes  not  covered  by  the  above. 

n For  miscellaneous  plates  not  covered  by  the  above;  also  tie  plates. 

p For  pin  plates. 

• For  stiffener  an^es  fitted  at  both  ends. 

t For  top  connection  angles  tying  beams  or  girders  to  ocdumns. 

V For  purlin  clips. 

w For  web  members  of  trusses,  laterals  in  girders  or  angles  in  cross  frames  unless  such  material 

is  shipped  loose  without  being  connected  to  any  other  part. 
V For  lattice  bars. 

Material  that  appears  on  two  or  more  sheets  shall  be  identified  as  standard  pieces.  Stand- 
ard pieces  will  be  identified  by  the  typical  letter  given  under  shop  assembling  marks  and  a 
figure,  followed  by  the  letter  "x."  The  letter  "x"  indicates  that  the  pieces  are  standard.  For 
example,  a  series  of  standard  stififener  angles,  fitted  at  one  end  only  will  be  given  as  **klxy'* 
**k2x/*  etc.,  the  letter  k  indicating  a  stififener  angle  fitted  at  one  end  only,  the  numerals  1,  2, 
etc.,  being  the  identifying  marks,  and  the  letter  x  making  them  standard  pieces. 

For  all  standard  pieces  on  an  order,  a  summary  shall  be  prepared.  This  summary  must 
give  the  number  of  pieces,  size,  length,  mark,  and  the  sheet  number  on  which  the  piece  is  first 
detailed.  All  pieces  having  the  same  typical  letter  shall  be  grouped  together  as  far  as  possible 
in  the  summary,  the  numbers  to  follow  each  other  consecutively.  Summary  sheets  shall  be 
numbered  consecutively  2C1  —  X2,  etc.  Summary  of  standard  pieces  shall  be  made  for  each 
tier  or  shipment. 

Pieces  not  standard  are  pieces  that  occur  only  on  one  sheet.  They  will  be  identified  by  the 
typical  letter  given  under  the  shop  assembling  marks  followed  by  a  small  letter  and  the  sheet 
number.  For  example,  an  odd  seat  angle  shown  on  sheet  number,!  is  marked  **hai."  The 
numeral  ^'1, ''  giving  the  sheet  number,  should  not  be  given  on  the  drawing;  it  should  only  be 
given  in  the  marking  column  provided  in  the  shop  bill.  Hence  the  angle ''  &al ''  would  appear  on 
the  drawing  as  **ha'*  and  in  the  shop  bill  as  ^^haV\  Additional  seat  angles  on  the  same  sheet 
would  be  marked  "661 "  ''6cl, "  etc.     No  summary  is  made  for  pieces  not  standard. 

All  material  shipped  loose  shall  have  a  shipping  mark. 

The  material  ordered  from  the  rolling  mill  must  be  so  noted  in  the  last  column  of  the  shop 
bill. 

152.  T]rpical  Detail  Drawings. — Figs.  266  to  271  inclusive  are  here  presented  as  being 
typical  shop  detail  drawings  of  members  most  frequently  met  with  in  building  construction. 
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Simple  members  were  selected  for  these  illustrations  because  of  their  simplicity  but  the  methods 
of  laying  out  and  arrangement  of  sketches  and  dimensions  might  be  studied  to  advantage  and 
applied  to  more  complicated  structures.  These  methods  are  typical  of  modem  practice  and  are 
easily  and  quickly  apphed  and  readily  understood  by  shop  workmen. 

Figs.  266  and  267  give  typical  beam  details.  Where  horixontal  distance  between  holes  is 
omitted,  distance  center  to  center  is  understood  to  be  5}i  in.  When  vertical  distance  between 
holes  is  omitted,  such  distance  center  to  center  is  understood  to  be  23^  in.  These  beam  sketches 
are  takcA  from  The  American  Bridge  Company's  standard  and  are  typical  of  current  practice. 
In  general  detailing,  which  might  be  used  by  any  shop,  it  is  better  to  provide  the  omitted  dimen- 
sions, size  of  angles,  etc.  on  the  drawing. 

Figs.  268  and  269  show  shop  detail  drawings  of  Bethlehem  H  and  built-up  mill  building 
columns.  Fig.  270  is  a  shop  detail  drawing  of  modem  roof  trusses,  and  Fig.  271  of  a  building 
plate  girder.  Figs.  266,  267,  and  270  have  been  taken  from  Ck)nklin's  ''Stmctural  Steel  Draft- 
ing and  Elementary  -Design." 

The  details  shown  in  Fig.  270  are  those  for  a  series  of  steel  roof  trusses  for  a  building  roof, 
the  complete  connections  for  purlins,  stmts,  and  bracing  being  shown.  Trusses  of  this  type 
and  size  are  usually  shipped  in  halves,  the  hanger  at  center  and  center  bottom  chord  being 
shipped  loose.    Note  the  open  holes  to  provide  for  this. 


CONCRETE  DETAILING 
By  Wai/tbr  W.  Clifford 

Concrete  detailing,  as  a  branch  of  stmctural  drafting,  is  young,  and  pitifully  weak  as  com- 
pared with  steel  detailing.  This  is  particularly  unfortunate,  as  the  grade  of  labor  used  on  con- 
crete and  reinforcement  is  usually  less  skilled  than  that  used  on  steel.  Up  to  the  present  time, 
credit  for  the  success  of  much  concrete  constmction  has  belonged  more  to  the  superintendent  or 
foreman  of  constmction  than  to  the  architects  or  engineers  who  designed  the  work. 

In  concrete  detailing,  two  things  must  be  considered:  (1)  the  outlines  of  concrete  which 
give  necessary  information  for  the  forms,  and  (2)  reinforcement  details  used  in  the  bending 
shed  to  get  out  steel,  and  on  the  floor  to  place  it. 

16S.  Outlines. — Outlines,  or  outside  dimensions  of  concrete,  are  invariably  given  by  the 
architect  or  engineer  designing  the  work.  For  this  part  of  concrete  detaihng  the  common  rules 
of  drafting  usually  suffice.  In  general,  outlines  and  reinforcement  can  be  taken  care  of  on  the 
same  drawing.  But  where  the  outlines  are  very  complicated,  separate  outline  and  reinforce- 
ment drawings  avoid  confusion  and  save  time  in  the  drafting  room  as  well  as  in  the  field.  Com- 
mon cases  of  this  kind  are  wells  and  pits,  and  complicated  floors.  For  wells  and  pits  '' outline 
drawings"  are  made  giving  all  information  for  forms,  and  then  in  making  the  reinforcement 
drawings,  the  outlines  as  represented  by  forms  being  defined,  reinforcement  is  located  from  them. 
In  the  case  of  floors,  so-called  "surface  plans  "  are  often  made.  Upon  these  plans,  together  with 
necessary  sections,  openings  and  pedestals  are  located  and  dimensioned ;  surface  slope,  if  any, 
is  shown;  and  beams  are  marked,  sized,  and  located.  In  a  few  cases  floors  have  been  so  ex- 
tremely complicated  that  it  was  found  advisable  to  add  to  surface  and  reinforcement  plans,  a 
machine  bolt  location  plan. 

154.  Qimensions. — In  dimensioning  similar  members,  such  as  beams  or  columns,  a  logical 
and  consistent  location  of  dimensions  will  simplify  both  office  and  field  work.  On  beam  details, 
for  example,  give  the  locations  of  intersecting  beams  in  a  line  of  dimensions  above  the  elevation ; 
the  clear  span  and  support  width  in  the  first  line  of  dimension  below  the  elevation;  and 
the  span  center  to  center  of  supports  below  this  (see  Fig.  279,  p.  325).  Give  stirmp  spacing 
near  the  center  of  the  elevation;  list  the  cambered  or  bent  steel  just  below  right  end;  the 
straight  steel  below  the  left  end ;  stirmps  and  spacers  under  the  center  of  the  beam,  etc.  Con- 
sistency of  this  kind  is  essential  for  good  details.  The  location  of  the  information,  so  long  as  it 
is  clearly  given  is  of  less  importance  than  the  consistency  in  placing  it  in  a  given  location. 

21 
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166.  Framing  Plans. — Where  there  is  no  surface  plan,  framing  plans  are  usually  combined 
with  slab  reinforcing  plans.  Framing  plans  should  show  clearly :  all  column  center  lines,  loca^- 
tion  of  all  beams,  size  of  all  beams  (in  case  of  sloping  floor  surface,  note  grade  from  which  beam 
depth  is  given),  beam  marks,  column  marks,  and  preferably  the  sizes  of  the  columns,  below  the 
floor.  Concrete  beams  are  shown  to  scale  on  ^-in.  scale  plans  and  as  a  single  heavy  line  on  3i- 
in.  scale  plans.  Steel  beams  supporting  concrete  slabs  are  well  shown  by  a  very  heavy  dash 
line. 

Beam  and  column  marks  are  of  considerable  importance.  The  common  custom  of 
numbering  them  in  sequence  is  open  to  objections.  In  the  course  of  the  changes  which  most 
plans  undergo,  No.  92  is  likely  to  land  between  Nos.  5  and  6  and  it  is  then  difficult  to  locate. 
The  coordinate  system  while  it  seems  complicated  at  first,  is  really  simple  and  easy  to  Icam. 
In  this  system  column  lines  vertical  on  the  plan  are  lettered  and  horizontal  lines  are  numbered. 
Beams  can  then  be  marked  with  the  mark  of  the  column  at  the  lower  left-hand  comer  of  the 
bay  in  which  they  occur  together  with  H  for  horizontal  on  the  plan,  or  V  for  vertical.  Fig.  272 
illustrates  this  system.  Intermediate  beams  may  be  designated  by  primes.  Typical  beams 
which  repeat  a  number  of  times  may  have  single  numbers — odd  for  horizontal,  and  even  for 
vertical  beams  on  the  plan — ^in  place  of  location  marks.  The  floor  number  may  precede  the 
mark.    With  this  system  any  member  added  during  the  making  of  the  drawings  has  a  mark 

ready  for  it  and  cross  reference  between  framing  plans  and  details 
__  __  is  greatly  facilitated. 

^  J  '      ^        ]  Floor  grades  and  references  to  the  sheets  on  which  details  will 

^      ^       S       I  be  found  are  useful  additions  to  framing  plans. 

0-]«wl       {ffl?  I J  150^  Reinforcement  Details  of  the  Architect— There  are  two 

kinds  of  reinforcement  details,  those  of  the  architect  and  those 
of  the  engineer  or  contractor.  The  architect  is  necessarily  in- 
terested only  in  giving  the  information  essential  for  carrying  out 
his  design,  while  the  engineer  has  to  give  complete  information 
for  the  bending  shop.  The  information  which  the  architectural 
office  must  give,  is  in  general:  size  and  location  of  all  main  rein- 
forcement together  with  the  angle  and  location  of  all  cambers  and 
bends;  also  the  size,  shape  and  location  or  spacing  of  auxiliary 
rods  such  as  stirrups,  hoops,  and  spacers.  The  architect  must  remember  that  if  he  is  to 
justify  himself  as  a  designer  of  his  work  he  must  at  least  give  such  information  that  details 
can  be  made  in  only  one  way  and  then  he  must*  check  bending  details  to  see  that  they  are 
properly  made. 

Some  of  the  necessary  information  can  be  covered  by  notes  such  as: 

All  main  slab  steel  shall  be  centered  ^  in.  above  the  forms  for  bottom  steel  and  ^  in.  below  the  roogh  slab  grade 
for  top  steeL 

The  lower  layer  of  beam  steel  shall  be  centered  2  in.  above  the  forms  in  all  beams  and  3  in.  in  all  girders.  The 
top  layer  of  negative  reinforcement  shall  be  centered  2  in.  below  the  rough  slab  grade  for  all  beams  and  3  in.  for  all 
girders. 

Chairs  or  supports  for  reinforcement  may  be  covered  by  note  or  in  specifications  in  the 
following  manner: 

Churs  of  an  approved  type  shall  be  used  to  support  all  slab  steel.  At  least  one  chair  shall  be  used  for  each  15 
sq.  ft.  of  floor. 

157.  Reinforcement  Details  of  the  Engineer  or  Contractor. — Detailing  by  the  contractor 
is  analogous  to  steel  shop  drawing.  Assembly  drawings  should  be  made  on  which  each  piece 
is  given  a  mark,  with  the  place  it  is  to  occupy  in  the  form  definitely  indicated.  Complete 
schedules  should  also  be  given  with  bending  diagrams.  A  number  of  engineers,  whose  busi- 
ness arrangements  with  clients  permit  it,  detail  the  concrete  fully  and  schedule  the  reinforce- 
ment. This  is  the  most  satisfactory  method,  for  the  designer  of  concrete  should  be  entirely 
responsible  for  the  details.  Details  of  various  parts  of  concrete  construction  wiU  now  be  con- 
sidered somewhat  from  the  viewpoint  of  tJbt^  ppntr^ctor  pr  the  fortunate  engineer  able  to 
detail  his  own  wojk. 
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1B8.  Sole  ftnd  CoaventionH. — Sc&k  for  conciete  details  is  quite  commonly  ^  in.  =  1  ft., 
and  this  is  satisfactory  for  most  work.  Sections  may  be  indicated  by  shading  on  the  back 
of  the  tracing  with  a  soft  pencil.  This  is  quicker  than  the  conventional  symbol  and  at  least  as 
effective.  Full  heavy  lines  ore  used  for  leinforcement  in  the  details  given  in  this  chapter, 
and  this  is  most  satisfactory  on  dmwings.  The  distinction  between  the  rods  and  the  outhne 
of  the  concrete  is  in  the  weight  of  the  line.  Dash  lines  as  sometimes  used  are  slower  to  draw  and 
often  lead  to  confusion  where  rods  croea  at  angles. 

It  should  be  home  in  mind  that  concrete  reinforcement  det^ls  are  largely  diagrams. 
Clear  indication  of  the  way  rods  are  to  go, 
is  vastly  more  important  than  true  ortho- 
graphic projection.  For  example,  the  rods 
shown  over  a  beam  support  in  actual  pro- 
jection in  Fig.  273  may  be  in  diagram  as  Fio.  273.  Fio.  271.  Pia.  276. 
shown  in  Fig.  274  or  as  shown  in  Fig.  275, 

They  should  be  diagrammed  correctly  as  shown  in  one  of  the  later  views.  The  cross  section 
will  indicate  that  they  arc  at  the  same  elevation,  and  proper  scheduling  will  bring  them  there. 
169.  Slabs  and  Walls. — Slabs  and  walls  are  similar  in  detail  and  vary  only  in  position. 
They  have  in  general  mtun  reinforcement  perpendicular  to  a  system  of  beams,  and  spacers  at 
right  angles  to  the  main  rods.  The  main  steel  may  be  cambered  to  give  negative  reinforcement, 
or  the  so-called  looae-rod  system  of  separate  bars  to  take  care  of  negative  moment  may  be  used. 
In  walls,  vertical  rods  are  placed  outside  (nearer  the  face)  wherever  possible.     This  is  better  for 

concrete  placing. 

lB9a. 
Listing.— Steel  in 
plan,  or  elevation  if  in 
walls,  is  best  indicated 
by  considering  bands 
consisting  of  rows  of 
evenly  spaced  identi- 
cal bars.  The  out^de 
bars  of  the  band  are 
shown  and  the  band 
bated  as  shown  in  Yi%. 
276. 

In  architectural 
detailing  the  bands 
may  be  similarly 
shown  and  listed 
simply. "M  *  6"c.  to 
C." 

A  diagram  of  two 
adjacent  rods  will  be 
noted  in  Fig.  276  in 
the  center  of  the  bays. 
This  is  often  on  ad> 
vantage  in  working  out  the  detail  and  may  save  separate  sections  to  a  large  extent. 

To  differentiate  clearly  between  steel  in  top  and  bottom  or  far  and  near  aide,  a  method 
successfully  used  is  to  add  to  the  listing/.*,  or  (.».  thus  "29-?^"  *-A42-6"  c.  to  e.-t.a."  Then 
use  as  a  general  note:  "All  rods  mariced  t.a.  are  in  the  top  of  the  slab,  all  other  rods  are  bottom 
or  cambered  steel  "or  "All  rods  mariced/.«.  arein  the  far  side,  all  other  rods  are  in  the  nearside." 
In  listing  bands,  the  number  of  rods,  type,  and  spacing  are  obviously  needed  for  setting 
the  steel  on  the  floors.  Hie  sise  should  also  be  given  because  rods  are  ordinarily  stored  by  aises 
on  the  job,  and  this  information  is,  therefore,  helpful  in  finding  them.  Schedules  are  ordi- 
narily not  used  in  setting,  and  if  used,  cross  reference  between  plan  and  schedule  is  i 
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11196,  Spscars.— Spacera  are  very  commonly  ^^-in.  rounds,  2  ft.  on  centers,  for 
ordinal?  slabs.  In  walls  a  size  smaller  thsji  the  main  reinforcement  is  commonly  used  with  a 
maximum  of  Ji  in.  and  a  minimum  of  ?g  in.,  and  with  spacing  18  in.  to  3  ft.  They  are  ordinarily 
random  length  for  the  smaller  rods,  scheduled  as  total  length  and  cut  on  the  floor.  They  may 
be  covered  by  a  note,  or  indicated  in  the  diagram  [see  Fig.  376).  The  larger  apaceis  (%  or 
^  in.)  are  best  listed  and  typed  in  bands  like  main  reinforcement. 

iMe.  Rod  Spadng. — Rod  spacing  in  slabs  is  limited  in  the  Joint  Committee's 
report  to  2)ii  times  the 
'  slab  thickness  and  the 
minimum  should  be  as  id 
beams.  Common  prac- 
tice for  ordinal?  woric  is 
1  to  l}i  times  the  slab 
thickness. 

ISM.  Sec 
tions. — In  addition  to 
slab  plans  and  wall  eleva- 
tions, sufficient  sections 
I  must  be  given  to  cleariy 
indicate  the  location  ol 
L  all  steel  (see  Rg.  277). 

1S&«.  Flat 

*•  subs. — Flat    slab     con- 

r,o.  277.— W.II  dotall.  Ftructlon  is  detailed  like 

other  slabs,  except  that 

typical  bands  may  well  be  hsted   "Band   A,"  etc.,  the  schedule  indicating  the  makeup  of 

the    various   bands      This   is   sometimes   possible   with   beam-and-slab   construction.     The 

S.  M,  I.  flat-slab  system  msJces  use  of  units  of  spider  type  over  columns  and  in  the  center  of 

bays.     On  reinforcement  plans  of  this  system  each  unit  is  completely  ahowa  once  and  els^ 

where  umply  a  circle  is  shown  (the  outside  ring)  and  marked  "Unit  C,"  etc.     Where  separate 

units  are  used  for  positive  and  negative  reinforeement,  different  weights  of  lines  may  be  used 

for  top  and  bottom  steel     This  helps  greatly  in  the  clearness  of  the  drawings. 


n 


^ 


160.  Beams.— A  typical  beam  detail  from  an  architectural  office  is  shown  in  Fig.  278. 
The  same  beam  is  fully  detailed  in  Fig.  279.  The  best  practice  is  to  detail  beams  and  columns 
as  separate  units  or  members,  as  is  done  in  steel  detailing.  This  is  preferable  to  covering  them 
by  various  and  sundry  sections  through  the  floor.  Some  conventions  are  used.  The  dash 
Une  is  used  in  the  section  to  indicate  cambers  in  elevation;  in  the  elevation  it  is  used  to  indicate 
rods  belonging  to  another  detail.  A  somewhat  lighter  hnc  is  used  for  stirrups  than  for  main 
steel.  The  open  circle  at  the  top  ot  the  camber  is  used  for  a  horirontal  rod  in  elevation  while 
the  solid  circle  is  used  for  the  rods  cut  by  the  section. 
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UOa.  Rod  Spftdng. — Bod  spacing  in  beams  is  diecussed  from  the  theoietic&l 
point  of  view  in  Sect.  1,  Art.  63A.  In  addition  to  this  the  detailer  should  know  that  the  clear 
distance  between  rods  should  be  not  less  than  twice  the  largest  aggregate  size.  Rods  are  often 
used  in  two  layers,  very  seldom  more  than  two.  layers  of  beam  rods  are  usually  separated 
1  in.  by  short  spacer  bars.  ThediBtance  between  theeespacers  depends  on  the  size  of  the  main 
«teel.  Fifty  timee  the  diameter  of  the  main  steel  is  reoaonable.  There  should  be  at  least  two 
apaceis  under  each  rod  of  the  top  layer. 

160b.  ConnectionB. — The  int«isection  of  beam,  girder,  and  column  steel  over 
the   column   head  must  be  carefully  studied.     With  a  beam  centered  on  a  column,  careless 


detailing  often  has  a  rod  in  the  center  of  the  column  and  one  in  the  center  of  the  beam.  Small 
rods  (3>^  in.  or  less)  are  easily  offset,  but  this  is  not  the  case  with  larger  rods.  Beam  and  girder 
intersections  must  also  be  dettuled  with  care  to  see  that  interference  is  not  caused  by  rods  at 
the  same  grade. 

lOOc  Inflection  Points. — Certain  parts  of  concrete  theory  are  particularly  the 
province  of  the  detailer.  He  should  be  familiar  with  the  use  of  reinforcement  to  take  tension 
and  know  which  is  the  tension  aide  of  beams  in  all  casee — as  well  as  in  slabs  and  walls.  He 
should  also  have  a  general  idea,  at  least,  of  the  location  of  inflection  points.  See  "Restrained 
and  Continuous  Beams,"  Sect.  1. 

160d.  Stjmips. — Shear  and  stirrups  are  also  very  much  the  province  of  the 
detailer.     He  should  know  the  variation  of  shear 
with    uniform   and    concentrated    loads    (see 
"Shears   and   Moments,"  Sect.   I,  and  "Re- 
strained and  Continuous  Beams,"  Sect.  1).     He 
should  be  familiar  with  the  method  of  determin-     If^^ 
ing  stirrup  spacing  (see  "Reinforced  Concrete 
Beams  and  Slabs,"  Sect.  2).     In  addition  to 
theoretical  consideration  the  following  practical 
points  are  useful:  It  is  good  practice  to  place 
stirrups  4  or  6  in.  from  the  face  of  all  intersect- 
ing   beams.    The   first   stirrup  is  located  by  ^la.  asa 
many  engineers  about  ^  t«  ^  of  the  depth  of 

the  beam  from  the  face  of  the  support,  diagonal  tension  cracks  almost  never  starting  at  the 
support.  In  very  wide  beams  where  stirrups  of  more  than  four  legs  would  be  needed  it  is 
better  from  a  practical  standpoint  to  use  several  U'sor  W'sasshownin  Fig.  280.  Rods  larger 
than  %  in.  should  not  be  used  as  stirrups,  unless  absolutely  necessary,  on  account  of  the 
difficulty  of  bending. 

160e.  Bond.^ — Bond  is  seldom  an  important  item  in  beam  and  slab  design. 
Most  properly  designed  beam  reinforcement  is  sufficient  for  bond.  In  beams  continuous 
over  supports,  part  of  the  main  reinforcement  is  usually  cambered.  The  balance  is  continued 
across  the  support  as  compression  steel  in  T-beams,  and  this  use  determines  the  lap  rather  than 
bond    {see  right-hand  support,  I'ig.  279).    At  end  supports,  straight  steel  is  often  hooked. 
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It  is  good  practice  to  hook  the  ends  of  tenBiou  rods  at  all  end  supports.    The  ends  of  stimipB 
usually  need  hooks  for  bond  and  it  is  good  practice  to  book  all  of  them. 

161.  Columns. — Columns  can,  if  simple,  be  covered  by  a  column  schedule  of  the  type 
shown  in  Fig.  281,  The  rod  schedule  and  a  few  notes  will  Complet«  the  necessary  infonnation. 
In  the  architectural  type  of  detailinf;,  main  steel  may  be  listed  as  lonji  rods  and  thcrt  Tod»,  and 
notes  added  such  as  "Short  rods  shall  be  6  in,  shorter  than  the  distance  floor  to  floor,"  "Long 
rods  shall  be  50  diameters  longer  than  the  distance  floor  to  floor,"  "All  columns  are  to  be 
concentric,  except  those  on  the  A,  C,  1,  and  10  lines,  which  are  to  be  flush  on  the  outside 
face  or  faces,"  In  the  case  of  columns  having  complications  such  as  brackets,  an  elevation 
should  be  drawn  similar  to  beam  elevations'  and  the  necessary  sections  added. 
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Uld.  Rod  Spaclng.^The  rod  spacing  of  the  main  rode  usually  takes  care  of 
itself  with  standard  percentages  of  steel  and  commercial  rod  sizes.  The  maximum  spacing 
of  vertical  rods  allowed  by  good  practice  is  about  10  or  12  in.  In  the  case  of  Urge  columns 
with  high  percentages  of  steel  it  is  difficult  to  get  all  that  are  required  in  one  band.  The  largest 
rod  easily  available  in  most  localities  is  X}^  in.  In  large  columns  these  should  be  spaced  at 
least  6  in.  apart,  and  where  spiral  hooping  is  used  at  least  8  in.  Where  too  many  rods  are 
required  for  this  spacing,  two  rows  of  rods  should  be  used  or  some  of  the  rods  should  be  placed 
in  the  form  of  a  cross  inside  the  core.  Hoops  are  limited  by  the  Joint  Committee's  report  to  & 
maximum  spacing  of  12  in.,  or  16  times  the  diameter  of  the  longitudinal  bare.  Light  rods  suf- 
fice for  this  hooping,  >i  to  K  in.  being  the  common  sizes;  li-in.  round  the  most  used. 
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1616.  Spiral  Hooping. — Spiral  hooping  for  columns  is  expressed  in  percentage 
of  volume  of  hooping  to  volume  of  core  per  unit  of  length.  The  design  of  hooping  is  discussed 
in  Arts.  85  and  96. 

Hooping  has  great  possibility  of  irregularity  when  the  core  is  of  large  diameter.  In  order 
to  ship  flat,  two  vertical  ties  only  are  used,  and  this  leads  to  deformation  in  handling.  One- 
inch  cover  may  do  on  12  to  16-in.  columns  but  on  3-ft.  cores  or  larger  at  least  3  in.  of  cover 
should  be  allowed  and  preferably  4  in.,  irrespective  of  fire  risk. 

161c.  Splices. — Horizontal  joints  in  columns  ordinarily  occur  at  the  bottom  of 
the  deepest  girder,  at  the  rough  floor  grade,  and  in  some  cases  at  the  top  of  upstanding  spandrel 
beams.  The  top  of  the  rough  floor  is  usually  a  splice  point,  and  good  practice  requires  rods,  to 
the  number  of  those  in  the  upper  section,  run  up  from  the  lower  section,  the  distance  required 
for  bond.  These  rods  should  preferably  be  so  located  that  the  rods  in  the  upper  section  can  be 
wired  directly  to  them.  In  the  case  of  large  rods  some  engineers  require  rods  to  be  faced  and 
held  in  a  sleeve.  It  is  very  difficult,  however,  to  so  place  and  hold  faced  rods  for  the  direct 
transfer  of  load.  Where  offsets  are  required  in  extended  rods  on  account  of  change  of  column 
sections,  they  should  be  at  least  a  foot  below  the  splice,  and  offsets  should  not  be  by  slopes  of 
more  than  30  deg.  with  the  vertical. 

162.  MigceUaneous  Concrete  Members. — The  general  principles  enumerated  can  be 
followed  to  detail  most  miscellaneous  structures.  In  miscellaneous  structures,  as  in  slabs, 
there  is  danger  of  putting  so  much  information  on  a  single  view  that  it  becomes  confusing  to 
draftsman  and  builder.  Rods  usually  appear  in  more  than  one  view.  They  will,  of  course, 
be  listed  in  one  view  only,  and  be  noted  in  the  others.  It  is  important  for  good  detailing  that 
they  be  listed  in  the  best  place.  Ordinarily,  this  is  in  the  view  in  which  the  rods  appear  in 
projection  as  a  straight  line.  Whenever  a  structure  is  detailed  in  parts,  however,  rods  which 
run  into  two  parts  should  always  be  listed  with  the  part  which  will  be  poured  first.  For  example, 
in  a  tunnel,  angle  rods  from  the  floor  into  the  walls  should  be  listed  in  the  floor  detail.  The  more 
common  miscellaneous  members  are  footings,  pits  and  tunnels,  engine  foundations,  and  re- 
taining walls 

162a.  Footings. — Footings  vary  so  greatly  in  complexity  that  it  is  difficult  to 
lay  down  general  rules.  Usually  a  plan  and  one  or  more  sections  will  be  needed.  Sometimes 
they  are  simply  large  beams  and  can  well  be  detailed  as  such.  Stirrups  should  never  be  used 
in  footings  where  it  is  possible  to  avoid  them.    They  are  exceedingly  difficult  to  place. 

162&.  Pits  and  Tunnels. — Pits  and  tunnels  which  are  complicated  are  best 
separated  into  members,  and  each  slab  and  wall  detailed  independently.  Where  they  are 
simple,  general  views  and  sufficient  sections  will  suffice.  Simple  structures  of  considerable 
length  like  some  power  house  intake  and  discharge  tunnels,  are  conveniently  detailed  by  giving 
all  the  different  cross-sections,  and  longitudinal  sections  through  the  ends,  and  showing  a  small 
scale  key  plan  indicating  the  extent  and  location  of  the  parts  where  each  section  applies.  This 
method  is  also  applicable  to  some  grade  beams,  spandrel  details,  and  some  retaining  walls. 

162c.  Engine  Foundations. — Engine  foundations  where  they  are  only  pedestals, 
can  be  detailed  with  the  floors.  Larger  foundations  such  as  those  ordinarily  reqmred  for  large 
turbo-generators  should  be  detailed  as  separate  structures.  The  larger  ones  should  be  broken 
up,  and  slabs,  beams,  and  columns  detailed  separately,  like  any  similar  units. 

162(2.  Retaining  Walls. — ^Retaining  walls,  if  of  uniform  section,  may  be  detailed 
in  the  method  suggested  for  long  tunnels.  Where  counterfort  or  buttress  walls  are  used,  sepa- 
rate details  of  vertical  slab,  footing  slab,  counterfort  or  buttress,  etc.,  are  needed. 

162c. '  Construction  Joints. — Construction  joints  should  be  included  in  some 
detaib.  For  example,  timnels  are  usually  poured  in  three  parts — floor,  walls,  and  roof.  If 
the  walls  are  subject  to  pressure,  it  is  important  that  they  have  bearing  on  floor  and  roof. 
Detaib  such  as  those  shown  in  Fig.  282  should  be  designed  for  shear  and  shown  on  the  drawings. 

162/.  Spacers. — Spacers  in  miscellaneous  members  need  more  attention  than 
is  often  given  them.  In  addition  to  their  theoretical  use  for  temperature,  or  to  distribute 
loa'ds,  they  have  the  important  function  of  holding  the  main  steel  rigidly  in  place  during  the 
pouring  of  the  concrete.    Some  practical  thought  of  how  the  steel  is  to  be  placed  and  held,  is 
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Fig.  282. 


necessary  in  locating  spacers.    For  example,  bands  of  L-shaped  rods  need  three  spacers  at 
least,  one  in  the  angle  and  one  near  each  end,  if  the  band  is  to  be  held  rigid. 

162^.  Rod  Splices. — Construction  joints  must  also  be  considered  in  reinforce- 
ment detailing.  It  is  bad  practice  to  have  rods  extend  through  a  construction  joint  with  only  a 
small  part  of  their  length  imbedded  in  the  first  pouring.  This  is  especially  bad  in  the  case  of 
vertical  rods.  They  are  difficult  to  support  and  very  likely  to  be  bent  out  of  shape.  As  far 
as  possible,  where  rods  would  project  6  ft.,  or  more  than  half  their  length  beyond  a  joint,  they 
should  extend  only  the  bond  distance.  They  should  then  be  spliced  by  another  rod  starting 
at  the  joint.    Fig.  283  shows  a  typical  illustration  of  this. 

In  the  case  of  footings  there  are  no  vertical  rods  to  extend  up  through  the  joint.  Special 
short  rods  called  stubs  are  used  in  such  cases.    They  extend  a  distance  required  for  bond,  each 

side  of  the  joint,  and  act  as  dowels  (see  Fig.  283).  Vertical 
rods  should  always  start  at  a  construction  joint  when  possible, 
so  that  they  may  be  set  directly  on  the  old  concrete  when 
placed  (see  Fig.  282).  Design  factors  sometimes  overrule  the 
foregoing;  for  example,  high  waUs  often  require  vertical  steel 
from  top  to  bottom  while  one  or  more  construction  joints  are 
necessary.  Care  must  be  used  in  all  such  cases  to  conform  to 
design  requirements  and  at  the  same  time  make  placing  as 
simple  as  possible. 

168.  Reinforcement  Cover. — ^The  cover  over  reinforcing 
rods,  as,  for  example,  under  slab  or  beam  rods  or  outside  of 
column  rods,  serves  to  protect  them  from  fire  and  weather  and 
also  to  develop  bond  on  the  entire  surface  of  the  rod.  Detailers  should  be  familiar  with 
common  fireproofing  requirements.  Too  little  cover  means  danger  from  fire  or  sometimes 
moisture,  too  much  in  beams  and  slabs  means  cracks  in  the  concrete  below.  A  H~hi.  clear 
cover  for  slabs  4  in.  thick,  with  rods  not  over  K  in.,  and  a  small  fire  risk,  is  the  minimum.  A 
1-in.  clear  cover  is  about  the  maximum  for  slabs.  For  beams  and  girders  IK  to  3  in.  is  used 
according  to  the  importance  of  member  and  the  fire  risk.    In  columns,  from  1  to  4  in.  is 

used. 

164.  Shop  Bending. — ^Every  concrete  detailer  should  be  familiar  with  reinforcement  in 
place  in  the  forms,  and  as  far  as  possible  with  the  process  of  bending  and  placing.  With  odd- 
shaped  rods,  bending  difficulties  should  receive  careful  consideration. 
Radius  bends  larger  than  4  in.  are  difficult  and  expensive  to  obtain. 
Small  bends  are  made  around  pipe  sleeves  or  blocks.  An  exception  to  this 
is  spirals,  and  circles  such  as  are  used  in  the  S.M.I,  flat  slab  system. 
Special  machines  in  well  equipped  yards  take  care  of  these  economically. 
It  should  be  remembered  that  on  large  rods  a  precision  on  offsets  closer 
than  1  in.  is  difficult  to  obtain.  Details  should  not,  therefore,  be  made 
which  require  such  precision.  Angles  in  rods,  except  parallel  offsets,  cannot 
be  made  with  great  precision  and  accurately  bent  rods  will  spring  in 
handling  unless  very  heavy  compared  to  their  length.  Details  therefore 
in  which  a  slight  variation  in  the  angle  of  the  rod  would  cause  trouble 
should  not  be  made.  For  example,  l^lg.  284  is  bad.  The  detail  should 
be  as  shown  in  Fig.  285.  In  addition  to  the  practical  weakness  it  is  of 
course  poor  design  to  carry  a  rod  around  the  face  of  a  reentrant  angle 
as  shown  in  Fig.  284  since  the  resultant  of  the  tension  in  the  two  legs 
acts  against  the  fireproofing  only.  Cambers,  in  slab  rods  (^  in.  or 
under)  may  be  as  many  as  four,  within  reason.  With  larger  rods,  as  used 
in  beams,  not  more  than  two  cambers  should  be  used  in  a  single  rod. 

166.  Reinforcement  Assembly. — Bending  may  be  done  in  the  contractor's  yard  or  on  the 
job.  In  either  case  the  bent  rods  tagged  with  type  numbers  are  stored,  usually  by  sizes,  in 
racks  or,  if  space  is  available,  on  the  ground  opposite  the  place  where  they  are  to  be  used. 

Column  steel  is  usually  assembled  on  horses  and  placed  as  a  unit.    Beam  steel  may  be 


Fig.  388. 
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handled  in  this  way  but  where  beamB  intersect  over  the  columns  at  least  part  of  them  must  be 
assembled  in  the  forms.  Beam  rods  hooked  into  spiraled  columns  should  therefore  be  avoided 
on  account  of  the  difficulty  of  placing.  When  beam  steel  is  assembled  in  the  form,  stirrups 
are  first  placed  and  it  is  a  good  idea  to  provide  loop  bars  {%  or  3^-in.  rods)  the  full  length  of  the 
beam  to  be  placed  under  tiie  hook  of  the  stirrups,  by  which  to  support  them. 

In  slabs,  assembly  by  units  is  generally  impracticable  except  occasionally  in  some  t3rpe8 
of  flat-slab  construction.  Spacers  are  laid  down,  preferably  on  suitable  chairs,  and  the  main 
reinforcement  is  placed  on  them  and  wired. 

In  wall  reinforcement,  vertical  rods  are 
usually  placed  first  and  then  the  horizontal 
rods  tied  to  these.  In  slab  and  wall  rein- 
forcement, deformed  rods  are  held  more 
rigidly  in  place  by  wiring  than  plain  rounds, 
which  have  a  tendency  to  slip  through  the 
ties. 

166.  Rod  Sizes. — In  the  choice  of  rodd 
there  are  a  few  points  to  be  considered 
In   the   first   place,    rods   of  ^   to   1-in. 

diameter  have  base  price,  i.e,f  the  lowest  price  per  pound,  and  are  therefore,  other  things 
being  equal,  the  cheapest.  Ke-ui*  su^^  with  the  possible  exception  of  Ke-in.  square  are  not 
commercial  sizes.  %  to  Ifi  in.  are  the  readily  available  sizes.  Good  detailing  limits  the 
sizes  in  the  various  units  and  as  far  as  possible  on  the  whole  job,  to  avoid  confusion.    Squai^es 


Fig.  284. 


Fio.  285. 


"  A — Stnigbt  rods 
"I  B — One  or  two  hooki 

O-'-Odb  camber  or  offset 
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.^'"n  D — Two  oambers 
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*B — Three  or  more  oambers 
>  Stirrups 


With  or 

without 

hooked  ends 


and  rounds  are  best  not  used  together. 
167.  Schedules. — Rod  schedules 
are  sometimes  made  as  a  table  on  the 
drawing  itself,  but  best  practice  is  a 
separate  sheet  which  is  commonly 
about  12  X  21  in.  This  size  is  easily 
handled  in  the  yard.  A  sample  of  a 
good  schedule  form  is  given  in  Fig.  286. 
Type  members  must  be  con- 
sidered in  connection  with  rod  sched- 
ules. Letters  for  various  types  are 
convenient.  The  scheme  shown  is  in 
successful  use.  The  individual  rods 
are  given  separate  numbers  and  great 
care  is  necessary  to  avoid  duplication 
of  numbers.  The  use  of  the  number  of 
the  sheet  on  which  the  detail  of  the 
rod  occurs,  as  part  of  the  type  number  is  open  to  the  objection  of  giving  a  long  number,  but  it 
automatically  avoids  duphcation.    This  is  illustrated  on  the  schedule  given. 

Schedules  include,  of  course,  the  lengths  of  bar  in  each  run,  i.e.,  the  distance  between 
angles.  The  curves  in  Figs.  287  and  288  are  convenient  for  finding  camber  lengths.  At  the 
intersection  of  the  vertical  line  for  the  camber  height,  with  the  horizontal  line  for  the  horizontal 
projection  of  the  camber,  read  the  slope  lengths  with  the  arcs  as  a  scale.  For  30  or  45-deg. 
cambers  the  slope  distance  can  be  read  at  the  intersection  of  either  height  or  distance  with  the 
corresponding  slope  line. 


O— Binders 


BA— Bracket  rods 


8 — Any  other  special  type 
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SECTION  3 
STRUCTURAL  DATA 

BUILDmGS  IN  GENERAL 

1.  Types  of  Buildings. — Buildings,  according  to  the  building  law  of  the  City  of  Boston,  are 
divided  into  three  classes,  as  follows: 

Firal-eUuB  BuUding'-^A.  firat^Uss  building  shall  eoii8i«t  of  fireproof  material  throuchout,  with  floors  constnicted 
of  iron,  steel,  or  reinforced  concrete  beams,  filled  in  between  with  terra  cotta  or  other  masonry  arches  or  with  con- 
crete or  reinforced  concrete  slabs;  wood  may  be  used  only  for  under  and  upper  floors,  window  and  door  frames, 
sashes,  doors,  interior  finish,  hand  rails  for  stairs,  necessary  sleepers  bedded  in  the  cement,  and  for  isolated  f urrings 
bedded  in  mortar.     There  shall  be  no  air  space  between  the  top  of  any  floor  arches  and  the  floor  boarding. 

Seeand-eUuM  Building. — All  buildings  not  of  the  first  class,  the  external  and  party  walls  of  which  are  of  brick, 
stone,  iron,  steel,  concrete,  reinforced  concrete,  concrete  blocks,  or  other  equally  substantial  and  fireproof  material. 

Third^-daaa  BuHding. — A  wooden  frame  building. 

Compoaite  Building. — A  building  partly  of  second-class  and  partly  of  third-class  construction.  Composite 
buUdings  may  be  built  under  the  same  restrictions  as,  and  need  comply  only  with  the  requirements  for,  thirdHslasa 
buildings  as  to  fire  protection  and  exterior  finish. 

Another  type  of  building  adapted  to  mills,  factories,  warehouses,  etc.,  is  the  so-called 
^'Slow-Burning  Timber  Mill  Construction,''  developed  by  mill  owners  and  the  New  England 
FactoryMutual  Insurance  Companies.  This  type  is  described  in  detail  in  a  separate  chapter 
in  this  section. 

2.  Floor  Loads. — Floor  loads  vary  with  the  class  of  material  to  be  stored.  In  calculating- 
dead  and  live  loads  for  buildings,  the  following,  quoted  from  the  Boston  Bmlding  Law,  is  good 
practice.  However,  the  figures  given  should  be  checked  by  the  ordinances  of  the  locality  in 
which  the  building  is  to  be  erected. 

Dead  loads  shall  consist  of  the  weight  of  walls,  floors,  roofs,  and  permanent  partitions.  The  weights  of  various 
materials  shall  be  assumed  as  follows: 

Pounds  per 

cubic  foot 

Beech 42 

Birch 42 

Brickwork 120 

Concrete,  cinder,  structural 108 

Concrete,  cinder,  floor  filling 96 

Concrete,  stone 144 

Douglas  fir 36 

Granite 168 

Granolithic  surface 144 

Limestone 150 

Maple 42 

Marble 168 

Oak 48 

Pine,  southern  yellow 42 

Sandstone 144 

Spruce 30 

Terra  cotta,  architectural,  voids  unfilled 72 

Terra  cotta,  architectural,  voids  filled 120 

Pounds  per  square 
foot 

Gravel  or  slag  and  felt  roofing 6 

Plastering  on  metal  lath,  exclusive  of  furring 8 

Live  loads  shall  include  all  loads  except  dead  loads.  Every  permit  shall  state  the  purpose  for  which  the 
building  is  to  be  used,  and  all  floors  and  stairs  shall  be  of  sufficient  strength  to  bear  safely  the  weight  to  be  imposed 
thereon  in  addition  to  the  dead  load,  but  shall  safely  support  a  minimum  uniformly  distributed  live  load  per  square 
foot,  as  specified  in  the  following  table: 
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CUuM  of  Building  Pounds  per 

square  foot 

Armoriae,  assembly  halls  and  gymnasiums 100 

Fire  Houses: 

Apparatus  floors 150 

Rssidenoe  and  stable  floors 50 

Oarages,  private,  not  more  than  two  oars 75 

Garages,  pubKe 150 

Grandstands 100 

Hotels,  lodging  houses,  boarding  houses,  clubs,  convents,  hospitals,  asylums  and  detention  buildings: 

Public    portions 100 

Residenoe  portions 50 

Manufacturing,  heavy 250 

Manufacturing,  light 125 

Office,  buildings: 

First  floor 126 

All  other  floors 76 

Public  building*: 

Public  portions 100 

Office  portions 75 

Residence  buildings,  including  porches 50 

Schools  and  colleges: 

Assembly  halls 100 

Class  rooms  never  to  be  used  as  assembly  halls ^ 50 

Sidewalks 250 

(Or  8000  lb.  concentrated,  whichever  gives  the  larger  moment  or  shear) 
Stables,  public  or  mercantile: 

Street  entrance  floors 150 

Feed  room 150 

Carriage  room 50 

Stall  room 50 

Stairs,  corridors,  and  fire  escapes  from  armories,  assembly  halb,  and  gymnasiums 100 

Stairs,  corridors,  and  fire  escapes  except  from  armories,  assembly  halls,  and  gymnasiums 75 

Storage,  heavy 250 

Storage,  light 126 

Stores,  retail 125 

Stores,  wholesale 250 

Every  plank,  slab,  and  arch,  and  every  floor  beam  carrying  100  sq.  ft.  of  floor  or  less,  shall  be  of  sufficient 
strength  to  bear  safely  the  combined  dead  and  live  load  supported  by  it,  but  the  floor  live  loads  may  be  reduced 
for  other  parts  of  the  structure  as  follows: 

In  all  buildings  except  armories,  garages,  gymnasiums,  storage  buildings,  wholesale  stores,  and  assembly 
halls,  for  all  flat  slabs  iA  over  100  sq.  ft.  area,  reinforced  in  two  or  more  directions  and  for  all  floor  beams,  girders, 
or  trusses  carrying  over  100  sq.  ft.  of  floor,  10%  reduction. 

For  the  same,  but  carrying  over  200  sq.  ft.  of  floor,  16%  reduction. 

For  the  same,  but  earrsring  over  300  sq.  ft.  of  floor.  25  %  reduction. 

These  reductions  shall  not  be  made  if  the  member  carries  more  than  one  floor  and  therefore  has  its  live  load 
reduced  according  to  the  table  below. 

In  public  garages,  for  all  flat  slabs  tA  over  300  sq.  ft.  area  reinforced  in  more  than  one  direction,  and  for  all  floor 
beams,  girders,  and  trusses  carrying  over  300  sq.  ft.  of  floor,  and  for  all  columns,  walls,  piers,  and  foundations, 
25%  reduction. 

In  all  building*  except  storage  buildings,  wholesale  stores,  and  public  garages,  for  all  columns,  girders,  trusses, 
walls,  piers,  and  foundations. 

Carrying  one  flocM" No  reduction. 

Carrying  two  floors 25  %  reduction. 

Carrying  three  floors 40  %  reduction. 

Carrying  four  floors 60  %  reduction. 

Carrying  five  floors 65  %  reduction. 

Carrying  six  floors  or  more 60%  reduction. 

Roofs  shall  be  designed  to  support  safely  minimum  live  loads  as  follows: 

Roofs  with  pitch  of  4  in.  or  less  per  foot,  a  vertical  load  of  40  lb.  per  sq.  ft.  of  horisontal  projection  applied 
either  to  half  or  to  the  whole  of  the  roof. 

Roofs  with  pitch  of  more  than  4  in.  and  not  more  than  8  in.  per  ft.,  a  vertical  load  of  15  lb.  per  sq.  ft.  of  hori- 
sontal projection  and  a  wind  load  of  10  lb.  per  sq.  ft.  <rf  surface  acting  at  right  angles  to  one  slope,  these  two  loads 
being  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  8  in.  and  not  more  than  12  in.  per  ft,  a  vertical  load  of  10  lb.  per  sq.  ft.  of  hori- 
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lontal  projection  and  a  wind  load  of  16  lb.  per  sq.  ft.  of  surface  acting  at  right  angl^  to  one  slope,  these  two  loads 
being  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  12  in.  per  ft.,  a  vertical  load  of  5  lb.  per  sq.  ft.  of  horisontal  projection  and  a  wind 
load  of  20  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads  being  assumed  to  act  either 
together  or  separately. 

All  buildings  and  structures  shall  be  calculated  to  resist  a  pressure  per  square  foot  on  any  vertical  surface  aa 
follows: 

For  40  ft.  in  height 10  lb. 

Portions  from  40  to  80  ft.  above  ground 15  lb. 

Portions  more  than  80  ft.  above  ground 20  lb. 

3.  Weights  of  Merchandise. — The  following  table  taken  by  permission  from  data  of  the 
Boston  Manufacturers  Mutual  Insurance  Company  gives  approximate  weights  and  dimensions 
of  packages.  In  designing  storehouses  it  is  important  to  provide  for  the  greatest  load  which 
can  be  placed  in  the  building. 


Weights  of  Merchandise 


Material 


Measurements 


Floor 

space 

(sq.  ft.) 


Cu.ft. 


Weights 


Gross 


Per 
sq.  ft. 


Per 
cu.  ft. 


goods 


Wool 
In  bales,  Australia        1 

In  bales.  East  India      \ 

In  bales.  New  Zealand  J 

In  bales,  So.  America 

In  bales,  Oregon 
In  bales,  California 
In  bales,  Texas 

In  bags.  Domestic 

In  bags,  scoured  or  noils 

WooUn 

Case,  flannels 

Case,  flannels,  heavy 

Case,  dress  goods 

Case,  cassimeres 

Case,  underwear 

Case,  blankets 

Case,  horse  blanlcets 

CoUon 

Bale,  ginned 

Bale,  compressed 

Bale,  Planters  Compress  Co 

Bale,  American  Cotton  Co 

Bale,  Egyptian 

Bale,  Indian 

CoUon  goodt 

Bale  unbleached  Jeans 

Piece  duck 

Bale  brown  sheetings 

Case  bleached  sheetings 

Case  quilts 

Bale  print  cloth 

Case  prints 

Bale  tickings 

Skeins  cotton  yarn 

Carpet 

Roll  of  carpet 

Rug  (with  pole) 


fleece  pulled  scoured. 


8.6 

12.5 

7.5 

7.0 

7.0 

15.5 

15.5 

5.5 
7.1 
5.5 

10.5 
7.3 

10.3 
4.0 

9.32 

5.25 

1.80 

2.60 

4.7 

4.7 

4.0 
1.1 
3.6 
4.8 
7.2 
4.0 
4.5 
3.3 


4.1 
0.44 


19.4 

47 
33 
33 
33 
18 
18 


12 
15 
22 
28 
21 
35 


.7 
.2 
.0 
.0 
0 
.0 


14.0 

46.6 
25.2 
5.4 
7.8 
20.0 
20.0 

12.5 

2.3 

10.1 

11.4 

19.0 

9.3 

13.4 

8.8 


10.9 

4 


350 

1000 
550 
480 
480 
250 
100 

220 
330 
460 
550 
350 
450 
250 

550 
550 
250 
270 
820 
860 

300 
75 
235 
330 
295 
175 
420 
325 


129 
48 


40 

80 
73 
70 
70 
16 
6.4 

40 
46 
84 
52 
48 
44 
63 

60 
106 
139 
104 
170 
176 

72 
68 
65 
69 
41 
44 
93 
99 


31.5 


18 

22 
17 
15 
15 
14 
5.5 

17 
22 
21 
20 
16 
13 
18 

12 
22 
47 
35 
41 
43 

24 
33 
23 
30 
16 
19 
31 
37 
11 

11.8 
12.0 
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Weights  of  Mbrchandise — (Continued) 


Material 


MeasurementB 


Floor 

space 

(aq.  ft.) 


aok 

Bale,  silk  cocoons 

Bale,  silk  frisons  (average) 

Bale,  dreased  silk 

Bale,  raw  silk  (average) 

Bale,  spun  silk 

Case  broad  silk  cloth 

Case  ribbons 

JtUe,  etc. 

Bale,  jute 

Bale,  jute  lashings 

Bale,  Manila 

Bale,  hemp 

Bale,  Sisal 

Burlaps,  various  packages 

Jute  bagging 

Baga  in  baUa 

White  linen 

White  cotton 

Brown  cotton 

Paper  shavings 

Backing 

Woolen 

Jute  butts 

Spruce  chips,  wet,  tightly  packed 

Spruce  chips,  wet,  loosely  packed 

Spruce  chips,  dry 

Paper 

16  X  21,  30  lb.  ledger 

16  X  21,  24  lb.  calendered  book 

16  X  21,  20  lb.  super-cal.  book 

18H  X  29,  26  lb.  news 

32  X  42,  No.  38  straw  board 

24  X  31,  62  lb.  Manila  wrapping 

Sheets  in  bundles,  with  wood  frames. . . 
Sheets  in  bundles,  without  wood  frames 

Roll  newspaper 

Sulphite  pulp 

Average  pile  of  paper,  in  bundles 

Tobacco 

Bale  Sumatra  wrapper 

Hogshead  of  tobacco 

Orain 

Wheat  in  bags 

Wheat  in  bulk 

Wheat  in  bulk 

Wheat  in  bulk  mean 

Barrels  flour  on  side 

Barrels  flour  on  end 

Com  in  bags 

Commeal  in  barreb 

Oats  in  bags 

Bale  of  hay 

Hay,  dederiok  oompressed 

Straw,  dederiok  compressed 

Tow,  dederick  compressed 

Excelsior,  dederick  compressed 


12.5 
13.2 
12 

7.0 

5 

6.5 

8 

2.4 
2.6 
3.2 
8.0 
7.5 

2.3 


8 
9 
7 
7 
16 


5 
2 
6 
5 
0 


7.6 
2.8 


2.4 
2.4 
2.4 
3.7 
9.3 
5.2 
5.4 
6.3 
4.8 


8 


6.1 
.0-13 

4.2 


4.1 

3.1 

3.6 

3.7 

3 

5 

1 

1 

1 

1 


Cu.  ft. 


31.5 

34.3 

24 
8.5 
7.5 

10.4 

16 

9.9 
10.5 
10.9 
30.0 
27.0 

7.0 

39.5 

40.0 

30.0 

34 

65 

30.0 

11.0 


5.3 
4.4 
4.3 
5.9 
3.9 

10.8 
4.0 
4.2 

28.8 


.3 

.0 

.75 

.75 

.75 

.75 


5 
7 
3 

.5 
3 

20 
5 
5 
5 
6 


6.0 
36.0-80.4 

4.2 


.4 
.1 
.6 
.9 
.6 
.0 
25 
.25 
.25 
.25 


Gross 


260 
325 
400 
221 
235 
180 
175 

400 
450 
280 
650 
400 

100 

910 
715 
440 
500 
450 
600 
400 


210 
250 
300 
270 
130 
530 
120 
140 
1200 


Weights 


150 
1000-2200 

165 


218 
218 
112 
218 
96 
284 
125 
100 
150 
100 


Per 
sq.  ft. 


20.4 

24.6 

33.4 

31.6 

47.0 

27 

21 


7 
0 


170 

172 

88 

81 

63 


43 


107 
78 
59 
68 
38 
80 

143 


130 

105 

125 

73 

14 

102 

22 

22 

250 


24.5 


39 


53 
70 
31 
59 
29 
57 
72 
57 
86 
57 


Per 
ou.  ft. 


8.25 
9.50 
16.6 
26 
31.4 
17.3 
10.9 

40 
43 
26 
20 
15 
43 
14 

23 
18 
15 
15 
7 
20 
36 
18 
14 
10 

60 
57 
70 
46 
33 
49 
30 
33 
41 
17 
40 

24.7 
28 

39 
44 
39 
41 
40 
31 
31 
37 
27 
14 
24 
19 
29 
19 
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Weights  of  Merchandise — (Continued) 


Material 


Meaaurements 


Floor 

space, 

(sq.  ft.) 


Cu.  ft. 


Weights 


Qroes 


Per 
sq.  ft. 


Per 
cu.  ft. 


Dye  atuffSf  etc. 

Hogsheads  btoaching  powder 

Hogsheads  soda  ash  powder 

Box  indigo 

Box  cutoh 

Box  Bomac 

Caustic  soda  in  iron  drum 

Barrel  pearl  alum 

Box  extract  logwood 

Barrel  lard  oil 

MiaceUaneoue 

Rope 

Box  tin 

Box  glass 

Crate  crockery 

Cask  crockery 

Bale  leather 

Bale  goatskins 

Bale  raw  hides 

Bale  raw  hides  compressed 

Bale  sole  leather 

Pile  sole  leather 

Barrel  granulated  sugar 

Barrel  brown  sugar 

Cheese 

Pitch 


11.8 

39.2 

1200 

102 

10.8 

29.2 

1800 

167 

3.0 

9.0 

385 

128 

4.0 

3.3 

150 

38 

1.6 

4.1 

160 

100 

4.3 

6.8 

600 

140 

3.0 

10.5 

350 

117 

1.06 

0.8 

55 

52 

4.3 

12.3 

422 

98 

2.7 

0.5 

139 

99 

9.9 

39.6 

1600 

162 

13.4 

42.5 

600 

52 

7.3 

12.2 

190 

26 

11.2 

16.7 

300 

27 

6.0 

30.0 

400 

67 

6.0 

30.0 

700 

117 

12.6 

8.9 

200 

22 

3.0 

7.5 

317 

106 

3.0 

7.5 

340 

113 

31 
62 
43 
46 
39 
88 
33 
70 
34 

42 
278 
60 
40 
14 
16 
18 
13 
23 
16 
17 
42 
45 
30 
72 


4.  Fire  Prevention  and  Fire  Protection. — In  the  design  of  important  structures,  especially 
industrial  and  commercial,  the  architect  or  engineer  should  consult  the  local  insurance  boards, 
as  they  maintain  laboratories  and  a  large  engineeiing  force  which  is  at  the  disposal  of  interested 
parties  without  charge.  In  many  cases,  insurance  costs  may  be  materially  reduced  by  their 
assistance. 

Mills,  factories,  warehouses,  stores,  or  any  structures  having  extensive  areas  containing 
quantities  of  inflammable  materials,  should  first  of  all  be  protected  with  a  complete  automatic 
sprinkler  system.  All  large  buildings  should  have  standpipes  with  hose  reeb  or  racks  conven- 
iently located  in  stairways,  etc.,  where  they  are  easily  accessible,  in  case  of  fire  and  so  placed 
that  the  hose  stream  or  streams  will  reach  every  part  of  the  floor  or  section  to  be  protected. 
Chemical  fire  extinguishers  or  pails  of  water,  or  both,  should  also  be  placed  where  easily 
accessible. 

A  sprinkler  system  should  have  its  own  water  supply,  usually  a  tank  of  proper  capacity 
either  on  the  roof  or  on  an  independent  tower.  In  locating  a  tank  on  the  roof,  care  must  be 
taken  that  it  is  amply  supported,  preferably  on  the  walls  of  the  building.  Where  a  city  fire 
department  is  available,  an  outside  connection  for  fire  engines  is  also  installed.  In  one  fire 
protection  system  designed  for  a  large  steamship  pier,  there  was  a  connection  at  the  land  end 
for  fire  engines,  and  another  at  the  water  end  for  fire-boats. 

Fire  pumps  should  be  of  the  Underwriters  pattern  of  approved  make.  Approved  rotary 
and  centrifugal  pumps  may  be  used  instead  of  steam  pumps,  but  should  be  driven  by  indepen- 
dent motors.  The  pump  room  and  boiler  room  should  be  cut  off  from  the  rest  of  the  plant  by 
fire  waUs  and  fire  doors,  and  so  loaoted  that  in  case  of  fire,  men  may  stand  by  the  boilers  and 
pumps  to  the  end. 
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Industrial  plants  covering  extensive  ground  area  should  have  a  system  of  water  piping  and 
hydrants  with  fire  hose  in  suitable  hose  houses. 

The  following  is  quoted  from  a  report  of  the  Associated  Factory  Mutual  Insurance  Ck>m- 
paniesy  detailing  the  necessary  equipment  for  proper  fire  protection.  Requirements  of  other 
insurance  boards  do  not  difiPer  materially  from  these. 

The  extent  and  oapaeity  of  the  fire  apiMratus  depends  largely  upon  oonstruetion,  height,  area,  oeonpanoy,  and 
arrangement  of  a  plant,  and  also  upon  Its  surroundings.  The  more  important  requirements  for  an  ideal  plant  are 
as  follows: 

WoUt  Supply;  (a)  Public  water  supplied  by  gravity  at  good  pressure  and  ample  quantity  is  best.  A  pressure 
of  about  60  lb.  maintained  in  the  mill  yard  while  1000  to  1500  gal.  or  more  are  flowing  is  ordinarily  considered  excels 
lent.     Such  a  public  water  supply  is  always  preferred  to  an  elevated  tank. 

(b)  Pump  supply  from  one  or  two  Underwriter  pumps  according  to  the  sise  of  the  plant.  Pumps  to  draw  from 
supply  OHwble  of  furnishing  water  during  a  fire  of  long  duration  and  independent  of  the  public  water  works.  - 

(c)  Steam  boilers  should  have  two  absolutely  independent  sources  of  water  supply.  A  direct  connection  from 
fix  e  pump  to  the  boilers  is  often  desirable  and  may  be  considered  as  one  of  these.  The  steam  supply  to  pump  should 
be  taken  off  behind  a  valve  or  valves  controlling  supply  to  engines  or  other  factory  service,  and  all  controlling  valves 
should  be  in  the  boiler  house.  The  pipe  should  be  so  located  that  it  oan  not  be  broken  by  falling  walls  or  other 
aceident  at  a  fire. 

HydranU:  Plaeed  at  sufficiently  frequent  intervals  so  that  the  full  capacity  of  the  water  supply  available  may 
be  oonoentrated  at  any  point  of  the  plant  without  the  use  of  long  lines  of  hose. 

Generally  hydrants  at  intervals  of  about  200  ft.  are  required,  two-way  hydrants  to  have  at  least  5-in.  gate 
opening  and  barrel,  and  hydrants  with  more  than  two  outlets  to  have  a  6-in.  gate  oxwning  and  barrel,  and  indepen- 
dent gates  for  eaeh  outlet. 

Roof  hsrdrants  are  of  value  in  fighting  outside  fires  either  in  adjoining  propertieiB  or  where  buildings  adjoin  one 
another  in  a  crowded  mill  yard. 

Hose  standpipes  properly  located  are  of  great  value  in  buildings  of  over  two  or  three  stories  especially  when  fire 
is  beyond  control  of  sprinklers. 

SprinkUra:  (a)  Automatic  sprinklers  throughout  all  rooms  ineluding  storehouses,  elevators,  and  stairs,  all 
closets,  enclosures,  etc.,  also  to  be  covered.  There  should  be  no  part  of  the  fioor  area,  ceilings*  or  roofs  without 
ample  lyroteotion,  and  heads  must  be  so  spaced  as  to  satisfactorily  cover  all  places.  It  is  required  that  detail  sprink- 
ler plans  showing  protection  proposed  be  submitted  to  the  Insurance  Companies  before  the  installation  begins. 
Dry  pipe  valves  should  be  used  only  when  it  is  impracticable  to  heat  the  building,  as  their  installation  consider- 
ably inereasee  the  time  before  discharge  of  water  on  the  fire,  and  therefore  correspondingly  weakens  the  protection. 

(b)  Each  sprinkler  connection  into  buildings  to  be  provided  with  outside  post  indicator  gate,  safely  located, 
and  suffioient  oonneetions  are  required  for  large  areas  so  that  there  may  not  be  over  200  sprinklers  in  one  room  on  a 
single  6-in.  supply.  Pipe  connections  into  buildings  should  not  be  less  than  6  in.,  even  when  suppljdng  risers  of 
smaller  sise,  except  in  especial  cases  where  only  30  or  40  heads  are  supplied  per  floor  in  low  buildings. 

Yard  Pipet:  Of  ample  sise  to  carry  the  water  available  to  sprinklers  and  hydrants  without  serious  loss  of  pres- 
sure. For  the  mill  shown,  and  S-in.  loop  pipe  is  sufficient.  Should  the  loop  not  be  practicable,  the  pipe  in  a  part 
of  the  yard  system  may  need  to  be  10  in.  For  large  mills  with  extended  yard  area,  10-in.  pixw  or  even  larger  may 
be  necessary.  Class  S  pipe  N.E.W.W.  Association  is  required.  Pipes  to  be  in  such  location  that  hydrants  and  post 
indicator  valves  may  be  at  a  good  distance  from  the  walls  of  very  high  buildings  or  those  of  large  area.  Pump 
check  valves  should  be  safely  located  below  floor  leveL     The  brick  well  is  merely  to  make  it  more  readily  accessible. 

(^cuit  controlling  valves  are  advisable  at  intervals  in  extensive  yards  so  as  not  to  necessitate  shutting  off  the 
entire  yard  system  at  one  time  in  case  of  repairs  or  alterations. 

Ho»e:  (a)  Outside  equipment  to  consist  of  2H-in.  Underwriter  cotton  rubber4ined  hose  of  one  of  the  approved 
brands  which,  together  with  spanners,  IH  va.  Underwriter  nossles,  axes,  bars,  lantern,  etc.,  must  be  kept  in  the 
hose  houses. 

(6)  Inside  equipment  to  be  provided  in  all  rooms,  fed  preferably  from  a  system  of  small  standpipes  independent 
of  sprinkler  system,  that  it  may  be  available  if  the  sprinklers  are  shut  off  on  account  of  accident  or  after  they  are 
shut  off  at  fire  to  save  water  damage.  In  some  cases,  it  may  be  attached  to  14n.  nipples  from  sprinkler  pipes  not 
less  than  2H  in*  in  diameter,  but  is  then  not  available  at  a  time  when  it  may  be  most  needed.  Hose  and  coupl- 
ings to  be  for  IV^-in.  Underwriter  linen  hose  and  nossles  H-in*  smooth  bore. 

(e)  For  tower  standpipes  2M-in.  best  Underwriter  linen  hose  of  approved  brands  to  be  provided. 

PROTECTION  OF  STRUCTURAL  STEEL  FROM  FIRE 

Bt  Fbank  C.  Thiessbn 

5.  Effects  of  Heat  on  Steel. — Structural  steel,  used  for  the  framework  of  modem  buildings, 
loses  its  rigidity  at  a  relatively  low  temperature.  At  600  deg.  F.  the  material  begins  to  lose 
its  strength ;  as  the  temperature  is  increased  above  this  point,  tests  show  that  the  strength  de- 
creases rapidly  and  at  or  about  1000  deg.  F.  the  steel  has  little  or  no  value  in  supporting  loads. 
At  approximately  1500  deg.  F.  the  material  softens  and  fails  of  its  own  weight. 

22 
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6.  Intensity  of  Heat  in  a  Fire. — Fused  and  distorted  metals,  indicating  temperatures  of 
1700  deg.  F.,  and  in  many  cases  in  excess  of  2000  deg.  F.,  are  found  in  buildings  after  fires.  In 
the  Edison  fire  on  Dec.  9,  1914,  at  West  Orange,  N.  J.,  evidences  of  temperatures  ranging  from 
2000  to  2500  deg.  F.  were  foimd.  In  the  sub-basement  and  on  the  third  floor  of  the  Wax 
House  where  inflammable  materials  were  stored,  the  heat  was  sufficient  to  fuse  portions  of  the 
trap  concrete.  Even  a  moderate  fire  or  a  small  hot  fire  confined  to  a  portion  of  a  building  may 
cause  failure  of  improperly  protected  columns  or  floor  beams  with  resulting  partial  or  total  loss. 

7.  Protection  of  Steel  From  Failure. — Protection  of  steel  from  failure  consists  in  encasing 
it  in  a  non-heat  conducting  material  so  that  the  temperature  of  the  structural  steel  framework 
does  not  reach  a  point  endangering  its  ^trength. 

The  ideal  material  for  protective  coverings  should  conduct  heat  very  slowly  and  should 
be  of  a  quality  and  thickness  such  that  in  the  course  of  burning  of  the  contents  of  the  building 
no  serious  damage  will  result,  either  to  the  members  encased  or  to  the  material  itself.  The 
protective  covering  must  be  adapted  to  resist  not  only  the  destructive  action  of  the  fire  but  also 
the  action  of  the  fire  streams  used  in  extinguishing  the  fire.  No  material  can  resist  the  contin- 
ued alternate  action  of  heat  and  the  sudden  cooling  by  water.  Brick,  concrete,  terra  cotta  tile, 
plaster,  and  gypsUm  products,  when  properly  made  and  properly  used,  have  withstood  labora- 
tory tests  and  ordinary  fires  to  a  satisfactory  degree. 

8.  Fire-resistance  of  Materials. 

8a.  Brick. — ^The  fire-resisting  quahties  of  brick  have  been  demonstrated  in 
many  fires.  When  used  in  large  units,  particularly  in  thin  walls,  damage  may  result  in  severe 
fires  from  expansion.  Thick  walls  suffer  less  damage  from  expansion  although  the  bricks  may 
crack,  spall,  or  fuse  under  the  action  of  fire  or  water.  In  small  units,  as  for  example  in  floor 
arches  or  protection  for  columns,  properly  made  brickwork  is  an  excellent  fire-resistant  material. 
To  be  first  class  in  this  respect  the  chemical  properties  of  the  clay  should  be  such  that  a  tempera- 
ture of  at  least  2200  deg.  F.  is  required  to  vitrify  it.  The  burning  of  the  brick  should  proceed 
to  a  point  just  short  of  vitrifaction. 

86.  Concrete. — ^The  wonderful  develc^ment  of  concrete  construction  and  the 
behavior  of  plain  and  reinforced  concrete  in  fires  and  conflagrations  offers  sufficient  evidence  of 
its  value  as  a  constructive  and  fire-resistive  material.  The  low  heat  conductivity  of  concrete 
is  due  partly  to  its  porosity  and  partly  to  the  process  of  dehydration  which  begins  at  a  tempera- 
ture of  500  to  000  deg.  F.  The  process  is  slow  because  the  surface  material,  having  become  a 
poorer  conductor  of  heat,  remains  in  place  and  retards  the  progressive  action  of  the  dehydration 
of  material  in  the  interior.  At  comers  or  edges  exposed  to  intense  heat,  the  calcined  material 
may  spall  to  a  maximiun  depth  of  ^  to  1  in.,  but  in  ordinary  fires  this  action  is  rarely  of  impor- 
tance. The  character  of  the  aggregate  is  an  important  factor.  Stone  or  gravel  containing 
quartz  grains  tends  to  disintegrate  and  should  not  be  used. 

Cinders  are  light  in  weight,  porous,  and  when  mixed  wet  and  very  well  mixed  by  machine, 
forms  a  concrete  having  excellent  fire-resisting  qualities.  The  cinders  should  be  hard,  free 
from  fine,  powdery  ash  or  other  soft  material,  and  for  maximum  strength  and  quality  should 
preferably  be  a  porous,  vitreous  clinker.  Anthracite  coal  cinders  are  obtainable  in  some  cities. 
In  general,  carefully  selected  bituminous  coal  cinders  from  buildings  or  plants  in  which  no  waste 
or  refuse  is  burned  will  be  satisfactory  if  the  particles  are  well  coated  with  cement  in  mixing. 
The  presence  of  unbumed  coal  may  cause  slight  pitting  of  a  surface  in  a  fire  but  the  porosity 
of  the  aggregate  and  the  dehydration  of  the  cement  in  well  mixed  concrete  will  ordinarily  pro- 
tect the  covering  from  serious  damage.    Blast  furnace  slag  is  a  very  good  aggregate. 

8c.  Terra  Cotta  Tile. — The  tile  for  fire  protective  coverings  and  structural  pur- 
poses is  made  in  three  grades,  "porous,"  "semi-porous,"  and  "dense."  The  porosity  is 
obtained  by  mixing  sawdust  with  clay,  the  sawdust  being  removed  in  the  process  of  burning. 
Semi-porous  tiling  is  also  made  of  fire  clay  to  which  a  percentage  of  coarsely  ground  bitumi- 
nous coal  is  added  before  burning.  Of  the  three  grades,  porous  hollow  tile  is  the  best  non- 
conductor of  heat  and  the  lowest  in  compressive  strength.  The  chief  weakness  of  hollow  tile 
with  thin  walls  and  webs  lies  in  the  liability  of  the  breaking  away  of  the  exposed  face  due 
to  sudden  and  unequal  expansion.  Its  many  advantages,  however,  have  led  to  its  wide  use  in 
building  construction. 
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8d.  Plaster. — Ordinary  lime  plaster  is  a  good  non-conductor  of  heat  but  in 
severe  fires  does  not  remain  in  place.  A  single  layer  may  be  considered  as  a  fire-retardant  or 
coating  for  other  fire  -resisting  materials.  Very  little  reliance  should  be  placed  upon  a  single 
layer;  a  double  covering,  of  plaster  on  metal  lath,  separated  by  air  spaces,  is  much  more  effec- 
tive as  a  covering  for  steel. 

Be,  Gypsum. — ^The  calcination  of  gypsum  (CaS04.2H20)  forms  Plaster  of 
Paris  (CaS04.HH20).  This  material  is  used  in  various  forms  of  protective  coverings.  Its 
coefficient  of  expansion  is  low  and  as  a  non-conductor  of  heat  is  one  of  the  best  materials.  Plain 
blocks  have  a  tendency  to  become  calcined  in  intense  heat  and  the  softened  surface  does  not 
withstand  the  action  of  hose  streams.  The  prepared  or  hard  wall  plasters,  being  similar  in 
composition  to  gypsum  blocks,  form  a  better  bond  for  the  joints  than  cement  mortar  and  are 
more  satisfactory. 

9.  Selection  of  Protective  Covering. — The  fire  risk  will  vary,  depending  upon  the  contents, 
the  use  of  the  building,  and  the  external  hazards.  A  machine  shop,  foundry,  or  structural  shop, 
containing  no  combustible  material  and  having  no  external  hazard,  may  require  no  protection 
of  its  framework  from  fire.  The  lower  floors  of  office  or  store  buildings  are  more  often  subject 
to  fire  because  of  the  location  of  the  heating  system  or  accmnulation  of  waste  or  inflammable 
material  in  basements.  Partial  protection  is  of  some  value.  Plaster  on  metal  lath  will  protect 
structural  steel  for  a  while  in  a  fire  but  the  destruction  of  the  covering  and  the  exposure  of  the 
steel  to  the  fire  becomes  merely  a  question  of  the  intensity  and  duration  of  the  exposure.  Many 
considerations  besides  the  character  of  the  materials  affect  the  selection  of  the  fireproofing.  Too 
often  the  first  cost  governs  the  selection  and  the  result  is  a  low-grade  covering.  As  a  rule,  if  it 
is  decided  that  reinforced  concrete  is  the  cheapest  and  best  for  the  floor  construction,  the  same 
material  will  be  used  for  the  protection  of  the  columns — ^likewise  for  hollow  tile.  CJombinations, 
however,  are  frequently  used.  Portland  cement  concrete  and  hollow  tile  besides  having  ex- 
cellent fire  resisting.qualities  serve  for  the  structural  parts  and  are  the  materials  most  commonly 

used. 

10.  Thickness  of  Protective  Covering. — The  thickness  of  the  covering  required  varies  with 
the  exposure  and  the  importance  of  the  member.  Floors  on  which  quantities  of  combustible 
materials  are  stored  should  have  protection  in  proportion  to  the  severity  and  duration  of  the 
Bre,  Coliunns  are  the  most  vital  members  of  a  building  and  should  receive  the  most  protection. 
Steel  near  exterior  window  or  door  openings  is  subject  to  severe  exposure  and  should  be  covered 
with  a  thickness  greater  than  for  the  floor  joists.  The  sections  of  the  Chicago  Building  Ordi- 
nance^ relating  to  columns  and  floors  are  as  follows: 

Firejirocf  Afatericrf.— The  material  which  shall  be  eonsidered  as  filling  the  conditiona  of  fireproof  covering  are: 
(1)  burnt  brick;  (2)  tilee  of  burnt  clay;  (3)  approved  cement  concrete;  (4)  terra  cotta. 

In  all  cases,  the  brick  or  hollow  tile,  solid  tile  or  terra  cotta  shall  be  bedded  in  cement  mortar  close  up  to  the 
iron  or  steel  member  and  all  joints  shall  be  made  full  and  solid. 

Bxlerior  Columns. — (a)  All  iron  or  steel  used  as  vertical  supporting  members  of  the  external  construction  of 
any  building  exceeding  50  ft.  in  height  shall  be  protected  against  the  effects  of  external  change  of  temperature,  and 
of  fire  by  a  covering  of  fireproof  material  consisting  of  at  least  4  in.  of  brick,  hollow  terra  cotta,  concrete,  burnt 
clay  tiles,  or  of  a  combination  of  any  two  of  these  materials,  provided  that  their  combined  thickness  is  not  less  than 
4  in.  The  distance  of  the  extreme  projection  of  the  metal,  where  such  metal  projects  beyond  the  face  of  the  column, 
shall  be  not  less  than  2  in.  from  the  face  of  the  fireproofing;  provided,  that  the  inner  side  of  external  columns  shall 
be  fireproofed  as  hereafter  required  for  interior  columns. 

(b)  Where  stone  or  other  incombustible  material  not  of  the  type  defined  in  this  ordinance  as  fireproof  material 
is  used  for  the  external  facing  of  a  building,  the  distance  between  the  back  of  ihe  facing  and  the  extreme  projection 
of  the  metal  of  the  oolumn  proper  shall  be  at  least  2  in.,  and  the  intervening  space  shall  be  filled  with  one  of  the 
fireproof  materials. 

(c)  In  all  oases,  the  brick,  burnt  clay,  tile,  or  terra  cotta,  if  used  as  a  fireproof  covering,  shall  bo  bedded  in 
oement  mortar  dose  up  to  the  iron  or  steel  piembcra,  and  all  jointb  shall  be  made  full  and  solid. 

Interior  Calumna.'-^ia)  Covering  of  interior  columns  shall  consist  of  one  or  more  of  the  fireproof  materials 
herein  described. 

(6)  If  such  covering  is  of  brick  it  shall  be  not  less  than  4  in.  thick;  if  of  concrete,  not  less  than  3  in.  thick;  if  of 
burnt  clay  tile,  such  covering  shall  be  in  two  consecutive  layers,  each  not  less  than  2  in.  thick,  each  having  one  air 
fipaoe  of  not  less  than  H  in.,  and  in  no  such  burnt  clay  tile  shall  the  burnt  clay  be  less  than  H  in*  thick;  or  if  of 
porous  clay  solid  tiles,  it  shall  consist  of  at  least  two  consecutive  layers,  each  not  less  than  2  in.  thick;  or  if  oon- 

>  Revised  Building  Ordinances  of  the  City  of  Chicago,  as  amended  Feb.  20,  1011. 
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stituted  of  a  combination  of  any  two  of  these  materialfl,  one-half  of  the  total  thicknees  required  for  each  of  the 
materialB  shall  be  ai>plied,  provided  that  if  concrete  is  used  for  such  layer  it  shall  not  be  less  than  2  in.  thick. 

(c)  In  the  case  of  columns  having  an  "H"  shaped  cross  section  or  of  columns  having  any  other  croaa  sectioti 
with  channels  or  chases  open  from,base  plates  to  cap  plates  on  one  or  more  sides  of  the  columns,  then  the  thiokneas 
of  the  fireproof  covering  may  be  reduced  to  2H  in.,  measuring  in  the  direction  in  which  the  flange  or  flanges 
project,  and  provided  that  the  thin  edge  in  the  projecting  flange  or  arms  of  the  cross  sections  does  not  exoeod 
^  in.  in  thickness.  The  thickness  of  the  fireproof  covering  on  all  surfaces  measuring  more  than  f^  in.  wide  and 
measuring  in  a  direction  perpendicular  to  such  surfaces  shall  not  be  less  than  that  specified  for  interior  columns  in 
the  beginning  of  this  section,  and  all  spaces,  including  channels  or  chases  between  the  fireproof  covering  and  the 
metal  of  the  columns,  shall  be  filled  solid  with  fireproof  material.  Lattice  or  other  open  columns  shall  be  com- 
pletely filled  with  approved  cement  concrete. 

Wiring  Clay  TUinff  on  Columna. — (a)  Burnt  clay  tile  column  covering  shall  be  secured  by  winding  wire  around 
the  columns  after  the  tile  has  been  set  around  such  columns.  The  wire  shall  be  securely  wound  around  tile  in  such 
manner  that  every  tile  is  crossed  at  least  once  by  a  wire.  If  iron  or  steel  wire  is  used  it  shall  be  galvanised  and  no 
wire  used  shall  be  less  than  number  twelve  gage. 

(b)  In  places  where  there  is  trucking  or  wheeling,  or  handling  of  packages  of  any  kind,  the  lower  6  ft.  of  every 
column  encased  with  hollow  tile  shall  be  encased  in  a  protective  covering  of  No.  16  U.  S.  gage  steel  embedded  in 
concrete. 

Pipes  Bndoaed  by  Covering. — (a)  Pipes  shall  not  be  enclosed  in  the  fireproofing  of  columns  or  of  other  structural 
members  of  any  fireproof  building;  provided,  however,  gas  or  electric  light  conduits  not  exceeding  ^-in.  diameter 
may  be  inserted  in  the  outer  ^  in.  of  the  fireproofing  of  such  structural  member,  where  such  fireproofing  is  entirely 
composed  of  concrete. 

(b)  Pipes  of  conduits  may  rest  on  the  tops  of  the  steel  fioor  beams  or  girders,  provided,  they  are  embedded  in 
cinder  concrete  to  which  slaked  lime  equal  to  5  %  of  the  volume  of  the  concrete  has  been  added  before  mixing 
or  their  being  embedded  in  stone  concrete. 

Coveringa  of  Beamtt  Oirdere^  and  Trueaea.^^a)  The  metal  beams,  girders,  and  trusses  of  the  interior  structural 
parts  of  a  building  shall  be  covered  by  one  of  the  fireproof  materials  hereinbefore  specified  so  applied  as  to  be  sup- 
ported entirely  by  the  beam  or  girder  protected,  and  shall  be  held  in  place  by  the  support  of  the  flanges  of  such 
beams  or  girders  and  by  the  cement  mortar  used  in  setting. 

(b)  If  the  covering  is  of  brick,  it  shall  be  not  less  than  4  in.  thick;  if  of  hollow  tiles  or  if  of  solid  porous  tUea« 
or  if  of  terra  cotta,  such  tiles  shall  be  not  less  than  2  in.  thick  applied  to  the  metal  in  a  bed  of  cement  mortar; 
hollow  tiles  shall  be  constructed  in  such  manner  that  there  shall  be  one  air  space  of  at  least  ^  in.  by  the  width  of 
the  metal  surface  to  be  covered  within  such  clay  coverings;  the  minimum  thickness  of  Concrete  on  the  bottom 
and  sides  of  the  metal  shall  be  2  in. 

(e)  The  tops  of  all  beams,  girders,  and  trusses,  shall  be  protected  with  not  less  than  2  in.  of  concrete  or  1  in. 
of  burnt  clay  bedded  solid  on  the  metal  in  cement  mortar. 

(d)  In  all  cases  of  beams,  girders,  or  trusses,  in  roofs  and  floors,  the  protection  of  the  bottom  flanges  of  the 
beams  and  girders  and  so  much  of  the  web  of  the  same  as  is  not  covered  by  the  arches  shall  be  made  as  herein- 
before specified  for  the  covering  of  beams  and  girders.  In  every  case  the  thickness  of  the  covering  shall  be  mea- 
sured from  the  extreme  projection  of  the  metal,  and  the  entire  space  or  spaces  between  the  covering  and  the  metal 
shall  be  filled  solid  with  one  of  the  fireproof  materials,  excepting  the  air  spaces  in  hollow  tile. 

(e)  Provided,  however,  that  all  girders  or  trusses  when  supporting  loads  from  more  than  one  story  shall  be 
fireproof ed  with  two  thicknesses  of  fireproof  materials  or  a  combination  of  two  fireproof  materials  as  required  for 
exterior  columns,  and  such  covering  of  fireproof  material  shall  be  bedded  solid  in  cement  mortar. 

FIRE-RESISTIVE  COLUMN  CONSTRUCTION 

Bt  Frank  G.  Tuiessbn 

IL  Rdnforced  Concrete  Columns. — Reinforced  concrete  columns  are  treated  in  Sect.  2. 
The  Joint  Committee  on  Concrete  and  Reinforced  Concrete  recommends  that  concrete  rein- 
forcement be  protected  by  a  minimum  of  2  in.  of  concrete. 

12.  Covering  for  Cylindrical  Columns. — Cross-sectional  forms  of  tile  for  encasing  cylin- 
drical columns  are  shown  in  Figs.  1  to  3  inclusive.  These  blocks  are  made  in  segments  of  a 
circle  and  of  varying  sizes,  allowing  a  space  between  the  block  and  the  surface  of  the  column. 
The  tile  should  be  arranged  to  break  joints.  The  designs  shown  in  Figs.  3  and  4  have  ribs  on 
the  inner  face  to  aid  in  the  setting  of  the  tile  and  to  maintain  a  space  of  uniform  width  around 
the  column.  If  the  columns  are  of  cast  iron,  the  space  may  be  left  unfilled  to  act  as  a  ''dead 
air  space."  To  be  effective  in  this  respect,  however,  the  space  should  be  sealed  tight.  For  steel 
columns,  the  space  should  be  filled  solid  as  a  protection  against  corrosion.  To  make  the  anchor- 
age of  the  tile  covering  to  the  column  more  secure  against  the  action  of  fire  streams  or  falling 
debris  during  a  fire,  galvanized  iron  wire  should  be  tightly  wound  around  the  column  so  as  to 
cross  each  tile  at  least  once.     fig.  5  shows  an  effective  method  of  protection  if  plaster  is  to  be 
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used.  It  coofliflts  of  a  double  covering  of  cement  plaster  on  metal  lath  separated  by  and  at- 
tached to  metal  furring  strips,  forming  two  ail  spaces.  A  single  layer  is  not  considered  fire- 
proof. The  double  layer  with  the  ail  spaces  not  only  makes  the  ooDstruction  more  fire-re- 
sistaat  but  also  forms  abetter  arrangement  to  resist  the  action  of  fire  streams.  It  will  be  noted 
that  this  column  is  not  thoroughly  protected  from  corrosion. 


Fia,  2.  Fio.  3. 


Fio.  S.  Pw.  7.  Fio.  8, 


^1- 

Fio.  14.  Fia.  16. — "Monuoh"  tils  block. 

U.  CoTerings  for  Tariou*  Steel  Columoa. — Three  sections  of  hollow  tile  used  for  column 
covering  are  shown  in  Ilga.  fl,  7,  and  8  Two  of  these  shapes  have  a  rounded  corner.  The 
application  of  tile  to  various  common  shapes  of  columns  is  shown  in  Figs.  9,  10,  11,  12, 
and  13.  If  pipes  or  wiring  are  to  be  protected  or  concealed  in  a  space  alongside  a  column,  the 
column,  nevertheless,  should  be  encased  on  all  sides  as  shown  in  Fig.  14.     Failure  to  provide 


342 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  a-14 


the  inner  layer  adjacent  to  the  steel  column  has  been  demonstrated  to  be  bad  practice.  With 
the  arrangement  shown,  temporary  removal  of  the  casing  around  the  pipe  space  for  the  purpose 
of  inspection  for  repairs  will  not  leave  the  column  exposed.  The  protection  of  the  pipe  is  ordi- 
narily not  as  important  as  that  of  the  main  strength  members  and  accordingly  the  thickness 
of  covering  required  may  be  somewhat  less  provided  the  pipes  are  set  3  or  4  in.  inside  the  casing. 
14.  Hollow  Tile  Columns. — Fig.  15  shows  a  form  of  hollow  tile  having  webs  and  walls 
about  twice  as  thick  as  ordinary  hollow  tile.  These  blocks  are  made  in  one  size,  S%  X  4  X  8 
in.,  or  about  the  size  of  4  ordinary  building  bricks.  Columns  of  these  blocks  may  be  built  up 
in  square  or  rectangular  cross  section,  varying  from  8H  to  31  in.  square.  The  height  of  the 
column  should  not  exceed  12  times  the  least  dimension. 

Table  For  "Monarch"  Tile  Block  Columns 


*  Sise  of  column 

Safe  load 

No.  of  tile  in 

No.  of  tile 

Weight  of  column 

(inches) 

(pounds) 

oroes  section 

per  lin.  ft. 

per  lin.  ft. 

31      X  31 

612.500 

24« 

3QH 

612 

31      X  26H 

625.000 

21 

31H 

525 

26>i  X  26H 

450,000 

18 

27 

450 

26>i  X  22 

375,000 

15 

22>^ 

376 

22      X  22 

312.500 

12H 

ISH 

312>i 

22      X  17H 

250.000 

10 

15 

250 

17H  X  17M 

200,000 

8 

12 

200 

17H  X  13 

150.000 

6 

9 

150 

13      X  13 

112,500 

4H 

W 

112W 

13      X    8H 

75.000 

3 

^Vi 

75 

8M  X    8H 

50,000 

2 

3 

50 

FIRE-RESISTIVE  FLOOR  CONSTRUCTION 
By  Frank  C.  Thiessbn 

16.  Requirements  of  a  Fire-resistiye  Floor. — A  fire-resistive  floor  should  withstand  a  fire 
destroying  the  combustible  contents  of  a  building  with  no  damage  to  the  structural  parts  and 
with  no  more  than  slight  damage  to  the  material  used  for  the  protective  covering.  It  goes 
almost  without  saying  that  the  floor  should  support  its  full  safe  load  at  all  times  without  exces- 
sive deflection.  The  floor  should  be  water-tight  to  prevent  damage  by  water  to  the  contents 
of  floors  below.  As  ordinarily  constructed,  floors  of  hollow  tile  or  brick  are  very  permeable; 
water  will  make  its  way  through  cinder  fill;  cracks  in  concrete  or  tiled  floors  may  allow  water 
to  reach  the  floor  below.  Ordinary  plaster  is  usually  removed  either  by  the  fire  or  by  hose 
streams.  Most  forms  of  plaster  or  gypsum  blocks,  although  serving  to  protect  the  steel  frame- 
work from  heat,  may  require  reconstruction  after  the  combined  action  of  fire  and  water.  Some 
repairs  are  to  be  expected  even  with  the  best  of  materials  for  no  material  can  resist  the  prolonged 
action  of  intense  heat  and  water  applied  when  the  parts  are  hot. 

16.  Fire  Tests. — The  proper  manner  of  using  the  various  fire-resisting  materials  in  the 
construction  of  fire-resistive  floors  has  been  developed  by  observation  and  study  of  many  build- 
ings after  fires  or  conflagrations  and  by  fire  tests  of  small  units.  By  far  the  greatest  number 
of  tests  of  types  of  floor  panels  has  been  made  under  the  auspices  of  the  New  York  City  authori- 
ties according  to  specifications  of  the  New  York  Building  Ordinance.  A  brief  description  of  the 
essential  features  of  tests  and  the  requirements  for  acceptance  will  indicate  what  is  expected  of  a 
fire-resisting  floor.  A  platform  or  floor  is  constructed  within  enclosure  walls  with  the  same 
quality  of  materials  and  workmanship  employed  in  actual  practice.  Thb  floor,  designed  for 
and  carrjdng  a  distributed  load  of  150  lb.  per  sq.  ft.,  is  subjected  to  a  continuous  wood  fire  below 
the  floor  maintained  at  an  average  temperature  of  1700  deg.  F.  for  4  hr.  At  the  end  of  thai 
time  the  underside  of  the  hot  floor  is  subjected  to  a  IJ-^-in.  stream  of  water  at  60-lb.  nozzh; 
pressure  for  5  min. ;  after  which  the  upper  side  of  the  floor  is  flooded  with  water  at  low  pressure, 
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and  then  the  stream  of  wat«r  under  pressure  is  again  applied  to  the  underside  of  the  floor  Tor 
5  min.  After  cooling,  the  distributed  load  is  increased  to  600  lb.  per  sq.  ft.  and  the  deflections 
noted.  The  Standard  Test'  for  fireproof  floor  construction  of  the  American  Society  for 
Testing  Materials,  which  is  essentially  the  same  as  the  test  of  the  New  York  City  Bureau  of 
Buildings  and  the  British  FW  Prevention  Committee,  prescribes  that  "the  tests  shall  not  be 
regarded  as  successful  unless  the  following  conditions  are  met:  No  fire  or  smoke  shall  pass 
through  the  floor  during  the  test;  the  floor  shall  safely  sustain  the  loads  prescribed;  the  per- 
manent deflection  shall  not  exceed  ^4  in.  for  each  foot  of  span  in  either  slab  or  beam." 

17.  Scuppers. — The  floors  of  storage  warehouses,  mills,  or  factories,  containing  merchan- 
dise or  stock  subject  to  damage  by  water,  should  be  impervious  and  should  be  provided  with 
interior  drains  or  scuppers  placed  in  the  exterior  walls  for  the  ready  and  quick  escape  of  water 
from  sprinkler  heads,  bursted  pipes,  or  hose.  The  scuppers  should  be  of  cast  iron  with  an  open- 
ing at  the  floor  level  of  about  4  X  12  in.,  sloping  downward,  at  a  pitch  of  2}^  in.  to  the  foot  to 
the  opening  beyond  the  edge  of  the  wall.  Brackets  or  guarda  may  be  used  to  prevent  the  open- 
ing from  being  covered  or  clogged  by  material  being  placed  against  it.  Flap  covers  allowing 
the  water  to  escape  readily  without  permitting  a  circulation  of  air  along  the  surface  of  the  floor 
are  used  at  the  openii^.     Two  designs  of  scuppers  are  shown  in  Pigs.  16  and  17. 


Fia.  la 


18.  Reinforced  Concrete  Floors. — Reinforcea  concrete  floors  are  treated  in  other  chapters 
in  this  section  and  in  Sect.  2,  The  Joint  Committee  on  Concrete  and  Reinforced  Concrete 
recommends  that  concrete  reinforcement  be  protected  by  a  minimum  of  2  in.  of  concrete  on 
girders,  IM  'n^  on  beams,  and  1  in.  on  floor  slabs. 

1ft.  Protection  of  Steel  Girders. — Steel  girders  having  a  greater  depth  than  the  floor  joists 
and  projecting  below  the  floors  may  be  subject  to  extremely  severe  exposure  during  a  fire.  The 
lower  flange  should  be  covered  with  at  least  2M  in.  of  solid  tile  construction  to  4  in.  of  hollow 
tile,  depending  on  the  exposure  and  the  importance  of  the  member.  If  the  member  is  d.%p 
enough  so  that  the  web  is  exposed  below  the  floor,  the  space  above  the  flange  or  flanges  should 
be  filled  flush  with  the  fire-resisting  material.  Sharp  corners  are  subject  to  unequal  heating  and 
usually  spall  more  than  flat  surfaces  or  rounded  corners.  Figs.  18  to  21  bclusive  show  typical 
<  Y«r  Book.  Asa.  Bob.  for  Tnting  MateriiUi. 
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coverings  for  various  requirements  of  girders  used  in  floor  construction.  If  concrete  is  used 
for  the  fire-protective  covering  the  steel  girders  should  be  wrapped  with  a  wire  mesh  to  reinforce 
and  bond  the  covering  to  the  member.  See  Art.  68  (c)  for  various  types  of  steel  frame  floors 
fire-proofed  with  concrete. 

20.  Brick  Arch  Floor  Construction. — ^A  brick  arch  may  be  built  between  steel  floor  beams  to 
support  heavy  loads.  Tie-rods,  connecting  the  beams,  are  used  to  take  the  thrust  and  should 
be  covered  with  a  thickness  of  at  least  2)4  in.  of  fire-resistive  material.  The  brick  are  laid  in 
cement  mortar  and  set  so  as  to  break  joints.  The  space  between  the  arch  and  the  floor  is  filled 
to  a  level  with  one  of  the  fire-resistive  materials,  usually  concrete.  Although  this  tyi>e  of  con- 
struction is  excellent  in  its  resistance  to  fire,  it  is  heavy  and  expensive.  It  has  been  used  in  the 
warehouse  type  of  building  where  appearance  of  the  underside  of  the  floor  is  not  objectionable. 

21.  Terra  Cotta  or  Tile  for  Floor  Arches. — Hollow  terra  cotta  or  tile  blocks  are  made  in  a 
great  variety  of  shapes  and  sizes  for  the  varioiis  requirements  of  floor  construction.  Having 
parallel  sides  or  edges,  the  blocks  are  adapted  to  use  between  the  floor  members  of  square  or 
rectangular  floor  panels.  Irregular  shaped  panels  or  irregular  spaces  created  by  openings  in  the 
floor  are  somewhat  difficult  to  fill  with  the  regular  units  of  tile.  If  the  space  is  so  irregular  that 
much  patchwork  is  required,  the  covering  of  the  steelwork  may  be  imperfectly  done  and  there 
is  also  the  possibility  of  tile  not  being  placed  in  position  to  develop  its  maximum  strength.  If 
the  floor  beams  are  parallel,  or  nearly  so,  the  tile  are  easily  and  rapidly  laid,  and  without  great 
interference  or  delay  to  other  work  in  the  building. 

Poroiis  tile  is  the  best  from  the  standpoint  of  resistance  to  fire  but  does  not  possess  as  g^at 
strength  as  the  harder  grades.  Semi-porous  tile  is  extensively  used  for  floor  arches  because  it 
combines  adequate  strength  with  satisfactory  fire-resistive  qualities. 

22.  Hollow  Tile  Flat  Arch. — In  Fig.  22  is  shown  a  perspective  view  of  a  hollow  tile  flat- 
arch  floor  with  the  tile  laid  side  to  side  and  breaking  joints.  The  openings  or  cells  of  the  tile  run 
parallel  to  the  beams.  In  this  type,  called  side-construction,  the  breaking  of  a  single  block  or 
its  removal  will  not  greatly  impair  the  strength  of  the  arch  beyond  the  block.  Fig.  23  is  an  illus- 
tration of  so-called  end  construction  of  a  flat  arch,  using  a  key  block  placed  as  in  the  side  con- 
struction. In  this  type  the  tile  is  placed  in  the  proper  position  to  transmit  the  thrust  directly 
through  the  webs  and  walls  to  the  steel  beam.  It  is  evident  that  the  blocks  should  be  set  in  line 
and  that  the  joints  should  be  well  bedded  with  cement  mortar. 


Tablb  of  Weights  and  Spans  for  End-construction  Arch* 


? 

Depth  of  arch 
(incheB) 

Weight 
(pounds  per  square  foot) 

Maximum  safe  spans 

(feet) 

(inches) 

6 

7 

8 

Q 

10 

12 

14 

15 

16 

26 
30 
32 
36 
38 
44 
50 
54 
55 

4 
4 
5 
6 
6 
8 
• 
9 
10 

0 
6 
0 
0 
6 
0 
0 
6 
0 

The  strength  of  any  arch  depends  as  largely  on  workmanship  as  on  materials,  therefore  the  maximum  spans 
given  can  be  used  only  where  experienced  workman  are  employed  and  the  work  is  guaranteed  by  a  responsible 
contractor. 

The  end  block,  shown  enlarged  in  Fig.  24,  is  objectionable  because  it  may  not  offer  as  great 
protection  from  fire  to  the  lower  flange  of  the  beam,  and  may  not  be  smoothly  and  firmly  bedded 
at  the  floor  member.  Using  the  skew  shown  in  the  side  construction  and  combining  with  a 
key  block  and  lengtheners  set  endwise,  we  have  the  type  of  floor  arch  most  commonly  used  (Fig. 

>  National  Fireproo6ng  Co. 
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25).  The  bottom  flange  is  covered  with  a  soffit  block  having  an  air  space  and  which  is  attached 
to  the  flange  by  clips  and  thoroughly  bedded  in  cement  mortar.  The  tile  are  scored  to  provide 
a  bond  for  the  plaster  which  is  appbed  directly  to  the  tile.  The  screeds  or  eleepers,  to  which  the 
flooring  is  nailed  may  be  of  2  X  2  in.,  2  X  3  in.,  or  2  X  4  in.  beveled  or  dovetuled  to  remain  in 
place  in  the  concrete  filling  over  the  tile.  These  nailing  strips  may  rest  directly  on  the  steel 
-joists  or  may  be  held  in  position  above  the  upper  flanges  by  sheet  metal  clips  notched  to  fit  the 


w  tila  flftt  uoh — (ida  BonatruoUon. 


Tvi.  26. — Commaii  type  of  boUow  tile  fl>t  krob. 


Fia.  26. — Simplsi  Boor  ftnh. 


upper  flange  and  muled  hi  the  sides  of  the  nailing  strips.     C^der  concrete  ia  oommonly  used 
for  the  filling. 

SS.  Simplex  Floor  Arch. — This  flat  arch  is  of  the  side-construction  type  having  tile  with 
lugs  at  the  bottom  edge  to  form  a  space  or  recess  into  which  cement  mortar  may  be  grouted 
with  a  trowel,  l^^g.  26  shows  a  cross  section  of  the  arch  with  a  form  of  support  or  centering 
used  in  setting  tile  in  flat-arch  floors. 
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S4.  H«w  York  Reinforced  Tile  floor. — A  type  of  conBtruction  known  as  the  "New  York  " 
Reinforced  Ead-conHtniction  Arch  ia  shown  in  Fig.  27.  It  is  intended  to  be  used  in  light  floors, 
especially  for  residences,  apartment  houBea,  and  hotels.  It  is  adapted  to  wide  epans,  in  which 
some  tension  may  exist  at  the  center  of  the  span.  A  woven  wire  reinforcement  (Fig.  28)  is 
embedded  in  the  cement  mortar  between  rows  and  near  the  lower  surface  of  the  tile.  This 
steel  is  shipped  in  reels  and  is  cut  to  the  proper  length  on  the  job  as  required.  Testa  by  tha  Bti-. 
reau  of  Buildings  of  New  York  City  have  indicated  that  a  live  load  of  150  lb.  may  be  used  for 
6-in.  tile  of  6-ft.  span,  and  for  S-in.  tile  of  7  ft.  6-in.  span. 


Fio,  W. — Herouiean  fist 


26.  Herculean  Flat  Arch. — This  system  consists  of  12  X  12-in.  blocks  of  semi-porous  terra 
cotta,  of  6,  8,  10,  or  12-in.  depth  according  to  span,  combined  with  steel  reinforcement.  It  is 
adapted  to  wide  spans  in  which  beam  action  requires  the  use  of  steel  at  the  top  or  bottom.  The 
reinforcement  consiste  of  a  T-shaped  steel  bar,  IJ^  X  IH  XMoin.,  embedded  in  cement  more 
tar  in  a  groove  in  the  side  of  the  block.  For  arches  of  greater  depth  than  8  in.,  two  T-bars  are 
used  as  shown  in  Fig.  29. 

36.  Segmental  Arches. — Fig.  30  shows  a  hollow  tile  arch.  This  type  of  floor  construc- 
tion may  be  used  where  loads  are  heavy,  as  in  warehouses,  factories  or  lofts.  Tie-rods  are  re- 
quired to  take  the  thrust.  The  setting  of  the  tile  and  the  placing  and  covering  of  the  tie-rods 
make  the  segmental  arch  type  much  more  difficult  to  construct  than  the  flat  arches.  A  plas- 
tered ceiling  may  be  suspended  from  the  arch. 

I 
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FOITNDATIONS 

Bt  T.  KeNNABD  THOBiSON 

The  foundation,  as  applied  to  buildings,  bridges,  etc.,  is  considered  as  that  portion  of  the 
structure  resting  on  the  rock  or  soil.  The  foundation  work  generally  includes  the  excavation 
to,  and  preparation  of,  the  rock  or  subsoil  and  the  placing  of  concrete,  brick,  or  other  footings 
thereon. 

27.  Preliminary  Investigations. 

27a.  Personal  Survey  of  Site. — Before  making  any  plans,  a  perBonoL  inspection 
of  the  site  is  necessary.  No  rules  or  regulations  can  take  the  place  of  this,  for  every  site  has  its 
own  peculiar  environments  which  greatly  affect  its  adaptability  foir  foundations.  A  site  in  a 
vacant  block,  for  instance,  requires  very  different  treatment  to  one  with  high  buildings  around 
it;  likewise,  a  site  near  a  stream  of  water,  or  even  in  the  bed  of  an  old  stream  long  since  diverted, 
requires  more  than  ordinary  consideration. 

If  the  plot  has  high  hilla  surrounding  or  nearby,  an  enormous  unexpected  pressure  may  be  exerted  on  the 
foundations.  For  example,  a  well  built  culvert  having  walls  10  ft.  thick  and  supported  by  1600  piles*  under  an 
embankment  on  the  Erie  Railroad,  was  badly  wrecked  after  completion  by  the  piles  being  forced  sideways  by  the 
movement  of  a  soft  strata,  which  caused  one  end  of  the  tunnel  to  move  10  ft.  horison tally  and  then  back  2  ft.,  while 
the  other  end  moved  2^  ft.  in  the  opposite  direction.  The  cause  of  this  distortion  was  the  action  of  the  water  from 
the  surrounding  hills  on  a  soft  bed  of  clay  some  distance  below  the  surface.  The  tops  of  these  hiUs  were  200  ft. 
or  BO  above  the  culvert.  In  this  case  the  probabilities  are  that  if  the  piles  had  been  omitted  the  culvert  would  not 
have  been  destroyed,  as  the  movement  was  in  a  strata  below  the  surface  and  carried  the  piles  with  it.  It  is  inter- 
esting to  note  that  evidence  of  glacial  deposits  of  hardpan  were  found  on  the  adjacent  hills  over  1200  ft.  above  the 
sea  level. 

The  above  ease  is  cited  simply  to  show  that  a  careful  inspection  by  a  trained  observer  should  always  precede 
the  mechanical  investigations,  or  much  better  still,  before  the  site  is  even  purchased.  Such  precautions  would 
save  in  the  aggregate  many  millions  of  dollars,  as  good  locations  can  often  be  as  easily  and  cheaply  secured  as  bad 
or  unsafe  ones. 

276.  Rod  Test. — If  the  site  for  the  building  has  already  been  selected  where  the 
ground  is  more  or  less  soft,  it  would  be  advisable  to  ascertain  the  approximate  depth  of  the 
soft  strata,  for  if  it  were  only  a  few  feet,  with  a  good  gravel,  rock,  or  other  stable  material  near 
the  surface,  it  would  be  worth  while  to  continue  the  excavation  to  the  more  reliable  material. 
A  simple  way  to  ascertain  this  is  to  drive  a  steel  rod  or  crowbar  into  the  ground.  If  the  rod 
only  penetrates  a  few  feet,  more  definite  means  should  be  taken  to  ascertain  the  nature  of  the 
material  under  the  surface,  whereas  if  it  penetrates  many  feet,  the  nature  of  the  building  might 
be  such  that  it  would  not  pay  to  carry  the  foundations  to  a  hard  bottom  at  that  site,  and  the 
character  of  the  building  might  also  be  such  that  there  would  be  no  object  in  going  deeper  than 
the  frost  or  other  requirements  necessitate.  In  some  cases,  the  rod  may  be  driven  30  ft.  or 
more,  but  at  the  best,  this  method  simply  indicates  that  a  hard  foundation  cannot  be  obtained 
at  a  reasonable  depth. 

27c.  Auger  Borings. — The  driving  of  a  steel  rod  or  crowbar  stops  on  the  first 
obstruction  and  would  not  indicate  that  below  this  obstruction,  be  it  clay,  gravel,  boulder,  or 
stump,  there  is  not  another  soft  strata.  An  ordinary  wood  auger  is  often  used  where  more 
definite  information  is  required.  The  auger  will  often  penetrate  100  ft.  or  more  and  brings  up 
fairly  reliable  samples.  The  auger,  however,  is  chiefly  of  use  in  fine  sand  or  clay  and  stops  on  the 
first  obstruction  encountered. 

21  d.  Wash  Borings. — When  the  material  is  too  hard  or  compact  to  get  good 
results  from  the  rod  or  auger,  wash  borings  are  frequently  made.  The  simplest  method  is  to 
use  a  gas  pipe  into  which  water  is  forced  and  allowed  to  escape  at  the  bottom  as  the  pipe  is 
worked  up  and  down  by  one  or  two  men  holding  it.  A  more  effective  method  is  to  have  a 
larger  pipe — say,  2  to  4  in.  in  diameter — ^which  is  driven  down  by  a  sort  of  miniature  pile 
driver  (generally  in  the  shape  of  a  tripod)  with  a  smaller  water  jet  pipe  working  inside  of  the 
larger  or  casing  pipe.  The  continual  flow  of  water  brings  the  material  to  the  surface  where  it  is 
carefully  collected  and  tabulated  so  that  a  plan  can  be  prepared  showing  the  various  stratas 
passed  through. 
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In  washing  up  the  materials,  clay  is  apt  to  disappear  and  the  coarse  material  to  be  sepa- 
rated from  the  finer  so  it  is  rather  difficult  to  be  sure  that  the  samples  really  show  the  nature 
of  the  ground.  Wash  borings,  however,  are  in  many  cases  sufficiently  reliable  for  the  purpoae; 
cost  very  much  less  than  core  borings;  and  may  be  carried  down  100  ft.  or  more. 

Ab  a  general  rule,  men  who  make  wash  borings  claim  that  they  stopped  on  rock  or  a  boulder — but  it  is  nearly 
always  a  boulder.  An  experienced  man  who  knows  the  nature  of  the  rock  at  that  site  can  often  tell  if  he  has 
really  reached  bed  rock,  especially  if  it  is  a  soft  rock,  like  micaceous  gneiss  which  easily  chips  off  and  ia  washed 
out.  One  of  the  few  oases  where  wash  borings  alwajrs  reached  bed  rook  was  for  the  Pennsylvania  Tunnel  in  New 
York  City,  under  Thirty-third  Street.  In  this  ease  wherever  a  boulder  was  encountered  a  small  stick  of  dynamite 
was  dropped  down  the  hole  to  shatter  and  remove  the  boulder.  In  lower  New  York  the  operator  nearly  always 
claims  that  he  has  reached  bed  rock  when,  as  a  matter  of  fact,  he  is  at  or  near  the  top  of  the  hardpan.  After  being 
badly  deceived  once  or  twice,  an  experienced  contractor  will  never  agree  to  carry  his  foundations  to  bed  rook  on 
the  evidence  of  wash  borings — but  will  only  contract  to  go  to  the  depth  indicated  by  the  borings,  if  for  a  lump 
sum,  with  so  much  per  cubic  yard  for  extra  work  below  these  depths. 

27e.  Diamond  Drill  Borings. — Diamond  drill  or  core  borings  are  used  where 
it  is  necessary  to  be  absolutely  sure  as  to  the  depth  of  the  bed  rock  and  the  nature  of  it.  These 
borings  are  obtained  by  having  a  cutter  which  is  hard  enough  to  cut  out  a  core  of  even  the  hardest 
rock  and  bring  it  to  the  surface.  The  cutting  tool  is  made  of  diamond,  shot,  or  fragments  of 
chilled  cast  iron.  These  cores  are  sometimes  about  1  in.  in  diameter  and  from  a  fraction  of  an 
inch  to  5  or  10  ft.  long. 

An  experienced  operator  should  never  have  any  difficulty  in  telling  whether  his  sample  is  from  a  boulder  or 
bed  rock — ^for,  in  the  first  place,  he  should  know,  or  soon  find  out.  the  nature  of  the  bed  rock  at  the  site  he  is  work- 
ing, and,  in 'the  second  place,  boulders  are  usually  of  a  much  harder  material  than  the  roek  and  are  naturally 
limited  in  sise.  The  reason  for  this  is  that  what  we  call  boulders  are  big  gravel,  having  been  brought  down  and 
deposited  in  the  facial  period — all  the  rough  corners  and  soft  pieces  being  ground  off  in  the  process.  New  York 
gneiss,  for  instance,  would  have  been  pulverised  long  before  it  could  have  been  formed  into  a  boulder. 

Diamond  drill  borings  are  naturally  much  more  expensive  than  the  other  methods  described,  but  on  the 
other  hand  they  are  conclusive  evidence,  as  far  as  they  go,  although  they  do  not  show  the  variation  of  the  rook  level 
between  the  borings.  For  instance,  in  the  Ohio  River,  at  Mingo  Junction,  the  rock  is  almost  as  level  as  the  water, 
while  in  New  York  the  rock  is  tilted  as  if  it  has  been  thrown  into  place  and  is,  therefore,  exceedingly  uneven  in 
elevation.  In  lower  New  York,  the  top  of  the  hardpan  is  usually  nearly  level  for  considerable  distances — but  the 
top  of  the  rock  is  very  irregular,  varying  as  much  as  14  ft.  vertical  in  the  same  number  of  feet  of  horisontal  distance. 

As  it  is  much  cheaper  to  get  a  contractor  to  rig  up  a  plant  who  makes  a  specialty  of  making  borings,  than  it  is 
to  get  one  to  do  it  who  is  not  familiar  with  the  operation,  it  is  hardly  worth  while  to  give  details  of  these  devioea  of 
which  there  are  an  unlimited  number  of  designs. 

27/.  Test  Pits. — Digging  a  small  test  pit  will  often  take  the  place  of  boring  or 
supplement  the  information  obtained  thereby.  But  test  pits  are  not  usually  made  under  the 
ground  water  level  nor  to  more  than  a  few  feet  in  depth. 

227(7.  Test  of  Soil  for  Bearing  Capacity. — Where  the  local  conditions  are  not 
well  understood,  it  is  well  to  make  special  tests  of  the  soil  by  putting  a  platform  on  the  ground 
and  loading  it.  The  larger  the  area  covered  by  the  testing  platform  the  more  reliable  the  results, 
but  even  the  most  careful  experiments  of  this  nature  require  a  great  deal  of  personal  judgment, 
not  only  that  the  conditions  may  be  thoroughly  imderstood,  but  also  that  the  present  conditions 
will  really  represent  future  conditions.  For  instance,  a  test  on  dry  hard  clay  would  be  valueless 
if  the  clay  subsequently  became  wet;  or,  on  the  other  hand,  if  the  test  were  made  on  wet  clay — 
that  could  not  squeeze  out  and  the  clay  afterwards  became  dry — the  shrinkage  resulting  might 
be  serious. 

It  is  often  good  judgment  to  dig  a  hole  and  put  the  loading  platform  on  the  bottom  of  this  hole,  provided  the 
excavation  for  the  test  hole  fairly  represents  the  conditions  of  the  proposed  foundations.  The  reason  for  this  is 
that  the  weight  of  surrounding  material  holds  foundation  soil  in  place,  so  where  only  2  to  4  tons  would  be  allowed  on 
sand  when  the  foundations  were  to  be  near  the  surface,  if  the  excavation,  say  by  pneumatic  caisson  or  cofferdam, 
were  carried  30  or  40  ft.  down,  6  to  10  tons  per  sq.  ft.  might  be  safe. 

28.  Characteristics  of  Soil,  Rock,  Etc. — If  the  sand,  clay,  or  other  material  had  been  pre- 
pared by  man  so  that  he  knew  the  exact  constituents,  how  it  had  been  placed,  how  rammed, 
rolled,  or  tamped,  it  would  be  comparatively  easy  to  say  how  much  load  could  safely  be  applied. 
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but  as  these  materials  have  been  placed  by  Nature,  sometimes  by  gentle  sedimentation  and 
sometimes  under  enormous  hydraulic  pressure,  and  as  they  are  often  placed  in  layers  of  more 
or  less  thickness,  with  or  without  water  present,  all  we  can  do  is  to  give  general  rules  as  above 
and  then  make  tests  and  use  one's  best  judgment.  In  fact,  no  part  of  a  structure  is  so  dependent 
on  good  judgment  and  so  little  bound  by  cast-iron  rules  as  the  foundations. 

Sand, — Clean  sand  has  been  packed  in  such  a  manner  by  hand  that  it  safely  carried  100 
tons  per  sq.  ft.,  or  more,  and  yet  as  it  is  found  in  nature,  it  cannot  be  loaded  with  more  than 
from  2  to  4  tons  except  in  deep  excavations. 

Sand  varies  from  pure  silica  in  very  fine  particles,  to  gravel,  or  it  may  be  mixed  in  various 
proportions  with  many  different  materials,  as  clay,  loam,  decayed  vegetable  matter,  minerals, 
etc.,  and  most  important  of  all,  water.  Sometimes  Nature  makes  a  thorough  mixture;  while 
there  are  many  places  where  successive  layers  are  found.  These  may  be  thick  or  thin,  of  sand, 
clay,  gravel,  etc.,  and  may  be  repeated  over  and  over  again.  A  shaft  has  been  sunk  through 
about  40  ft.  of  distinct  layers  many  of  which  were  less  than  Ke  in.  thick.  The  clay  acts  as  a 
lubricant  to  help  the  sand  to  slide  into  any  accessible  opening. 

If  the  sand  is  confined  so  that  it  cannot  escape,  it  will  safely  sustain  great  loads  whether 
it  be  dr%  or  wet,  and  sand  of  coarse  grain  may  be  alternately  wet  and  dry  provided  no  sand 
is  lost  or  carried  away  in  the  process  of  wetting  or  drying,  the  coarser  grains  being  much  less 
liable  to  be  carried  off. 

The  disintegration  of  rocks  (especially' igneous  rock,  containing  silica  and  calcium)  by  the  action  of  the  weather, 
waye,  or  wind,  forms  pure  sand.  After  being  separated  from  the  rock  the  grains  are  carried  by  the  rivers,  waves 
of  the  oceans,  or  wind,  to  a  new  bed  and  often  many  other  substances,  such  ab  day,  mud,  minerals,  etc.,  are  de- 
posited at  the  same  time  or  in  between  the  different  layers  of  sand.  Calcareous  sands  are  formed  generally  by 
the  waves  of  the  seashore,  which  act  on  limestone  beds,  shells,  corals,  etc.  Much  sand  eomes  from  pulverised  quarts 
as  the  softer  rocks  will  not  stand  the  grinding  action  necessary  to  form  clean  white  sand. 

On  the  desert,  the  sand  particles  have  their  rough  edges  ground  off  by  being  blown  over  and  over  each  other 
by  the  wind,  which  like  the  waves  and  floods,  tend  to  separate  the  larger  or  heavier  from  the  smaller  and  lighter 
fragments— often  to  be  mixed  up  again  with  other  grades  of  sand  and  with  other  material.  Even  such  hard  sub- 
stances as  diamonds,  are  rounded  when  carried  along  with  sand.  The  banks  of  a  river  may  contain  many  kinds 
of  rock  and  the  same  kind  of  rock  in  many  places,  some  making  sand,  others  gravel,  mud,  clay,  etc.,  all  of  which 
may  be  mixed  together  in  transit.  Even  a  coarse  sand  is  carried  on  a  current  of  less  than  one-half  a  mile  per 
hour,  the  heavier  grains  sinking  first  and  the  finer  grades  being  carried  much  farther. 

In  North  America  and  other  places,  much  sand  was  brought  down  with  the  ice  during  the  glacial  period. 
The  particles  of  this  sand  are  often  more  angular  than  the  particles  of  sand  washed  down  with  gravel  in  the  rivers  or 
Mown  about  by  the  wind.     The  treatment  which  makes  sand,  would  make  clay  or  mud  of  the  softer  rocks. 

All  kinds  of  metals,  diamonds,  earthy  matter,  etc.,  are  found  mixed  with  the  sand  at  different  places,  gold  and 
other  heavy  metals  working  their  way  to  the  bottom. 

Heat  accelerates  the  chemical  action  in  the  disintegration  of  rocks. 

Clay. — Nearly  all  rocks  if  pulverized  fine  enough,  would  be  found  to  have  some  of  the 
qualities  of  clay*.  Hard  rocks,  like  quartz,  as  a  rule  are  not  so  easily  decomposed  by  the 
weather  and  are  more  apt  to  form  sand  than  clay.  In  New  York,  however,  rock  containing 
quartz  has  been  found  under  30  ft.  of  hardpan  so  rotten  that  it  could  be  shovelled;  whether 
this  deterioration  occurred  before  the  hardpan  was  deposited  or  was  due  to  subsequent  chemi- 
cal action,  would  be  hard  to  ascertain. 

Clay  is  a  combination  of  silica  and  alumina  with  all  sorts  of  impurities  mixed  with  it. 
When  mixed  wet  and  dried  out  it  becomes  very  hard,  and  shrinks  in  volume.  Being  so  much 
finer  in  particles  than  sand,  it  is  held  in  suspension  and  carried  much  farther  out  to  sea  than  the 
coarser  grained  sand  or  gravel,  which  are  deposited  first.  The  finest  particles  of  all  are  carried, 
often,  far  out  into  the  ocean  as  mud.  This  fine  material  may  become  shale  by  pressure  or 
some  other  means.  The  shale  may  be  uplifted  and  exposed  to  weather  where  it  will  disin- 
tegrate and  again  become  mud  or  clay. 

CHay  is*  deposited,  layer  after  layer,  with  sand,  gravel,  or  other  material  (such  as  decayed  vegetable  matter, 
animal  matter,  minerals,  etc.)  mixed  in  between  and  often  acts  as  a  lubricant  for  the  more  compact  or  heavier  mate- 
rial to  slide  upon,  and  is  undoubtedly  the  cause  of  nearly  all  great  land  slides.  It  is  at  the  best  a  very  treacherous 
material  to  deal  with.  When  dry  it  will  carry  4  tons  per  aq.  ft.,  or  much  more,  but  when  wet  its  carrying  capacity 
is  extremely  uncertain  to  say  the  least,  and  often  it  would  not  be  safe  to  place  H  ton  per  sq.  ft.  on  it,  unless  a  con- 
siderable settlement  would  not  be  injurious  to  the  buildings. 
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Clay,  unlike  sand,  is  softened  by  water  and  liable  to  move  under  pressure.  In  a  ease  at  Hudson.  N.  Y., 
a  225-ft.  chimney,  power  houses,  and  other  buildings  wore  wrecked,  all  of  which  were  located  on  rising  ground 
near  a  creek,  and  12  acres  dropped  20  ft.  in  2  min.  fifty  auger  borings  failed  to  indicate  the  cause  of  the 
disaster,  but  a  shaft,  about  4  ft.  square,  bunk  to  a  depth  of  35  ft.  disclosed  a  very  soft  layer  of  clay  at  about  the 
same  level  as  the  bed  of  the  oreek.  The  probabilities  are  that  the  excessive  rains  of  that  season  had  reached 
this  bed  of  clay  from  the  surrounding  hills,  causing  the  sudden  collapse  which  moved  the  creek  bodily,  about 
100  ft.,  in  addition  to  the  sinking  of  the  12  acres.  This  layer  of  clay  as  disclosed  in  the  shaft,  was  entirely  in- 
adc^quate  when  softened  by  the  excessive  rains,  to  carry  the  weight  of  the  soil  above  it  even  without  considering 
the  buildings  at  all;  and  as  a  proof  of  this  it  might  be  stated  that  a  similar  slide  ocourred  nearby  in  the  Virgin 
Forest 

Loam, — Loam  b  a  mixture  of  decomposed  organic  matter  with  sand,  clay,  etc.,  and  is 
treacherous  enough  material  even  when  not  full  of  worm  holes.  Ab  a  rule,  it  is  not  compacted 
by  Nature  as  most  sands  and  clays  are  by  the  glacial  or  other  floods,  and  does  not  extend  to 
any  great  depths.     No  building  of  any  importance  should  be  founded  on  it. 

Marl. — Marl  is  composed  of  clay  and  carbonate  of  lime  in  different  proportions,  the  car- 
bonate of  lime  often  making  it  valuable  as  a  fertilizer.  Like  clay  and  sand,  it  contains  many 
impurities,  fossils,  etc.      Soft  marl  is  called  earthy;  hard  marl,  indurated. 

Hardpan, — Hardpan  is  usually  a  mixture  of  sand,  clay,  and  graveL  In  New  York,  for 
instance,  it  was  evidently  formed  in  the  glacial  period  and  seems  to  be  free  from  vegetable  or 
animal  deposits,  for  if  any  such  were  originally  in  the  mass,  all  traces  thereof  seem  to  have  dis- 
appeared. Generally  this  hardpan  hes  directly  on  the  rock  (in  New  York)  with  from  30  to  80  ft. 
of  quicksand  on  top  of  it,  but  occasionally  a  layer  of  from  2  to  20  ft.  of  clean  sand,  gravel,  and 
boulders  is  found  between  the  hardpan  and  the  rock.  The  proportions  and  consistency  of  this 
hardpan  vary  from  mud  to  a  natural  concrete  which  is  so  hard  that  it  has  been  mistaken  for 
good  Portland  cement  concrete.  As  a  rule,  however,  it  can  be  removed  by  pick  and  shovel. 
In  one  case  only,  when  sinking  caissoils  in  New  York  City,  a  vacant  space  of  about  8  cu.  ft. 
was  found  in  the  middle  of  the  hardpan  removed.  This  may  have  been  formed  by  some  matter 
which  was  afterwards  decomposed  allowing  the  space  to  be  filled  with  water.  Most  hardpan 
is  much  harder  when  dried  out  than  when  in  its  original  bed,  under  water,  but  any  good  hardpan 
will  support  in  its  natural  bed  more  than  15  tons  per  sq.  ft.  provided  it  is  not  underdrained. 
Some  hardpans  are  water-tight,  others  water-bearing. 

Peatf  Bag,  Etc. — It  is  sometimes  necessary  to  put  floating  foundations  for  railroads  or  other 
structures  on  these  materials,  but  as  the  risk  is  great,  it  should  only  be  taken  when  unavoidable 
and  then  with  great  care.  Peat  is  vegetable  matter  not  fully  carbonized.  It  has  been  used 
for  embankments  on  canals  where  the  question  as  to  the  safety  of  having  an  inflammable  mate- 
rial for  the  banks  of  a  canal  was  gravely  debated. 

SiU, — The  Hudson  River  silt  is  so  fine  that  a  23-ft.  diameter  shield  of  a  tunnel  could  be 
driven  across  the  Hudson  River  without  excavating  any  material  whatever  (see  James  Forgie, 
Eng,  News,  Feb.  28,  1917,  p.  228).  In  this  material  90-ft.  piles  have  been  driven  in  6  min., 
without  reaching  any  harder  materials;  and  then  a  test  was  made  by  capping  4  of  these  piles 
a  week  after  being  driven,  when  they  held  a  test  load  of  160  tons  without  any  further  penetra- 
tion whatever.  The  Hudson  River  silt  is  very  much  finer  and  more  treacherous  than  the  New 
York  quicksand. 

Gravel. — Gravel  is  generally  obtained  by  screening  from  mixed  deposits  the  sand,  mud 
and  boulders;  occasionally  the  run  of  the  quarry  can  be  used  as  found  either  for  gravel  or  for 
concrete,  without  removing  the  sand. 

Rock. — A  good  rock  when  lying  in  its  original  bed  will  support  any  load  which  is  liable 
to'  be  placed  upon  it.  The  chief  danger  is  where  the  stratification  is  inclined  and  in  such  a 
position  that  it  can  break  on  its  natural  cleavage  plane,  allowing  the  structure  to  slide  into  a 
valley  or  adjoining  excavation;  a  condition  to  be  guarded  against  in  a  city  like  New  York, 
where  the  stratification  is  very  tilted  and  very  irregular,  and  where  subways  and  excavations 
for  other  purposes  remove  the  rock  by  blasting  many  feet  below  the  foundations  of  the  ad- 
joining buildings. 

29.  Loads  on  Foundations. — New  York  Building  Code,  as  of  March  14,  1916,  gives  a  good 
summary  for  loads  per  square  foot  on  different  soils,  excluding  mud,  as  follows: 
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Wet  day 1  ton 

Wet  Band 2  tons 

Firm  olay 2  tons 

Sand  and  olay  mixed  or  in  layers 2  tons 

Fine  and  dry  sand 3  tons 

Hard  dry  olay '. 4  tons 

Coarse  sand 4  tons 

Gravel _. 6  tons 

Soft  rock 8  tens 

Hardi»an 10  tons 

Medium  roek 15  tons 

Hard  rook '. .  40  tons 

When  the  Superintendent  of  Buildings  is  in  doubt  as  to  the  quality  of  the  soil,  he  demands 
that  proper  tests  shall  be  made  to  determine  the  safe  bearing  capacity.  He  will  also  consider 
any  tests  the  owner  may  wish  to  make  under  the  supervision  of  the  Department. 

In  New  Orleans,  where  the  subsoil  is  all  alluvial,  the  building  laws  specify  that  only  1400 
lb.  per  sq.  ft.  will  be  allowed  on  any  foundation.  Buffalo  allows  S}4  tons  per  sq.  ft.  Cambria 
Steel  Handbook,  1019,  pp.  327-349,  quotes  Building  Laws,  Foundations,  etc.,  for  31  cities. 

The  writer  is  satisfied  that  almost  any  material  that  deserves  to  be  oalled  rook  will  bear,  in  its  original  posi- 
tion, practically  any  load  that  oan  be  placed  upon  it.  provided  that  the  rook  is  not  inclined  and  lying  in  such  a 
position  that  it  oan  slip  off  its  base  and  take  the  building  with  it.  When  the  rook  is  so  rotten  that  it  can  be  shovel- 
led out,  it  is  hardly  fair  to  call  it  rook.  Usually  concrete  is  placed  on  top  of  the  rook,  and  15  tons  per  sq.  ft.  is  a 
safe  allowance  for  good  concrete.  This  load  is  the  same  as  208  lb.  per  sq.  in.,  or  104  lb.  on  H  sq.  in.  Now  imagine 
a  girl  weighing  104  lb.  standing  on  a  French  heel  of  >^  sq.  in.  She  could  not  make  any  impression  on  a  wood  floor, 
much  less  on  bed  rook;  or,  in  other  words,  the  foundations  for  the  Singer  Tower  in  New  York  City,  612  ft.  high, 
only  oover  half  the  area  of  the  lot,  and  so  if  the  weight  of  the  Singer  Building  were  doubled,  the  weight  on  the 
whole  area  would  be  only  104  lb.  per  H  sq.  in.  First  class  concrete  would  carry  safely  much  more  than  15  tons 
per  sq.  ft.,  .but  owing  to  liability  of  poor  workmanship,  etc.,  it  is  safer  not  to  allow  more  than  this  amount.  The 
load  allowed  on  mortar  or  concrete  will  generally  govern  the  load  on  the  rock  since,  apart  from  the  expense  of 
leveling  off  the  rock  to  get  a  direct  bearing  for  the  steel  columns,  it  is  usually  advisable  to  have  some  waterproof 
material,  such  as  sheet  copper  or  lead  under  the  columns  and  to  have  several  inches  of  mortar  between  this  mate- 
rial and  the  column  base.  Copper  should  never  be  in  contact  with  steel  as  the  steel  may  be  destroyed  by 
electrolysis,  and  tar  and  felt  are  too  compressible  to  be  put  under  heavy  columns. 

80.  Dead,  Live,  and  Wind  Loads. — There  are  many  empirical  rules  for  estimating  the  loads 
on  foundations,  especially  as  regards  live  and  wind  loads.  The  dead  load  is,  of  course,  a  fixed 
item  being  the  weight  of  the  structure  itself. 

Most  building  laws  do  not  anticipate  that  all  of  the  floors  will  be  loaded  to  their  maximum 
at  one  time,  but  while  the  floors  of  an  office  building,  for  instance,  must  be  sufficiently  strong  to 
carry  heavy  safes  and  a  crowd  of  people  and  there  is  little  probability  of  £dl  the  floors  of  such 
building  being  so  loaded  at  the  same  time,  a  warehouse  or  factory  on  the  contrary  might  have 
its  capacity  taxed  to  the  utmost,  so  the  only  safe  way  is  to  take  each  case  by  itself  and  design 
each  foundation  for  the  total  load  which  it  will  probably  be  subjected  to,  including  wind  and 
snow.  Many  cities  specify  that  the  foundations  shall  be  designed  to  carry  60  %  of  the  assumed 
live  load  in  addition  to  the  dead  load,  snow  load,  and  wind  pressure. 

In  designing  steel  buildings  there  seems  to  be  a  greater  variation  in  provision  for  wind  stresses  than  for  any 
other  item,  for  some  buildings  seem  to  have  been  built  without  making  any  provision  at  all — while  others,  like 
the  Singer  Building  Tower,  not  only  have  ample  knee  braces  and  other  connections,  but  have  in  addition,  anchor 
eye-bars  extending  many  feet  into  the  concrete  caissons  in  such  a  manner  that  the  whole  caisson  would  have  to 
be  lifted  or  the  c<Jttmn  broken  before  the  building  could  blow  over  (see  Tratu.  Am.  Soo.  C.  E.,  vol.  LXIII,  pp. 
1-30).  Very  few  buildings  are  so  anchored  and  very  few  would  need  any  provision  against  uplift.  On  the  other 
hand,  however,  it  is  often  advisable  to  add  the  wind  loads  to  the  dead  and  live  loads  on  the  leeward  side  of  the 
building.  For  tall  chimneys  or  isolated  buildings,  the  entire  wind  pressure  might  reach  the  foundations  while  in  a 
built  up  section  of  a  city  only  a  fraction  of  the  maximum  wind  pressure  would  probably  do  so. 

81*  Building  On  Old  Foundations. — When  it  is  desired  to  add  3  or  4  stories  to  an  old 
building,  it  will  often  be  found  that  a  building  which  has  been  in  existence  for  many  years, 
resting  on  sand,  clay,  etc.,  has  so  compressed  its  foundation  that  the  additional  weight  will  not 
sause  any  settlement  or  cracks  in  the  building  at  all.     This,  however,  can  be  determined  only 
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by  a  careful  investigation  of  the  site,  making  borings  and  other  observations.  The  National 
City  Bank  on  New  York  quicksand,  and  the  Methodist  Book  Concern,  Fifth  Ave.,  on  sand,  clay, 
etc.,  are  examples  of  this.  Both  had  been  built  many  years  and  neither  settled  the  slightest 
when  new  stories  were  added  to  the  old. 

82.  Effect  of  Climate. — Foundations  are  not  usually  exposed  to  the  weather  and  are  not 
therefore  as  much  affected  by  the  climate  as  the  rest  of  the  building,  but  the  results  of  expansion 
and  contraction  must  always  be  considered.  Some  reinforced  concrete  buildings  have  been 
built  from  100  to  300  ft.  long  without  any  expansion  joints,  but  if  the  foundations  had  been 
continuous  for  that  length,  the  upper  part  of  the  structure  would  have  expanded  more  than  the 
base  with  disastrous  results.  Cast-iron  cylinder  piers,  6  to  8  ft.  in  diameter,  have  been  filled 
with  masonry  which  did  not  contract  as  quickly  as  the  cast-iron  shells,  with  the  result  that  the 
shells  split  open.     This  has  occurred  in  several  places. 

A  large  hoepital  was  founded  on  shale,  and  had  a  4-in.  concrete  slab  for  a  floor,  without  any  expansion  jointa, 
although  the  building  was  over  100  ft.  square.  Under  the  floor  were  numerous  tunnels,  or  subways,  4  ft.  deep 
by  5  ft.  wide,  for  steam  pipes.  The  floor  was  constructed  in  January;  hoepital  opened  in  July;  thermometer  stood 
at  102  deg.  in  shade  outside  and  128  deg.  in  the  subways  on  account  of  the  steam  pipes  being  required  for  sterilising 
purposes.  As  the  heavy  building  was  on  a  solid  foundation,  the  floor  was  held  on  its  four  sides  by  the  heavy  build- 
ing, so  it  just  naturally  buckled  up— smashing  various  light  partition  walls,  etc.,  and  causing  thereby  considerable 
discussion  as  to  whether  (1)  the  building  had  settled,  (2)  the  building  had  risen  in  places,  or  (3)  an  explosion  of  coal 
gas  had  occurred.  This  discussion  lasted  for  months  before  the  real  cause  of  the  trouble — expansion — was  dis- 
covered. The  object  of  having  such  large  floors  without  expansion  joints  was  to  avoid  the  danger  of  germs  finding 
their  way  into  the  joints  where  they  could  not  be  scrubbed  out.  Needless  to  say,  the  above  object  could  have  been 
obtained  and  proper  provision  made  for  expansion  and  contraction  at  the  same  time. 

Heat. — Concrete  while  setting  should  be  protected  from  excessive  heat  of  the  sun  and  in 
some  places  it  would  be  advisable  to  keep  the  foundation  so  protected  until  the  building  is 
constructed  over  it. 

Concrete  like  rock  or  soils,  is  much  more  liable  to  disintegration  from  chemical  action 
when  at  the  same  time  subjected  to  heat.  This  has  been  found  to  be  so  at  Panama,  Long 
Island  Sound,  New  York  City,  and  many  other  places. 

In  the  writer's  opinion,  pure  salt  water  does  not  injure  dense  Portland  cement  concrete,  but  chemieals 
from  sewage  or  other  sources,  especially  when  heated  by  the  sun  or  other  means,  do  destroy  it.  For  an  example, 
the  discharge  tunnel  from  a  power  house  was  built  of  concrete.  The  impure  water,  so  discharged,  was  very  hot 
and  it  was  found  that  no  concrete  could  last  in  this  position.  A  wood  lined  tunnel  was  tried  and  up  to  date 
seems  to  give  satisfaction. 

Cold, — A  porous  concrete  which  allows  the  water  to  enter  and  freeze  or  to  carry  chemicals 
in  or  out  is  in  much  more  danger  from  climatic  changes  than  an  impervious  concrete.  Where 
necessary,  steel  reinforcing  should  be  used  to  prevent  danger  from  expansion  and  contraction. 
Foundations  should  always  be  carried  deep  enough,  unless  on  bed  rock,  to  prevent  the  material 
under  the  foundation  from  freezing  and  thus  expanding  so  as  to  lift  and  destroy  the  work. 

It  is  a  very  safe  rule  not  to  place  concrete  when  the  temperature  is  much  below  freezing. 
Good  concrete,  however,  has  been  laid  in  from  10  to  15  deg.  or  more  below  freezing  by  heating 
the  ingredients  before  mixing  and  covering  the  concrete  while  setting.  It  is  always  advisable 
to  prevent  the  concrete  from  freezing  before  or  while  it  is  setting,  as  the  distortion  is  liable  to 
be  injurious. 

33.  Waterproofing. — The  nearer  concrete  is  to  being  waterproof,  the  better,  as  it  will  be  less 
liable  to  be  damaged  by  frost,  etc.,  and  one  of  the  surest  ways  of  accomplishing  this  is  to  have 
enough  cement  to  fill  all  the  voids  in  the  sand.  This  generally  means  a  mixture  of  one  part  of 
cement  to  two,  or  less,  parts  of  sand.  A  concrete  of  good  Portland  cement,  sand,  and  stone,  or 
gravel,  with  no  voids  will  come  very  near  to  being  waterproof,  but  at  the  same  time  this  is  a 
very  hard  condition  to  obtain. 

There  are  numerous  substances  which  it  is  claimed,  when  mixed  with  the  cement,  will  keep  the  water  out. 
Other  methods,  such  as,  tar  and  felt,  sheet  copper,  sheet  lead,  etc.,  are  well  known  and  reliable  if  properly  applied, 
but  as  a  rule  contractors  for  waterproofing  do  not  try  to  waterproof  against  a  head  of  water,  preferring  to  put  drains 
under  the  floors  or  behind  the  walls  which  are  to  be  protected.  These  drains  lead  to  sumps  and  the  pumping 
therefrom  as  a  rule  is  not  serious.  Wliere  there  is  a  persistent  leak  in  a  wall,  it  is  a  common  practice  to  cut  a  groove 
in  the  wall  and  then  cover  it  over,  thus  forming  a  bUnd  drain  to  carry  the  water  from  the  leak  down  to  the  sump. 
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Foundations,  retaining  walls,  etc.,  should  have  the  oonorete  poured  continuously  from  the  base  to  the  top 
of  the  wall,  for  if  the  work  is  suspended  until  the  concrete  has  begun  to  set,  water  will  always  be  able  to  find  its 
way  through  horisontal  cracks  formed  where  the  stops  are  made  in  pouring.  As  there  is  generally  a  certain  amount 
of  milk  of  lime  or  laitance  on  the  top  of  wet  concrete,  a  small  seepage  of  water  will  eventually  greatly  enlarge  these 
horisontal  cracks,  by  washing  out  the  soft  mortar  or  milk  of  lime.  An  examination  of  almost  any  retaining  wall 
along  a  railroad  will  prove  this  statement.  The  writer  never  allows  his  work  to  stop  over  night,  in  cases  where 
such  leakage  would  be  objectionable. 

84.  Allowances  for  Uneyen  Settlements. — Buildings  founded  on  sand,  clay,  or  other  mate- 
rial liable  to  compress  under  the  weight  of  the  building,  should  be  designed  so  as  to  have  fairly 
uniform  loads  per  square  foot  on  the  foundations,  otherwise  one  part  of  the  building  will  settle 
more  than  the  other  parts.  A  low  or  light  building  attached  to  a  high  or  heavy  or  old  building, 
should  have  an  open  joint,  not  necessarily  exposed  to  view,  so  that  if  the  heavier  building  settles 
it  would  not  make  an  unsightly  crack  between  it  and  its  addition.  Lack  of  this,  precaution 
resulted  in  a  fine  church  breaking  away  from  a  one  story  extension  although  the  load  was 
not  over  ^  ton  per  sq.  ft.  on  the  foundation  of  either. 

In  Chicago  many  high  buildings  were  built  on  spread  footings  on  the  clay,  which  were  sometimes  carried  a 
considerable  distance  from  the  surface  by  means  of  vertical  shafts  or  open  cofferdams.  Great  care  was  exercised 
to  design  these  foundations  so  that  each  footing  under  the  building  would  have  the  same  load  per  square  foot  on 
the  clay.  But  in  spite  of  all  precautions  the  settlements  have  not  been  uniform,  varying  from  2  to  4  ft.  On 
aoooimt  of  the  trouble  which  resulted,  the  more  recent  buildings  have  been  or  are  being  carried  to  bed  rock. 

The  sinking  of  the  buildings  in  Chicago  started  long  before  the  day  of  subways,  so  the  trouble  is  liable  to  get 
worse  instead  of  better.  The  tunnel  construction  will  tmdoubtedly  continue  in  Chicago  and  all  other  large  cities 
and  every  deep  cellar  or  excavation  must  more  or  less  affect  the  ground  water  conditions  with  disastrous  results. 

After  having  tried  so  unsuccessfully  the  founding  of  buildings  of  18  and  more  stories  in  height  on  clay  in 
Chicago,  the  plan  of  driving  pile  foundations  or  better  still,  carrying  the  foundations  to  hardpan  or  bed  rock  was 
adopted  for  the  higher  buildings,  and  of  limiting  the  height  of  the  buildings  on  the  clay  foundations  to  6  or  8 
stories,  the  foundations  of  which  only  covered  about  half  of  the  area  of  the  lot  instead  of  the  whole  of  it.  When 
only  a  portion  of  the  lot  is  covered  by  foundations  in  this  material,  the  load  can  naturally  be  larger  per  square 
fbot  of  surface  covered. 

85.  Foundations  as  Regards  Character  of  Structure. 

86ck  Residences.— ^In  determining  what  load  can  safely  be  placed  on  the  foimda- 
tions  one  must  know  to  what  use  the  building  will  be  put.  For  instance,  a  country  dwelling 
would  require  very  little  spreading  of  the  foundations  assuming  an  ordinary  cellar  or  where  the 
foundations  are  deep  enough  to  be  below  the  frost  line.  If,  however,  the  ground  has  previously 
been  levelled  up  with  a  rock  fill,  on  top  of  which  more  or  less  dirt  has  been  placed,  the  rocks  may 
settle  to  a  certain  extent  due  to  soft  ground  underneath  or  to  breakage  of  the  stones  which  were 
loosely  packed,  and,  what  more  frequently  occurs,  the  rain  may  wash  the  superimposed  earth 
into  the  crevices  of  the  rock  allowing  the  residence  to  settle,  badly  cracking  the  plaster  and  wall 
paper  and  jamming  the  doors  and  windows.     This  sometimes  continues  for  many  years. 

Even  with  light  buildings,  it  is  advisable  to  see  that  the  rains  or  streams  are  not  liable 
to  draw  sand,  loam,  or  clay  from  imdemeath  or  to  soften  the  clay  by  wetting  it,  or  causing  it  to 
shrink  by  drying  it  out. 

856.  Factories. — When  near  other  buildings,  in  addition  to  the  above  require- 
ments, factory  buildings  need  to  be  ensured  against  shock  or  vibrations  from  destroying  other- 
wise perfectly  safe  foundations.  For  instance,  a  building  containing  a  gas  engine,  built  on 
silty  ground  and  having  a  large  number  of  compresol  piles  under  it,  vibrated  so  badly  that  other 
buildings  700  ft.  away  moved  as  much  as  Ke  in.,  vertically  and  horizontally  with  each  motion 
of  the  engine.  These  compresol  piles  had  been  formed  by  dropping  a  pear  shaped  weight  from  a 
pile  driver  until  a  hole  3  or  4  ft.  in  diameter  had  been  made  some  12  ft.  deep.  Occasionally 
sand,  ashes,  or  clay  were  dropped  into  the  hole  and  rammed  aside  to  keep  the  water  from 
troubling.  Finally  the  holes  were  filled  with  concrete  and  it  was  thought  that  a  shock-proof 
foundation  had  been  obtained,  but  the  very  roughness  of  the  piles  seemed  to  assist  in  transferring 
the  shock  to  the  soft  ground.  Subsequent  borings  indicated  that  an  ordinary  cofferdam 
could  have  been  carried  about  4  ft.  farther,  where  it  would  have  reached  a  much  harder  and 
more  satisfactory  material.  The  company  had  on  its  own  ground  in  just  as  convenient  a  loca- 
tion, a  site  where  this  engine  could  have  been  built  on  hard  ground  and  at  a  less  cost.  In  fact, 
the  most  feasible  way  of  remedying  the  error  would  be  to  build  an  entirely  new  engine  house 
23 
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on  the  higher  site  and  use  the  old  building  for  other  purposes,  that  is,  for  stationary  loads  which 
would  cause  no  shock  to  be  transmitted  through  the  ground. 

86c.  Churches. — Special  pains  have  to  be  taken  with  churches  which  are  often 
very  heavy  with  high  unsupported  walls  and  long  span  roof  trusses  or  arches.  The  beautiful 
and  historic  St.  Paul's  Church,  London,  England,  has  long  been  a  source  of  worry  on  account 
of  the  settling  of  the  foundations,  aggravated  by  the  construction  of  subways  which  lowered 
the  water  level,  thereby  injuriously  affecting  the  stability  of  the  clay  sub-strata. 

86(2.  City  Buildings. — The  efforts  to  economize  on  the  foundations  for  buildings 
in  Chicago  with  the  very  unsatisfactory  results  due  to  the  continual  settlement,  both  even  and 
uneven,  have  already  been  noted  in  Art.  34.  Buildings  up  to  8  or  10  stories,  as  a  rule,  would 
hardly  seem  to  justify  foundations  of  40  to  80  ft.  or  more  in  depth,  although  there  are  a  few 
buildings  in  New  York  of  from  4  to  6  stories  in  height,  above  the  curb,  which  have  pneumatic 
caisson  foundations  carried  to  bed  rock  under  them.  In  these  cases,  however,  the  work  was  so 
designed  that  many  more  floors  could  be  added  to  the  building  later  on  without  tearing  it  down 
or  adding  to  the  foundations. 

A  very  fine  cathedral,  recently  built,  had  a  foundation  on  coarse  sand,  within  a  foot  or  so  of  the  street  leveL 
The  ground  level  between  the  street  and  the  building  was  then  raised  some  3  ft.  The  towers  had  a  load  of  4 
tons  per  sq.  ft.,  while  adjacent  walls  had  only  1  ton  per  si.  ft.  The  uneven  settlements  caused  serious  cracks 
between  the  towers  and  the  walls. 

In  large  cities,  like  New  York,  one  must  not  only  consider  the  existing  structures  in  the  neighborhood,  but  also 
those  of  the  future.  In  this  respect  many  12  to  16-etory  buildings  in  New  York  were  founded  on  piles  or  on  floating 
foundations,  the  excavation  being  carried  almost  to  the  surface  of  ground  water,  with  the  result  that  excavations 
for  other  buildings  and  for  subways  have  seriously  imperiled  them  by  lowering  the  water  level. 

Wooden  piles  or  steel  shells  filled  with  concrete  will  last  indefinitely  if  kept  always  under  water,  but  will  soon 
rot  or  rust  out  if  the  water  is  withdrawn.  On  33d  St.,  New  York  City,  the  construction  of  the  Pennsylvania  R.  R. 
diverted  an  old  stream  and  left  wooden  piles  high  and  dry,  which  were  originally  30  ft.  under  water,  thus  destroy- 
ing their  value  and  making  expensive  underpinning  necessary.  Similar  results,  but  not  to  such  a  great  extent, 
have  been  noticed  in  many  parts  of  the  city.  Recently  in  lower  Broadway  where  the  material  above  the  hardpan  is 
the  so-called  New  York  quicksand,  the  water  level  suddenly  rose  9  ft.  and  then  dropped  back  10  ft.  almost  as 
suddenly.  This  high  water  caused  the  flooding  of  several  buildings  over  a  block  away.  As  this  was  the  site  of  a 
12-Btory  building  which  rested  on  the  very  fine  sand,  the  danger  can  readily  be  seen.  The  most  plausible  explana- 
tion is  that  the  ground  water  level,  which  used  to  be  from  6  to  9  ft.  above  the  high  tide  level,  had  been  lowered  by 
some  nearby  construction,  either  the  subways  or  deep  cellars,  and  that  a  broken  water  main  temporarily  raised 
the  water  to  its  old  level  only  to  be  quickly  drained  off  again.  Needless  to  say,  such  periodic  occurrences  must  be 
very  unsafe  to  the  buildings.  A  designer  of  foundations  shoxild  have  a  danger  signal  running  through  his  mind — 
Water!     Water!    Look  out  for  water! 

Every  here  and  there  skyscrapers  are  erected  with  so-called  "earth  scrapers"  under  them,  which  have  from  3 
to  4  floors  below  the  water  level,  and  it  is  very  hard  indeed  to  prevent  some  seepage  into  the  cellar  drains.  Again, 
the  subways  are  in  many  cases  below  the  water  level  and  it  will  be  only  a  question  of  time  before  the  railroads  will 
want  to  tunnel  under  the  subways  to  cross  Manhattan  from  Jersey  to  Long  island,  so  any  new  building  which  does 
not  take  into  account  the  future  changes  of  the  ground  water  level  will  probably  pay  for  the  lack  of  foresight.  It 
has  been  proposed  to  cofferdam  around  the  lower  end  of  the  city  and  to  pump  the  water  out,  which  would  surely 
have  very  interesting  results,  to  the  onlooker,  if  ever  attempted. 

Similar  results  may  be  expected  in  all  large  cities  founded  on  fine  sand  with  a  high  water  level,  or  on  clay  as  in 
Chicago,  or  on  alluvial  deposits  as  in  New  Orleans. 

As  before  siated,  sand  of  various  degrees  of  fineness  or  coarseness,  wet  or  dry,  will  carry  very  considerable 
loads — say,  from  2  to  10  tons  per  sq.  ft.---the  greater  loads  being  permissible  where  the  excavation  is  carried  to 
a  considerable  depth  below  the  surfaoe,  but  this  advantage  would  of  course  partly  disappear  if  adjoining  buildings 
were  subsequently  built  to  the  same  depth. 

The  Mimicipal  Building  in  New  York  City  has  its  tower  and  south  section  founded  on  pneumatic  caissons 
which  were  carried  112  ft.  below  the  water  level  or  143  ft.  below  the  street  level  to  bed  rock.  After  the  contract 
was  let,  borings  discloeed  the  fact  that  rock  under  the  north  end  of  the  site  was  at  very  much  greater  depths  and 
therefore  unattainable  by  pneumatic  caissons;  so  it  was  decided  to  sink  caissons  through  from. 40  to  60  ft.  of  sand, 
where  they  would  safely  carry  10  tons.  The  tower  and  south  wing  of  the  building  were  founded  on  bed  rock  at  the 
depths  stated  above.  Danger  of  slight  settlement  of  the  north  end  of  the  buildings,  which  would  catise  slight  crack*, 
was  easily  taken  care  of  by  concealed  joints  in  the  masonry  between  the  two  sections. 

Sand  makes  an  excellent  foundation  provided  the  water  level  remains  the  same,  and  as  long  as  the  sand  cannot 
escape  into  adjoining  excavations.  This  contingency  is  a  very  vital  one,  for  many  sands  which  have  various 
amounts  of  clay  mixed  with  them,  will  flow  almost  as  freely  as  water.  The  sand  under  the  Municipal  Building  is 
very  coarse  and  water  flows  through  it  very  freely,  and  it  was  found  impossible  to  lower  the  water  level  by  pumping. 

A  14-story  building  founded  on  quicksand  was  nearing  completion  when  the  pneumatic  caisson  foundations 
on  the  adjoining  lot  caused  the  north  end  of  the  li-story  building  to  settle  4  in.,  while  the  south  end  remained 
where  it  was.     The  floors  were  all  leveled  up  and  the  subsequent  tenants  never  knew  the  difference. 
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86.  Electrolysis  and  Rust. — Electrolysis  is  one  of  the  most  serious  dangeis  to  foundations 
of  modem  steel  buildings  to  be  guarded  against.  The  trouble  occurs  where  the  electric  current 
enters  or  leaves  the  building  or  where  dissimilar  metals  in  the  presence  of  water  form  an 
electric  couple.  An  example  of  this  was  shown  on  the  removal  of  some  old  brick  piers  with 
long  anchor  bolts.  Electrolysis  had  corroded  these  bolts  and  in  doing  so  had  cracked  the  brick 
piers  as  if  by  an  explosion. 

It  might  be  stated  that  in  many  large  cities  there  is  considerable  electric  current  in  the 
ground,. having  escaped  from  trolleys,  subways,  and  elevated  railroads,  especially  the  latter  in 
old  days  before  the  return  current  was  taken  care  of.  The  result  is  that  there  is  always  a  chance 
of  the  current  escaping  from  or  entering  the  buildings,  especially  when  the  fotmdations  are  under 
water.  • 

The  simplest  manner  of  taking  care  of  this  is  to  have  wires  attached  to  each  column  and 
'^grounded''  where  no  harm  can  be  done,  and  making  sure  that  the  ground  water  can  not  reach 
the  columns  or  their  bases.  This  precaution  against  electrolysis  has  unfortunately  seldom  been 
taken. 

The  writer  haa  seen  steel  girders  under  buildings  from  12  to  25  stories  high,  in  very  bad  condition  from  rusting. 
The  most  inexcusable  case  was  where  24«in.  I-beiims  and  4-f  t.  plate  girders  carrying  a  high  building  were  buried  in 
the  earth  without  any  concrete  around  them.  Needless  to  say,  there  was  no  paint  left  on  the  steel,  and  the  rusting 
was  making  rapid  progress  when  discovered,  which  was  just  in  time  to  save  the  building  by  embedding  the  beams 
and  girders  in  concrete. 

When  wrecking  the  17-story  Gillender  Building,  on  the  corner  of  Wall  and  Nassau  Btreets,  14  yr.  after  its 
erection,  it  was  noticed  that  wherever  the  concrete  was  in  direct  contact  with  the  steel  no  rusting  had  commenced, 
but  that  wherever  there  was  the  slightest  space  between  the  steel  and  concrete,  rusting  had  started  and  in  some 
places  made  rapid  progress.  This  applied  to  the  steel  columns,  girders,  and  foundations.  Base  plates  and  shim 
plates  showed  much  rust.  The  columns  rested  on  heavy  plate  girders  which  had  been  painted,  covered  with  tar 
and  embedded  in  concrete.  These  girders  showed  not  the  slightest  sign  of  rust.  Underneath  the  girders  were 
12-in.  I-beams  which  had  been  painted  and  buried  in  concrete  and  were  also  in  perfect  state  of  preservation. 

Under  the  adjoining  biuldings  were  some  14-in.  diameter  underpinning  cylinders  or  pijjes  which  had  been 
driven  to  hardpan  and  filled  with  concrete.  These  steel  pipes  had  of  course  nothing  on  the  outside  of  them — not 
even  i>aint — but  were  entirely  under  the  water  line,  in  the  sand,  and  were  found  to  be  in  a  perfect  state  of  preserva- 
tion. This  would  seem  to  indicate  that  New  York  quicksand  will  preserve  steel  from  rusting  if  it  is  not  disturbed, 
mixed  up  with  chemical  impurities,  or  subject  to  electric  currents.  It  might  be  remarked  here  that  the  concrete 
only  extended  to  within  about  2  ft.  of  the  bottom  of  the  14-in.  underpinning  pipes  or  cylinders  which  had  been 
jacked  down  under  the  buildings,  and  that  the  wiiter  has  never  seen  a  case  yet  where  it  was  possible  to  get  all  the 
sand  out  of  the  pipes.  In  some  cases,  more  or  less  gravel  remained  in  the  pipes.  This  means  that  the  foundation 
of  the  pipes  has  all  the  bearing  on  the  steel  shell,  and  that  if  the  friction  on  the  shell  is  reduced,  the  pipe  will  cut 
into  the  hardpan  or  sand  and  .cause  some  settlement.     This  has  happened  a  number  of  times. 

87.  Foundations  Partly  on  Rock. — Sometimes  it  is  necessary  but  never  desirable  to  have 
part  of  the  foundations  on  bed  rock  and  part  on  sand,  clay,  or  mud.  Whenever  this  is  the 
case,  the  building  should  be  so  designed  that  a  settlement  in  the  softer  material  will  not  crack 
walls,  plaster,  paper,  etc.  In  many  cases  the  bulk  of  the  settlement  will  occur  during  construc- 
tion, and  the  balance  can  be  taken  up  by  the  blind  joints  in  the  walls,  etc. 

If  the  building  is  to  be  subject  to  vibration  from  machinery,  etc.,  serious  trouble  will  result,  unless  separate 
foundations  either  entirely  on  or  entirely  off  the  rock  can  be  secured  for  the  machinery.  Some  years  ago  a  building 
was  erected  facing  an  elevated  railroad,  with  the  front  of  the  building  on  sand  and  the  rear  on  ledge.  The  owner 
sued  the  elevated  for  damage  to  his  building.  It  is  doubtful  if  he  could  have  recovered  damage  even  if  his  house 
had  been  built  first  instead  of  after  the  railroad,  as  was  the  case. 

83.  Teredo. — Any  structure  with  a  foundation  resting  on  wood  in  salt  water  must  be  pro- 
tected from  the  teredo  and  limnoria.  Both  of  these  borers  have  cut  off  piles  45  ft.  under  water,  in 
Fall  River,  Mass.,  although  the  piles  were  only  150  ft.  from  a  small  sewer.  Two  years  after 
erection,  these  piles  had  been  completely  eaten  through  allowing  the  bridge  pier  to  drop  2  ft. 
over  night.  It  will  be  noted  that  these  animals  started  work  45  ft.  below  the  water  although 
they  are  only  supposed  to  start  between  high  and  low  tide.  At  present,  the  harbors  of  such  cities 
as  New  York  and  Philadelphia  are  too  polluted  with  sewage  to  permit  teredo  or  limnoria  to 
live,  but  some  day  the  sewage  will  be  diverted  and  used  as  fertilizer,  and  then  the  damage  will 
begin.  The  teredo  and  limnoria  are  found  in  many  places  on  Long  Island  Sound  as  well  as  on  the 
coast. 
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89.  Eccentric  Loading. — When  heavy  walls  have  been  built  on  the  property  lines  it  has 
been  the  custom  to  spread  the  base  on  the  inside  of  the  building  only,  thus  having  a  much 
greater  load  on  the  outside  of  the  base  than  on  the  inside.  The  only  defense  for  such  design 
is  that  it  has  been  much  used.  It  would  be  very  much  better  to  carry  the  foundation  deeper 
and  use  higher  unit  loads,  or  to  use  piles  or  caissons. 

One  disadvantase  of  eccentric  loading  of  this  kind  developed  when  it  was  neceeeary  to  underpin  with  3-ft. 
diameter  cylinders,  old  walls  having  a  base  of  10  to  12  ft.  in  width.  The  cylinders  were,  of  couree,  placed 
directly  under  the  wall  or  the  outside  of  the  base,  leaving  7  to  9  it.  of  the  base  overhanging  the  underpinninie 
cylinders.  Another  disadvantage  is  that  these  eccentric  bases  take  up  an  enormous  amount  of  cellar  room.  It 
would  often  be  cheaper  to  get  deeper  and  better  foundations  even  without  allowing  anything  for  the  rental 
value  of  the  space  saved  or  lost. 

40.  Cantilever  Construction. — Eccentric  or  wide  footings  with  the  walls  carried  on  one  side 
making  the  pressure  so  much  greater  on  the  outside  of  the  footing  than  on  the  inside,  are  ob- 
viously incorrect  in  principle  and  unsafe  on  soft  grounds.  A  much  better  arrangement  is  a 
system  of  cantilevers.  This  simply  means  placing  a  cantilever  from  the  outer  column  base  to 
one  of  the  interior  bases  so  that  the  cantilever  girders  or  beams  will  have  a  bearing  on  the  center 
of  both  bases,  be  they  spread  footings,  cofferdams  filled  with  concrete,  caissons,  or  piles. 

The  cantilever  will  thus  support  the  outer  column  with  a  short  leverage  arm,  usually  not 
over  a  few  feet,  and  as  the  inner  arm  of  the  cantilever  will  be  held  down  by  the  interior  column, 
the  anchor  arm  leverage  is  generally  from  5  to  10  times  the  overhanging  leverage,  so  the  plaii 
is  simple  and  safe  as  long  as  the  girders  or  beams  are  protected  from  rust  and  electrolysis. 

On  soft  ground,  exactness  ia  required  in  this  design,  but  in  some  cases  where  the  concrete  caissons  form  a 
continuous  wall  around  the  lot,  and  are  carried  to  bed  rock  or  good  hardpan,  the  cantilever  girders  might  be  con- 
siderably cut  down  on  the  assumption  (1)  that  the  concrete  caisson  would  distribute  much  of  the  weight  over  the 
base  many  feet  below  the  column;  and  (2)  that  the  strength  of  the  concrete  caisson  ia  really  so  much  greater  than 
assumed,  that  it  would  safely  carry  the  load  without  overturning  or  crushing. 

When  the  foundation  rests  on  clay  or  sand,  it  b  often  customary  to  use  combined  footings 
(see  Art.  50). 

41.  Bearing  Pressure,  Gross  and  Net. — When  the  foundations  are  comparatively  near  the 
surface  of  the  ground,  the  total  or  gross  pressure  only  need  be  considered;  but  in  some  cases  of 
very  expensive  foundations,  it  is  customary  to  allow  for  the  surrounding  earth,  or  water,  or 
earth  and  water  pressure  combined,  to  deduct  this  from  the  gross  pressure,  and  call  the  result 
the  net  pressure.  For  instance,  if  the  excavation  has  been  carried  to.a  considerable  depth,  the 
probabilities  are  that  the  material  founded  on  would  not  be  compressed  and  could  not  be  squeezed 
out  without  lifting  the  surrounding  material.  If  the  depth  were  100  ft.  and  the  material  water, 
the  amount  to  be  deducted  would  be  6200  lb.,  or  say,  3  tons  per  sq.  ft.  If  in  earth  and  water, 
the  amounts  to  be  deducted  might  be  60  %  more  than  this. 

Some  consider  deducting  for  the  friction  of  the  earth  on  the  side  of  the  pier  but  this  is  too  unoertun  an  item 
to  be  relied  upon,  and  excavation  on  adjoining  property  might  reduce  this  friction  to  almost  nothing.  Friction 
on  the  sides  of  caissons  has  been  accurately  calculated  and  varied  on  one  job  from  30  to  650  lb.  per  sq.  ft.  of  surface. 

42.  Wooden  Pile  Foundations. — Wooden  piles  have,  up  to  this  date,  been  used  much  more 
than  other  kinds  of  piles,  and  vary  all  the  way  from  a  3-f t.  block  to  a  90-ft.  pole.  In  some  cases, 
a  hole  is  dug  2  or  3  ft.  deep  and  a  pile  is  placed  in  the  hole  with  its  big  end  down.  But  it  seems 
foolish,  in  such  a  case,  not  to  enlarge  the  hole  so  that  a  mud  sill  can  be  put  under  the  pile,  which 
is,  in  this  case,  really  a  post.  Failure  to  use  such  mud  sills  has  resulted  in  a  bad  collapse  in 
many  places. 

Probably  the  shortest  driven  piles,  for  an  important  building,  were  those  under  the  Campanile  in  Italy.  These 
were  only  about  3  ft.  long  and  were  used  to  compress  the  soiL  As  subsequently  proved,  longer  piles  there  would 
have  broken  through  into  the  water-bearing  soil  and  caused  much  damage. 

42a.  Frictional  Resistance. — Wooden  piles  generally  depend  on  the  frictional 
resistance  of  the  ground  since  a  pile  would  not  have  very  much  strength  as  a  long  column,  even 
if  resting  on  rock.  Piles  are  simply  long  straight  trees  driven,  of  course,  with  the  small  end 
down  and  the  small  end  is  often  not  more  than  4  or  5  in.  in  diameter. 
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The  frictional  reeietuice  of  a  pile  varies  very  greatly  according  to  the  material  driven 
through  and  the  quality  of  the  timhei  itself.  The  only  safe  proceeding  in  a  strange  locality 
is  to  drive  a  few  piles  and  put  a.  test  load  on  them. 

If  water  ia  withdrawn  from  piles,  the  frictional  resistance  is  apt  to  be  destroyed. 

t3b.  Safe  Load. — The  Building  Laws  of  most  cities  specify  that  the  maximum 
load  allowed  on  a  wooden  pile  shall  be  20  tons  (New  York  City  and  others)  while  a  few  allow 
25  tons  or  even  a  little  more. 

All  books  on  pile  driving  give  a  drop  hammer  test  for  aacertaining  the  safe  load  to  allow  on 
piles,  and  the  favorite  formulae  are  those  of  Wellington,  former  Editor-in-Chief  of  the  Eng. 
If  em*.     They  are: 

For  a  pile  driven  with  a  drop  hammer,  P  =     .  , 

For  a  pile  driven  with  a  steam  hammer,  P  =      ,   „  ,■ 
in  which  P  is  the  safe  load  in  pounds,  W  the  weight  of  hammer  in  pounds,  ft  the  fall  of  hammer  in 
feet,  and  i  the  penetration  or  sinking  in  inches  under  the  last  blow,  on  sound  wood. 

ovsr  drivins  than  by  w.ar  othar  ekuM.  Over  mnd  over  nisin.  wheo  ■  caotrictoi  kaawa  peifsctly  wall  that  the 
penatratioD  of  &  pUa  tuA  b«cn  aulfici«Dt,  ha  bu  baen  told  by  loma  younc  wall  meuiiDB  inipector  who  ia  makintf 
use  of  ana  ol  Ibe  above  formulas,  that  ha  muat  keep  on  drivios.  wheo  all  of  ■  BuddsD,  a  few  blowB  of  a  hammer 
■eada  the  pile  down  anywhere  (rom  3  to  8  ft.  Then  the  iaspector  joyfully  BiclaLms,  "There,  you  were  on  a  thin 
■  tiaU  which  you  have  broken  throush;  now  keep  on  drivinc  until  you  reaoh  a  hardbctCam."  But  what  hu  really 
happened  U  that  the  pile  haa  been  broken,  iplit,  □rbuahad,  ofUn  in  lueh  away  aa  to  make  it  absolutely  uaeleaaaaa 
pile  (aaa  Pica.  31  and  32).  Some  pileg  which  ware  hi  butchered  in  Back  Bay,  Boston,  and  at 
and  photo«raphad  lookad  more  like  a  lot  of  hemp  than  pieoea  of  timber. 


Fia.  31. — Filai,  ghowinc  rnult  of  too  much  driviug.  Fia,  33, — Piles,  ihowins  leanlt  of  too  much  driving. 

The  Bng.  Nea;  Jan.  11.  ISOe.  ha*  an  iUuatrated  artiel 
warda  removed  ahowinc  that  38%  of  the  pilei  (oak)  had  bi 
aplit.  aeme  broken,  and  aome  bushed,  while  many  had  no  bearing  value  left. 

concrete  nould  probably  be  better.  When  ueed  in  soft  ground,  the  pile  should  be  driven  until  the  frietionsi  re- 
aiatancaisBuffleiant  to  bold.  BOy  SO  tona.  or  until  a  harder  atrsta  has  been  reached.  The  depth  of  ths  harder  atrat* 
ahould  be  determined  by  boringa  and  teats, 

driven,  capped,  allowed  to  aUnd  for  s  week  or  ao,  and  then  toated.  For  inatanca.  at  Perth  Amboy,  BO-ft.  pilaa 
were  driven  Ithe  at«am  hammer  followed  the  pile  30  Ft.  under  water)  in  A  min..  without  reftehing  any  harder  ma- 
terial.    Then  a  teat  load  of  100  tona  was  plaaed  on  four  o(  thaae  piles  (10  tone  on  each)  which  had  bean  properly 

In  eaaes  where  hardpan  or  other  impenetrable  atrata  eiiata  within  driving  distance,  a  water-Jet  pipe  ahould  be 
put  down  for  each  pile,  ao  that  the  length  to  be  driven  will  be  known  before  atarting. 

tie.  Spainng  of  Piles. — The  beet  spacing  for  wooden  piles  under  buildings  ia 
3  ft.,  center  to  center.    This  does  not  api^y  to  bents  for  railroad  trestles  where  the  spacing  >> 
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usually  greater.     To  put  piles  much  closer  than  this  is  to  destroy  the  frictional  resistance  and 
sometimes  to  disturb  the  ground  to  such  an  extent  that  piles,  previously  driven,  are  forced  up. 

Close  siMUsing  was  adopted  under  the  Park  Row  Buildinst  New  York,  with  the  result  that  it  was  found  im- 
possible, with  the  hammer,  etc.,  used,  to  drive  the  piles  as  far  as  expected  and  10  or  15  ft.  or  more  were  cut  c^ 
the  top  of  many  of  the  piles,  which  were 'none  too  long  to  start  with.  And,  in  addition,  some  groups  of  piles  were 
noticeably  out  of  plumb. 

In  another  case,  the  owner  and  contractor  were  so  sure  that  the  piles  under  their  building  were  driven  to  hard- 
pan  that  they  were  quite  confident  of  the  safety  of  their  building,  but  the  first  caissons  on  the  adjoining  lot  dis- 
closed the  fact  that  the  piles  were  not  only  not  plumb,  but  were  also  not  within  15  ft.  of  the  hardpan.  The  owner 
of  the  old  building  paid  many  thousands  of  dollars  to  have  his  structure  underpinned  safely. 

42d.  Cutting  Off  Piles. — Wood,  when  wholly  under  water,  has  remained  per 
fectly  sound  for  centuries,  but  if  wet  and  dry  alternately,  will  soon  be  destroyed.  Consequently 
piles  should  be  cut  off  so  that  they  will  always  be  under  water.  If  wood  caps  are  used,  the  caps 
also  should  be  permanently  under  water. 

The  difficulty  is  to  ascertain  the  lowest  probable  elevation  of  water.  For  instance,  in  New  York  Ci^  in  many 
places  the  ground  water  stands  from  6  to  9  ft.  above  high  tide.  New  excavations  are  apt  to  lower  and  have  lowered 
this  level,  at  least  temporarily,  even  below  the  high  tide  level.  (Since  the  above  was  written,  the  ground  water 
level  has  been  found  to  be  2  ft.  below  the  high  tide  level.)  In  one  case,  the  piles  were  driven  in  the  bed  of  an 
old  creek,  still  running  under  ground,  and  a  tunnel  permanently  lowered  the  water  level  34  ft.  A  great  many 
similar  oases  could  be  cited. 

42e.  Capping  Piles. — In  early  days,  the  ordinary  cap  for  a  pile  was  of  wood  or 
stone.  Now,  however,  wherever  concrete  can  be  readily  made,  it  is  by  far  the  best  material  for 
capping  wood  or  concrete  piles.  It  is  stronger,  does  not  rust  out,  and  if  necessary,  can  be 
strengthened  by  reinforcing  with  steel.     It  is  abo  a  protection  against  the  teredo  and  limnoria. 

42/.  Kind  of  Wood  for  Piles. — The  kind  of  wood  used  for  piles  will  generally  be 
determined  by  what  is  most  easily  obtained  and  by  the  cost.  Fine,  hemlock,  spruce,  and  many 
soft  woods  make  admirable  piles.  Cedar,  hickory,  oak,  etc.,  are,  of  course,  much  tougher  and 
more  durable,  and  therefore  desirable  when  they  can  be  obtained  of  proper  lengths  and  at 
reasonable  cost. 

i2g.  Size  of  Piles. — The  size  of  piles  depends  entirely  on  the  character  of  the 
structure,  material  at  hand,  etc.  The  most  common  requirement  for  building  purposes  is  given 
by  the  New  York  Building  Laws,  which  specify  that  the  diameter  at  the  point  shall  be  not  less 
than  6  in.  and  at  the  butt  10  in.  for  piles  not  over  25  ft.  long,  and  12-in.  diameter  at  the  butt 
for  piles  over  this  length. 

42^  Water  Jet — In  some  soils,  like  New  York  quicksand,  it  is  a  great  advan- 
tage to  water  jet  the  site  of  each  pile  and  even  to  work  a  jet  pipe  (ordinary  gas  pipe  through  which 
water  is  forced  under  pressure)  up  and  down  as  the  pile  is  being  driven.  In  such  a  soil,  the 
driving  is  greatly  facilitated,  and  the  disturbance  to  the  adjoining  soil  much  reduced.  While 
the  pile  is  thus  easily  forced  down,  the  material  flows  back  and  binds  or  sticks  to  the  wood, 
increasing  the  frictional  resistance  enormously.  In  solids  where,  on  the  contrary,  the  water 
jet  would  merely  make  a  hole  which  would  not  fill  itself  up  again,  the  jetting  would  not  be 
desirable. 

42i\  Advantages  of  Wood  Piles. — Wood  for  permanent  piles  should  be  used  only 
where  it  will  always  be  under  water,  in  which  condition  it  will  practically  last  forever,  and  if 
properly  designed  and  driven, will  afford  an  absolutely  safe  foundation.  But  as  wooden  piles 
should  and  do  depend  mainly  on  the  frictional  resistance  of  the  ground,  any  withdrawal  of  the 
ground  water  will  not  only  cause  the  wood  to  rot,  but  would  also  remove  the  greater  part  of  its 
sustaining  capacity. 

One  very  important  advantage  wood  has  over  steel  or  concrete  for  piles  is  '' safety  in  num- 
bers"— ^that  is,  as  a  wooden  pile  is  supposed  to  carry  only  about  20  tons,  which  is  the  proper 
working  limit,  a  number  of  piles  are  used  for  each  support,  so  if  one  pile  of  the  group  is  out  of 
plumb,  or  broken,  or  bushed,  the  foundation  will  still  be  safe;  whereas,  if  only  two  or  three 
piles  of  the  stronger  materialB  are  used,  a  defect  in  one  or  two  of  them  would  jeopardize  the 
safety  of  the  structure. 
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Wooden  piles,  at  present  at  least,  in  most  places,  are  cheaper  than  concrete  or  steel  piles, 
although  concrete  is  usually  cheaper  than  the  same  volume  of  wood. 

48.  Concrete-pile  Foundations. — Concrete  piles  may  be  divided  roughly  into  two  classes — 
"pre-cast"  and  "made  in  place" — and  they  may  be  reinforced  or  not,  though  pre-cast  piles 
always  should  be  and  probably  always  are. 

The  advantages  of  concrete  piles  are  their  great  strength  and  durability.  They  are 
practically  free  from  danger  of  deterioration  if  wholly  in  the  groimd  and  cannot  be  attacked 
by  the  teredo  or  other  borers. 

If  used  in  harbors  and  extended  above  the  low  water  lines,  the  chief  trouble  is  weathering 
from  frost,  chemical  action,  etc.  The  trouble  from  chemical  reaction  increases  as  the  climate 
becomes  warmer — ^that  is,  in  tropical  climates.  Freezing  is  much  more  apt  to  destroy  piles  which 
have  less  cement  than  one  part  cement  to  two  parts  of  sand,  which  proportion  is  required  to 
ensure  the  voids  of  the  sand  being  filled  with  cement. 

One  disadvantage  of  these  piles  is  the  practice  of  allowing  very  much  greater  loads  on  concrete  than  on  wood* 
thereby  reducing  the  number  of  piles  used.  For  instance,  a  good  structural  steel  designer  knows  that  two  rivets  do 
not  make  an  ideal  joint  for  there  always  ought  to  be  at  least  two  bolts  to  hold  the  shapes  together,  while  a  rivet  is 
being  driven  in  the  third  hole.  Similarly,  the  writer  does  not  consider  that  two  piles  will  ever  be  a  good  design  for 
column  footing,  for  in  this  case,  if  one  pile  is  out  of  plumb  (and  it  is  hard  matter  indeed  to  drive  piles  plumb  or  to 
detect  a  deflection),  then  a  very  unsafe  condition  may  exist  without  being  even  suspected;  whereas,  with  a  large 
number  of  piles  in  the  unit,  if  a  few  were  out  of  plumb  and  in  different  directions,  they  would  simply  act  as  batter 
piles  and  strengthen  the  foundation  unless,  as  unfortunately  sometimes  ocoura,  they  all  assume  the  same  batter  in 
the  same  direction. 

Another  disadvantage  of  concrete  and  steel  piles  is  that  the  smooth  surfaces  do  not  afford  the  same  friotional 
resistances  as  wood,  and  more  reliance  is  placed  on  their  value  as  long  or  short  columns,  so  they  would  have  to  be 
fairly  long  to  obtain  enough  frictional  resistance  to  develop  the  full  strength  of  the  reinforced  concrete. 

To  act  as  columns,  piles  should  have  a  fair  bearing  on  the  bottom,  and  as  they  are  usually  made  flat  instead  of 
pointed,  this  means  that  if  a  pile  is  driven  to  hardpan  or  gravel  and  boulders,  etc.,  it  would  very  likely  strike  a  boul- 
der <Mi  one  side.  This  might  result  in  breaking  off  one  or  more  corners  of  the  pile,  or  in  deflecting  the  pile  itself,  in 
which  case,  it  might  even  break  the  pile,  as  has  frequently  happened  with  wooden  piles.  With  only  two  or  three 
piles  under  a  column  and  one  or  two  of  them  battered  or  resting  partly  on  a  boulder,  the  frictional  resistance  might 
be  sufficient  to  hold  the  building  until  some  adjoining  excavation  withdrew  the  water,  thereby  removing  the  adhe- 
sion of  the  soil  to  the  pile  with  a  resulting  settlement  of  the  building.  These  are  not  imaginary  conditions  but  those 
that  have  been  known  to  occur  over  and  over  again  with  wooden  piles. 

It  might  be  noted  here  that  boulders  in  New  York  hardpan  are  sometimes  as  much  as  7  ft.  thick  so  they  could 
not  be  displaced  by  the  driving  of  the  pile  or  pipe. 

43a.  Pre-cast  Piles. — Pre-cast  piles  are  reinforced  with  steel  rods  and  are  of  rich 
concrete  and  are  then  driven  like  wooden  piles.  The  New  York  Building  Laws  stipulate  that 
'Hhe  pile  shall  be  not  less  than  8  in.  at  the  bottom  and  not  average  less  than  12  in.  in  thickness; 
shall  not  contain  more  than  4  %  of  steel  reinforcement;  that  the  length  sh&U  not  exceed  20 
times  the  average  thickness,  if  driven  to  rock,  nor  40  times  if  not  driven  to  rock." 

"When  driven  to  rock,  the  allowable  load  shall  not  exceed  500  lb.  per  sq.  in.  of  concrete  per 
average  cross  section,  and  6000  lb.  per  sq.  in.  on  the  steel  longitudinal  reinforcement.  When  not 
driven  to  rock,  the  canning  capacity  is  to  be  determined  by  test." 

The  New  York  Building  Laws  also  require  that  if  a  pile  is  to  be  driven  to  rook,  it  shall  have  an  iron  shoe.  If 
the  iron  shoe  has  a  flat  bottom  8  in.  wide,  then  the  probabilities  are  that  only  one  point  would  bear  on  the  rock,  as 
bed  rock  cannot  be  assumed  to  be  level.  If,  on  the  other  hand,  it  has  a  pointed  shoe,  there  would  be  danger  of  the 
shoe  hitting  a  rock  or  boulder  and  deflecting  the  pile. 

One  of  the  advantages  of  a  pre-cast  concrete  pile  is  that  it  can  be  made  of  uniformly  varied  cross  section  as 
required,  while  a  wooden  pile  cannot  often  be  found  so. 

In  the  navy  supply  warehouse  in  Brooklyn,  which  consists  of  vast  reinforced  concrete  buildings  resting  on  fine 
concrete  piles,  no  borings  were  made  to  ascertain  the  nature  of  the  subsoil  before  driving  the  piles,  with  the  result 
that  the  buildings  settled  some  15  in.,  requiring  the  underpinning  of  the  new  reinforced  concrete  building. 

4S&.  Piles  Built  in  Place — Raymond  PUe, — The  Baymond  pile  is  formed  by 
driving  a  steel  shell  into  the  ground  on  a  mandrel  that  can  be  collapsed  and  withdrawn. 
Then  the  hole  is  filled  with  concrete — reinforced,  or  not,  as  desired.  The  permanent  steel 
shell  used  outside  of  the  mandrel  has  the  great  advantage  of  preventing  any  sand  from  flowing 
in  as  the  mandrel  is  withdrawn. 
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The  Simplex  Pile. — The  Simplex  pile  is  made  by  driving  down  a  closed  steel  pipe' and  with- 
drawing it  while  concrete  is  forced  out  at  the  bottom. 

Pedestal  Piles, — Pedestal  piles  are  supposed  to  have  a  spread  footing  obtained  by  driving 
the  concrete  out  at  the  bottom  of  the  shaft,  at  the  same  time  compressing  the  surrounding  soil. 

Chenotoeth  Pile. — A  Chenoweth  pile  is  made  by  spreading  mortar  over  a  wire  mesh  and  tken 
rolling  the  wet  mass  into  the  shape  of  a  pile  which,  after  setting,  is  placed  in  an  ordinary  pile 
driver. 

Breuchattd  Pile. — The  Breuchaud  pile  consists  of  driving  an  open  steel  pipe  into  the 
ground,  washing  out  the  sand  or  blowing  it  out  by  air  pressure,  and  then  filling  the  pipe  with 
concrete.  If  the  steel  is  always  under  water,  it  will  never  rust  out  and  the  pipe  can  be  filled 
with  good  concrete  almost  to  the  bottom. 

CompresoL  Pile, — A  compresol  pile  is  formed  by  making  a  hole  in  the  ground  with  a  pear 
shaped  weight  operated  by  a  pile  driver,  and  tamping  concrete  in  the  hole. 

41.  Sand-pile  Foundations. — Sand  piles  are  hardly  to  be  recommended,  as  a  more  reliable 
foundation  can  nearly  always  be  obtained.  They  simply  consist  of  making  holes  in  the  ground 
by  means  of  a  wooden  pile  or  some  other  method,  and  then  ramming  sand  into  the  hole. 
The  French  probably  originated  this  method  and  found  it  desirable  before  the  days  of  good 
cheap  Portland  cement  concrete. 

46.  Bzcavating. — When  making  excavations  for  foundations  above  the  water  line,  the 
amount  of  bracing  required  will  depend  entirely  on  the  judgment  of  the  man  in  charge.  The 
older  or  more  experienced  men  are  apt  to  use  the  heavier  bracing. 

In  a  rush  job  in  Brooklyn,  once  the  writer  saw  a  contractor  dig  holes  5  or  6  ft.  square,  some  12  to  15  ft.  deep, 
almost  plumb  sides,  without  any  timbering  or  shoring  of  any  kind;  but  while  it  was  in  good  stiff  ground  (6lay,  sand, 
and  boulders)  it  was  taking  a  big  risk  for  the  slightest  slide  would  have  killed  the  men  in  the  bottom  of  the  shaft. 

In  a  few  cases,  it  might  pay  to  excavate  to  depths  of,  say  5  or  0  ft.,  by  sloping  the  sides  and  then  back  filling 
instead  of  timbering.    As  a  rule,  however,  if  the  ground  is  at  all  soft,  it  will  pay  to  timber  the  sides. 

46a.  Wooden  Sheet-piling. — The  old  method  was  to  set  1  or  2-in.  planks,  and 
as  the  men  excavated,  to  drive  these  planks  into  the  groimd,  holding  them  in  place  with  rec- 
tangular bracing.  These  planks  were  usually  6  to  8  ft.  long,  and  when  they  had  been  driven, 
a  fresh  set  was  started  inside  (about  6  or  8  in.,  according  to  the  size  of  the  bracing  timbers)  and 
so  on  down,  the  hole  not  only  getting  smaller  and  smaller  as  each  tier  of  plank  was  driven, 
but  also  very  often  being  forced  out  of  line.  This  was  generally  a  haphazard  method  and  often 
it  was  not  known  how  far  the  excavation  was  to  be  carried  when  it  started. 

Nowadays,  the  best  practice  is  to  ascertain,  by  borings,  etc.,  just  how  far  the  sheeting  is  to 
be  driven  and  then  driving  it  in  one  length,  properly  braced.  The  thickness  of  this  sheeting  will 
depend  entirely  on  the  nature  of  the  ground  and  the  depth  required.  For  holes  up  to  10  ft., 
from  2  to  3-in.  plank  will  usually  be  sufficient;  with  from  6  to  8-in.  plank,  up  to  about  20  ft. 

In  the  Har]em  River  tunnel,  three  12  X  12-in.  timbers  were  bolted  together  with  a  tongue  on  one  of  the  outside 
timbers  made  of  a  3  X  4-in.  timber  and  a  corresponding  groove  on  the  other  outside  12  X  12  made  of  two  3  X  4-in. 
timbers;  each  pile  being  12  X  36  in.  by  about  40  ft.  long.  On  account  of  the  bolting,  the  pile  driver  was  able  to 
force  3  ft.  of  horisontal  sheet  piling  down  at  a  time.  These  were  driven  about  40  ft.  under  the  water  and.  after 
the  roof  of  the  tunnel  had  been  sunk  on  two  lines  of  this  sheeting,  compressed  air  was  used  to  enable  the  excavation 
to  be  completed.  Tliis  piling  is  known  as  the  Wakefield  sheet-piling  and  is  nothing  more  than  a  built-up  tongue 
and  groove  sheeting.  The  original  Wakefield  sheeting  consisted  of  bolting  three  planks  together  in  such  a  way  that 
the  center  plank  formed  a  tongue  at  one  side  and  the  other  two  a  groove. 

In  some  cases,  12  X  12-in.  sheeting  driven  for  a  30-ft.  excavation,  and  heavily  braced  every  8  ft.  horisontaUy 
and  from  3  ft.  (at  the  bottom)  to  5  ft.  (at  the  top)  vertically,  have  been  badly  distorted,  sometimes  being  shoved  in 
2  or  3  ft.,  the  bracing  timbers  cutting  into  each  other. 

Generally,  where  the  worst  damage  occurs,  the  excavated  material  is  more  or  less  plastic  and  is  dumped  right 
outside  of  the  cofferdam.  Every  bucket  of  soft  material  dumped  seems  to  act  like  b,  hydraulic  ram  with  accuiAula- 
tive  action,  until  no  amount  of  bracing  will  stand  the  strain.  It  always  pasrs  to  have  a  reasonable  excess  strength 
in  the  sheeting  and  bracing,  and  to  avoid  dumping  too  much  of  the  excavated  material  outside  of  the  cofferdam. 

ASh,  Steel  Sheet-piling. — In  recent  years,  many  different  kinds  of  interlocking 
steel  sheet-piling  have  been  used  successfully.     This  kind  of  sheeting  was  first  tried  out  in 
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Chicago  by  Friestedt,  Jackson,  and  others.    It  works  to  its  best  advantage  in  soft  materiali 
clay,  sand,  etc.,  where  it  can  be  assisted  by  the  water  jet,  if  necessary. 

Steel  sheeting  is  not  adapted  to  hard  ground  containing  boulders,  etc.,  unless  the  excava- 
tion can  precede  the  driving.  In  Brooklyn,  some  very  heavy  steel  sheeting  was  driven  for  a 
dry  dock  and  after  a  failure,  was  abandoned  and  the  work  completed  by  pneumatic  caissons. 
The  steel  sheet-piling,  when  removed  by  the  caisson  work,  was  found  to  have  been  twisted  and 
rolled  up  until  it  would  have  been  hard  to  guess  as  to  the  original  shape. 

Sometunes,  aheetppUmg  is  driven  in  double  line*  as  much  as  25  ft.  apart,  and  the  space  between  filled  with  sand, 
olay,  etc.,  to  make  a  water-ticht  cofferdam.  In  this  case,  the  piling  is  driven  in  a  series  of  half  circles  tied  together, 
giving  a  strength  that  could  never  be  obtained  by  parallel  lines.  This  plan  was  adopted  by  General  Black  for  rais- 
ing the  Maine;  then  used  by  his  son  for  the  dam  in  the  Hudson  River  near  Troy.  It  was  also  used  for  the  big  docks 
in  New  York  City  at  46th  St.  and  Harlem  River.     These  oases  have  been  illustrated  in  the  Eng,  New. 

46c.  Poling  Board  Method. — In  Chicago  many  shafts  have  been  sunk  by  the 
vertical  poling  board  method — ^that  is,  inserting  the  lining,  timber  or  steel,  as  the  shaft  is 
excavated.  This  is  like  constructing  a  tunnel  vertically,  and  has  been  carried  as  deep  as  100 
ft. 

46d.  Cofferdams. — Cofferdams  are  generally  constructed  by  driving  steel  or 
wooden  sheeting  in  advance  of  the  excavation,  or  simultaneously  with  it,  and  inserting  sufficient 
bracing  to  keep  the  sheeting  in  place.  The  amount  of  this  bracing  is  often  seriously  under-es- 
timated, with  the  result  that  the  sides  are  bulged  in  from  2  to  5  ft.,  and  much  trouble  follows. 
Open  cofferdams  are  rarely  used  where  the  water  is  over  30  ft.  deep,  as  pneumatic  caissons 
would  generally  be  more  economical. 

A  common  construction  is  to  have  double  walls  and  pack  mixtures  of  clay,  gravel,  etc., 
between  the  walls.  But  when  a  leak  starts  under  these  walls  it  is  very  hard  to  stop.  Where 
the  current  is  not  too  strong,  much  earth  has  been  dumped  outside  of  the  cofferdams  in  an 
endeavor  to  stop  the  fbw  of  water. 

Open  cofferdams  were  tried  in  19  ft.  of  water  where  there  was  practically  no  earth  or  mud  on  top  (rf  the  rook, 
but  were  abandoned  for  pneumatic  caissons  which  proved  to  be  cheaper  and  quicker.  In  other  places  where  the 
cofferdams  could  not  be  made  water-tight,  5  ft.  of  concrete  was  dumped  under  water,  and  after  the  concrete  had  set 
for  a  couple  of  weeks,  the  cofferdams  were  pumped  out,  and  the  rest  of  the  work  was  done  in  the  dry.  Unfortu- 
nately, in  many  oases  suoh  concrete  seems  to  set  hard  except  around  the  edges,  where  it  is  really  needed,  and  the 
cofferdams  still  leak. 

45e.  Pneumatic  Caissons. — Caisson  comes  from  the  French  word  "caisse," 
a  box,  and  in  foundation  work  a  pneumatic  caisson  has  four  sides  (or  it  may  be  circular)  and  a 
roof,  but  no  bottom.  The  roof  has  one  or  more  holes  for  shafts,  usually  about  3  ft.  in  diameter, 
for  the  passage  of  men  or  material  from  the  outer  air  into  the  working  chamber.  An  air  lock 
prevents  the  air  pressure  in  the  working  chamber  from  being  seriously  reduced  while  men  or 
material  are  passing  in  or  out. 

The  air  pressure  in  the  working  chamber  is  kept  just  high  enough  to  balance  the  water 
pressure.  If  the  air  pressure  is  too  high,  it  blows  out  and  allows  the  water,  sand,  etc.,  to  rush  in, 
while  if  the  air  pressure  is  too  low,  the  water  rushes  in,  drowns  the  men,  and  probably  fills  the 
working  chamber  with  mud,  etc.  A  cubic  foot  of  water  weighs  about  62.5  lb.,  giving  a  pressure 
on  its  base  of  0.434  lb.  per  sq.in.  If  the  water  is  10  ft.  deep,  the  air  pressure  required  will  be 
4.34  lb.  per  sq.  in.  If  100  ft.  deep,  it  will  be  43.3  lb.  per  sq.  in.,  which  is  nearly  the  limit  of 
human  endurance. 

For  the  Municipal  Building  of  New  York  City,  the  maximum  preusure  actually  worked  in  was  49  to  50  lb.,  at 
a  depth  of  112  ft.  French  experiments  have  raised  the  pressure  in  a  specially  constructed  glass  cage  to  75  lb.  per 
sq.  in.,  keeping  the  men  who  did  no  work,  under  close  personal  observation. 

I'he  first  very  large  caissons  built  in  this  country  were  of  massive  wooden  construction  having  wooden  decks 
10  ft.  thick.  Subsequent  designers  even  used  oak  decks  (roofs  of  caisson)  10  or  12  ft.  or  more  in  thickness.  Later 
wooden  caissons  have  been  built  with  decks  3  ft.  thick  and  finally  only  1  ft.  Complete  designs  for  the  wooden 
caisson  used  for  the  extension  of  the  Manhattan  Life  Building  were  given  in  the  Trans.  Can.  Soc.  C.  E.  vol.  XXIII, 
1909.  pp.  32&-341. 

The  first  high  building  to  be  founded  on  pneumatic  caissons  was  the  Manhattan  Life  Building,  New  York  City, 
1893.     The  caissons  were  built  of  steel  plates  and  shapes  of  a  massive  construction  about  9  ft.  high  (published  in 
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tha  Sna.BM,),     Tbe  dMk  wu  7  ft.  hi|h  and  carried  the  brick  picn  vtiich  were  built  uroimd  the  imrkiiit  shafti  u 
the  caiuon  aunk.     It  vu  round,  bowever,  that  the  friction  of  the  eartb  on  the  aide*  of  thii  brick  muonry  ww  k 

and  to  ail  the  apace  with  concrete. 

Steel  ealBBona,  rouod  and  rectangular,  have  been  much  uted.  one  o(  the  principal  bnildinfa  belnc  the  Mutual 
life,  dewnibed  In  the  Bag,  /feuri,  pp.  221-227.  March  28. 1001.  The  ireat  cot  of  tha  ateel  work  baa  nearly  elimi- 
nated ateel  oaiaaoni,  Bending  deHigneta  fint  back  to  the  wood,  then  to  reinforoed  coDorete,  aad  aometlmea  back  to 
wood  again. 

Aa  concrete  coat  leu  than  wood,  many  caiaaona  have  been  built  without  any  wood  in  the  permanent  congtrae- 

tion,  uaing  ateel  roda  for  relntorclnc.     At  fint  it  waa  thougbt  that  the  ccucrete  would  not  bold  air.  but  on  the  eon- 

trary  it  baa' been  fonnd  that  Che  concrete  doei 

and  doBB  not  require  the  eipeniive  caulking 

under  water,  waa  alwayi  one  of  the  hitrdeat 

ply  feeding  it.  Even  flooding  the  working 
chamber  with  water  aometimea  taUed  to 
eitiDguiah  the  fire. 

■o  far;  before  ■ 
mencea.  they  are  the  moat  economical:  but  if 
tbe  work  baa  to  be  done  by  gueceesive  "  buUd 
up«"  whete  tbe  firat  aection  ia  built,  pig  iron 
or  other  weighta  added  tor  aiakiog,  (hen  the 

B  second  aeotlon  of  concrete  added  to  tbe  first, 
requiring  mare  pig  iron  for  ainking,  and  thia 

found  that  tbe  omiaaioo   of  alt  wood  would 

and  quicker  job  could  be  obtained  by  baviog 
a  light  cofferdam  of  aay  2-in.  planlu  from  the 
caiuon    up.  ao  that  the  penetration  of  the 
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Dengna. — The  design  of  a  pneumatic  caisson  is  almost  entirely  a  matter  of  experience  and 
good  judgment,  for  while  theoretically,  when  a  caisson  is  being  sunk,  the  air  pressure  in  the 
working  chamber  is  high  enough  to  balance  the  water  pressure  on  the  outside — which  leads  some 
to  think  that  there  is  practically  no  pressure  on  the  chamber  walla — it  is  known  that  tbe  w 
pressure  is  frequently  lowered  to  normal,  purposely  or  accidentally,  in  which  event  the  water 
i  pressure  from  the  full  head  would  tend  to  collapse  the  caisson  before  the  water  flows  into  the 
working  chamber. 

This  ia  a  condition  that  is  sure  to  occur,  and  if  the  caisson  is  truly  vertical,  which  it  almost 
never  is,  andinunifDrmmaterial,  such  as  sand,  the  maximum  stress  might  be  obtained;  but  it  is 
known  from  experience  that  it  is  very  far  from  being  the  maximum.  It  is  a  common  occurrence 
for  boulders,  hard  masses  of  clay,  etc.,  to  be  encountered  on  one  side  of  the  c^sson  or  the  other 
with  the  result  that  the  caisson  is  thrown  out  of  plumb,  the  effect  being  like  the  "hogging  of  a 
ship. "  In  one  case  at  least  this  waa  sufficient  to  break  the  walls  of  the  working  chamber  away 
from  the  deck  when  the  cutting  edge  waa  still  20  ft.  above  hardpan.  It  was  then  found  neces- 
sary to  continue  the  excavation  like  a  vertical  shaft,  putting  in  timber  lining  all  the  way  down 
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and  leaving  the  cutting  edge  where  it  waa.  The  steel  cuasons  of  the  Conunerci&l  Cable  Build- 
ing, 1896-7,  had  H-in.  steel  side  plates  with  heavy  angle-iron  supporta  every  SH  it-  >u  tiie-walla 
of  the  working  chambere.     Time  plates  buckled  inward  E^ut  2  to  3  in. 

In  euHou  or  (ram  30  to 
»  aboTC  the  guttins  edge.     1 

timber  with  s  I^n.  squvc  ol  round  Bteel  tie  rod.     In  wide  caiuoaB.  these  Btruti 
with  the  roof  at  deek.    While  It  in  of  the  utmoet  imporUnce  lo  prevent  ■  pouiblr 
»Ih>  be  remembered  that  every  etrut  pot  in  the  wotkinc  ohember  greatly  adds  U 
feribc  with  the  hAndlJns  oT  the  bucket,  mokiDg 
diuJng  more  difficult,  snd  frequently  making 
It  neceieary  to  ihovel  the  material  twice  or 
more  to  put  It  into  Che  bucket. 

CvUing  Edget. — More  money  has 
been  wasted  on  elaborate  cutting 
edges  than  on  any  other  part  of  the 
caisson.  Theoretically,  the  cutting 
edge  should  be  a  knife  edge,  penetrat- 
ing the  material  easily  and  permitting 
the  pick  and  shovel  to  get  directly  up 
to  the  outside  of  the  cutting  edge. 
This  effort  has  resulted  in  many 
cutting  edges  being  designed  of  steel 
[dates  (vertical)  stiffened  by  angles, 
etc.  The  only  plsce  that  such  a 
cuttingedge  will  work  is  in  soft  ground 
where  it  is  hardly  needed,  and  when 
it  is  really  needed,  that  is,  in  hard 
ground  where  the  pick  or  crowbar  is 
used,  it  will  not  answer  because  the 
w«ght  of  the  caisson  above  is  sure  to 
buckle  it  so  badly  that  it  will  have  to 
be  removed. 

These  piste  and  angle  cutting 
edges  are  not  only  useless  but  also 
very  expensive,  and  it  is  better  to  use  a  6  or  8-in.  channel  iron  laid  flat  with  the  flanges  turned 
up.     This  works  well  for  either  wood  or  concrete  caissons. 

A  S-ln.  angle  iron  with  one  leg  horiiontal  and  the  other  leg  vertical  and  above  the  horliontal  leg,  the  horiion- 
lal  leg  beini  firmly  attached  to  the  wood  or  ooncrete  above  by  3/4-in.  round  bolta  every  3  ft.,  alao  make*  a  good 
cutting  edge. 

In  meet  plaoea  a  6  or  S4n.  oak  or  pine  timber  will  be  perfectly  eatiifactory  though  the  eteel  angle  or  channel 
work*  out  a  Uttle  better  with  concrete  caieHiiu, 

The  four  oornere  at  the  cutting  edgeg  gfaould  be  b  tiongty  braced  to  avoid  danger  of  the  caiBion  being  twiated  out 
ol  ita  rectangular  ehape. 

Many  eaieiona — eepecially  when  of  wood  or  steel — ^have  their  autlane  badly  watped.  which  makei  the  linking 
much  mora  diffleult.  inereBiinic  enormouiiy  the  [rietional  raBiBtaaoe  to  be  overcome.  * 

SUd  Caitaont. — For  rectangular  steel  caissons,  J^-in.  side  plates  should  be  used  witih 
stiSener  brackets  made  up  of  4  angles  3  X  3>^  X  H  in.,  the  vertical  pair  being  riveted  to  the 
side  plates  and  the  other  inclined  pair  resting  on  a  6  X  6  X  ^4-in.  shelf  angle  which  is  riveted 
to  the  aide  plates  all  around,  the  horizontal  fiange  of  the  6  X  6  X  ^^-in.  angle  being  12  in. 
above  the  cutting  edge,  the  vertical  leg  of  this  angle  being  below  the  horiiontal  leg.  The  top 
of  the  inclined  angles  of  the  brackets  are  riveted  to  the  deck  about  2  ft.  or  more  from  the  side 
walls.  These  brackets  should  be  spaced  about  4  to  6  ft.  centers  depending  on  the  depth  to  be 
sunk,  material,  etc. 

For  the  circular  steel  caisson,  the  shell  should  be  from  ^  to  H  >»■  thick,  unless  the  depth 
is  very  great  and  in  bad  soil.     These  caissons  should  also  have  a  bottom  shelf  angle  from  3}^  X 
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^H  Xf^in.  to6X6X^  in.,  according  to  the  diameter  of  the  caisson.  No  brackets  are 
needed  for  a  circular  caisson  up  to  say  15  ft.  in  diameter,  but  a  3H  X  3M  X  ^-in.  ring  angle 
should  be  riveted  to  the  side  plates  half  way  between  the  bottom  shelf  angle  and  the  deck. 
There  should  also  be  a  12  X  H~i^-  ^^^  plate  riveted  to  the  bottom  of  the  side  plate  all  around. 

The  joints  of  the  side  plates  should  be  "butt  joints"  with  splice  plates.  All  rivet  heads  on  the  outside  of  the 
caisson  should  be  countersunk.  The  steel  caissons  should  be  caulked  from  the  inside  against  air  pressure,  and  from 
the  outside  against  water  pressure.     This  is  quite  a  difficult  thing  to  get  properly  done. 

The  deck  or  roof  should  be  of  M-in*  steel  plates  with  sufficient  I-beams  to  support  the  weight  of  the  concrete 
while  it  is  setting  unless  this  weight  is  carried  by  temporary  bradng  in  the  working  chamber  as  in  the  case  of  a  con- 
crete caisson. 

The  cofferdam  for  a  steel  caisson  depends  entirely  on  the  sise  of  the  caisson  and  especially  whether  or  not  the 
concrete  inside  of  the  cofferdam  is  kept  as  high  as  the  water  aroimd  the  caisson.  For  caissons  in  cities,  the  concrete 
is  generally  above  the  ground  line  and  even  then  much  extra  weight  in  the  shape  of  iron  blocks  or  pig  iron  are  re- 
quired to  overcome  the  friction.  Large  river  caissons,  on  the  other  hand,  are  often  so  heavy  in  comparison  with 
the  frictional  resistance  of  the  ground  that  the  top  of  the  concrete  on  the  deck  in  the  cofferdam  is  often  20  or  30  ft. 
below  the  water  around  the  caisson,  in  which  case  the  cofferdam  must  have  very  ample  bracing. 

One  advantage  of  a  steel  caisson  is  that  it  gives  more  room  in  the  working  chamber  of  small  caissons  and  makes 
it  easier  for  the  men  to  work  under  the  cutting  edge — ^but  it  would  often  be  cheaper  to  use  larger  caissons  of  either 
wood  or  concrete. 

Wooden  and  steel  caissons  generally  have  a  flat  deck  or  roof,  6  ft.  above  the  cutting  edge. 

Caiasans  of  Wood. — If  small,  wood  caissons  can  be  made  of  vertical  tongued-and-grooved 
plank,  say  4  in.  thick,  properly  braced,  as  in  the  extension  for  the  Manhattan  life  Building 
referred  to  in  the  first  part  of  this  article.  For  larger  caissons — ^that  is,  of  over  15  ft.  in  width 
and  of  any  length — ^the  writer's  practice  has  been  to  use  a  solid  wall  of  12  X  12-in.  timbers,  laid 
flat,*with  another  solid  wall  of  12  X  12-in.  posts,  inside  of  the  horizontal  12  X  12-in.  timbers, 
with  an  outside  sheeting  of  2  or  3-in.  plank  always  placed  vertically  to  reduce  the  frictional 
resistance.  The  horizontal  12  X  12-in.  timbers  usually  extend  some  14  ft.  above  the  cutting 
edge.  Above  this  height,  the  number  of  the  12  X  12-in.  posts  decreases,  until  near  the  top, 
there  would  be  only  one  post  every  12  or  15  ft.  to  support  the  waling  pieces  for  the  cofferdam 
plank.  The  cofferdam  planking,  2  or  3  in.  thick,  shoidd  also  be  placed  vertically,  with  the 
joints  caulked  with  oakum. 

For  a  long  time,  timber  caissons  had  decks  and  roofs  of  solid  timber  10  to  12  ft.  thick,  thoroughly  bolted,  and 
drift  bolted  together.  The  writer  has  built  many  up  to  30  ft.  in  width  with  a  deck  of  3  ft.  thick,  the  top  and  bot- 
tom courses  running  across  the  caisson  and  the  middle  course  running  longitudinally.  Under  the  deck  a  2-in.  plank 
course  was  used  for  oauUdng  purposes.     Above  the  deck,  substantial  trusses  have  been  used  about  20  ft.  apart. 

In  the  working  chamber  of  large  caissons,  it  is  customary  to  place  12  X  12-in.  knee  braces  every  5  ft.  from  the 
cutting  edges  to  the  deck. 

All  joints  in  wooden  caissons  have  to  be  thoroughly  caulked  from  the  inside  against  air  pressure  and  from  the 
outside  to  prevent  the  water  getting  in.     Oakum  is  the  most  common  material  for  this  purpose. 

Concrete  Caissons, — Ck)ncrete  is  much  the  cheapest  material  for  caisson  construction. 
It  is  economical,  however,  to  use  a  certain  amount  of  wood  or  steel  as  the  occasion  requires. 

The  sides  should  always  be  vertical  no  matter  what  material  is  used.  Beginners  generally 
have  an  idea  that  if  the  sides  of  the  caissons  are  battered  so  that  the  bottom  horizontal  area 
will  be  larger  than  the  top  that  the  friction  of  the  soil  on  the  side  walls  will  be  reduced.  Ex- 
perience has  proved  that  in  soft  ground  this  results  in  the  material  rolling  in  against  the  caisson, 
thereby  binding  it  the  tighter.  In  one  case  it  took  1200  tons  extra  pig  iron  to  break  the  friction. 
In  another  case  when  an  open  caisson  was  being  dredged  through  hard  clay,  the  opposite 
result  was  experienced,  for  there  the  clay  held  its  position,  and  the  caisson  wabbled  so  much 
that  fears  were  entertained  for  its  safety.  The  space  between  the  cylinder  and  the  clay  was  back 
filled  and  allowed  to  stand  for  many  months  before  the  process  of  sinking  was  resumed. 

The  cutting  edge  (for  the  reason  above  given)  should  never  extend  more  than  H  or  ^  in.  beyond  the  sides  of 
the  caisson.     A  6  X  6-in.  angle  or  d-in.  channel  makes  the  best  cutting  edges,  as  already  noted. 

The  side  walls,  vertical  on  the  outside,  should  have  a  batter  on  the  inside  from  the  cutting  edge  to  the  roof  of 
about  3  in.  horiiontal  to  1  ft.  vertical,  though  in  wide  caissons  the  horisontal  distance  can  be  considerably  increased. 

The  under  side  of  deck  or  roof  should  slope  from  the  sides  up  to  the  working  shaft,  for  facility  in  filling  the 
working  chamber  with  concrete. 

liteel  rods  should  run  from  the  cutting  edge  to  the  top  of  the  concrete  to  prevent  (1)  the  side  walls  of  the 
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workizis  chamber  from  buckling  in  and  (2)  the  friction  on  the  sides  of  the  caissons  from  opening  cracks  in  the  con- 
crete. These  rods  shoukl  be  about  M  or  ^  in.  square  and  4  in.  center  to  center  for  a  distance  of  10  or  12  ft.  above 
the  cutting  edge,  and  12  in.  center  to  center  above  that  height.  Btmilar  rods  should  run  from  the  cutting  edge,  on 
the  inside  of  the  working  chamber  wall,  up  to  the  deck  and  extend  several  feet  above  the  deck  into  the  concrete. 
There  should  also  be  horisontal  reinforcing  rods  about  the  same  sise  and  distance  apart  as  the  vertical  rods. 

The  number  of  rods  required  in  the  deck  would  of  course  depend  on  the  span,  etc.,  but  in  most  cases  yi-in.  square 
rods  4  in.  center  to  center  in  each  direction  would  be  more  than  ample. 

Shafts. — Small  caissons  have  only  one  shaft  which  is  used  for  both  men  and  material.  The 
larger  caissons  have  at  least  two,  one  for  material  and  one  for  men,  and  sometimes  as  many  as 
six  or  more.  The  cost  of  the  shaft  is  balanced  against  the  extra  cost  of  handling  the  material 
in  the  working  chamber  if  fewer  shafts  are  used. 

Formerly  the  shafts  were  made  of  steel  but  now  steel  shafts  are  used  only  at  the  top  and  timber  or  metal 
oollapeible  forms  are  used  to  make  the  shafts  in  the  concrete.  The  concrete  shafts  should  have  a  recess  about  6  in. 
deep  and  1  ft.  wide  in  which  round  rods  are  inserted  to  form  a  ladder. 

In  small  caissons  it  is  very  necessary  to  have  vertical  and  horisontal  reinforcing  rods  around  these  shafts  to 
prevent  the  concrete  between  the  shaft  and  the  outside  of  the  caisson  from  opening  up  serious  cracks. 

Seeding  the  Caisean, — When  the  caisson  has  reached  its  jBnal  resting  place  either  on  rock, 
hardpan,  or  in  a  few  places  on  sand  or  clay,  it  is  necessary  to  fill  the  working  chamber  with 
concrete.  The  old  method  was  to  deposit  the  concrete  by  hand  until  it  was  about  4  ft.  below 
the  deck  and  then  by  means  of  timber  forms  to  bench  the  concrete  all  around  until  only  a 
working  space  under  the  shaft  was  left  and  also  a  space  of  3  or  4  in.  under  the  deck.  This  space 
was  packed  with  very  dry  mortar  and  rammed  into  place  using  a  hammer  on  a  small  plank. 
This  method  was  expensive  and  never  satisfactory,  one  trouble  being  that  the  benching  required 
a  drv  concrete  which  is  exceptionally  undesirable  in  compressed  air  woric  and  another  trouble 
was  the  difficulty  of  getting  the  tedious  work  of  ramming  properly  done. 

The  writer  some  10  yr.  ago  abandoned  the  old  method  for  the  following  whieh  he  has  used  ever  since:  The  work" 
ing  chambers  are  filled  with  wet  concrete  to  within  1  ft.  or  better,  2  ft.,  from  the  deck,  under  air  pressure  of  eoursct 
and  then  the  compressed  air  is  kept  on  for  48  hr.,  after  which  the  air  is  taken  off  and  the  rest  of  the  space  under  the 
deck  and  the  shafts  themselves  is  rapidly  filled  with  wet  concrete  dumped  from  the  top  of  the  shaft.  It  is  very  im- 
portant to  have  the  concrete  under  the  deck  mixed  very  wet. 

It  is  always  necessary  to  have  vent  pipes  as  far  from  the  shaft  as  possible  so  that  no  air  can  be  trapped  under 
the  deck  to  cause  voids  in  the  concrete.  When  the  work  is  properly  done  the  grout  will  be  found  to  have  been  forced 
up  these  vent  pipes  from  the  working  chamber  to  from  15  to  25  ft.  above  the  deck.  As  the  working  chamber  is 
being  filled  it  is  very  necessary  to  reduce  the  air  pressure  gradually.  Neglect  to  do  this  has  resulted  in  much  con- 
crete being  blown  out  under  the  cutting  edge. 

Water-tight  CeUare. — A  number  of  buildings  have  been  constructed  in  New  York  with  from 
3  to  4  floors  below  the  water  level.  These  are  made  water-tight  by  sinking  pneumatic  caissons 
around  the  lot,  the  caissons  having  a  width  of  from  5  to  8  ft.  and  lengths  up  to  30  or  40  ft.  and 
then  by  sealing  the  joints  between  the  caissons. 

One  method  is  to  use  a  compressed  air  shaft  some  3  ft.  in  diameter  which  is  a  more  or  less 
difficult  matter.  A  better  method  as  far  as  economy,  safety,  and  good  results  are  concerned, 
is  to  sink  the  caissons  about  6  in.  apart,  holding  the  distance  by  having  two  6  X  S-in.  timber 
separators,  preferably  of  oak,  attached  from  the  cutting  edge  to  top  of  the  first  caisson  sunk. 
The  space  between  these  separators,  about  2  ft.,  b  stock-rammed.  This  is  accomplished  by 
driving  a  heavy  4-in.  pipe  down  to  the  level  of  the  cutting  edge;  then  pellets  of  clay  are 
dropped  into  the  pipe,  and  the  clay  is  forced  out  at  the  bottom  by  an  iron  piston  rod, 
just  big  enough  to  work  easily  inside  of  the  pipe,  the  piston  being  operated  by  a  pile  driver. 
A3  the  driving  becomes  harder,  the  pipe  is  raised  a  foot  or  so,  and  the  operation  is  continued 
until  the  entire  pipe  has  been  removed,  section  by  section,  and  the  space  well  packed  with  clay. 
The  clay  has  been  thus  rammed  so  hard  that  it  resembles  shoe  leather.  Care  is  required  to 
see  that  the  ramming  is  not  overdone  as  the  accumulative  effect  is  very  great — enough  to 
shove  the  caisson  bodily  out  of  place.  This  has  successfully  held  the  water  back  for  depths 
of  35  ft.  and  permitted  the  placing  of  concrete  or  brick  work  in  the  joints  after  the  cellar  has 
been  dug.     For  further  details,  see  the  writer's  article  in  Railroad  Age  Gazette,  Aug.  7-14, 1908. 

46/.  Open  Caissons. — Open  caissons  are  constructed  on  the  surface  like  pneuma- 
tic caissons  and  sunk  into  position  where  they  are  held  down  by  weights. 
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46f^.  Dredged  Wells. — Where  the  depths  are  too  great  for  pneumatic  work, 
dredged  wells  are  often  used.  These  sometimes  consist  of  double  steel  cylinders  with  concrete 
filling  the  space  between  the  inner  and  outer  cylinder.  Ordinary  clam  shell  or  orange  peel 
buckets  are  used  for  dredging  the  material  through  the  inner  cylinders.  Reinforced  concrete 
is  often  used,  having  steel  forms  for  temporary  purposes  only. 

The  Phoenix  Conatruotion  Company  used  a  number  of  theee  for  the  Erie  R.  R.  at  Penhorn  Creek  and  elsewhere. 
Theee  were  6  ft.  outside  diameter,  and  3  ft.>6  in.  inside  diameter,  and  were  sunk  through  90  ft.  of  sand,  gravel,  etc 


FOOTINGS 

By  W.  Stuart  Tait 

46.  Temporary  Wood  Foot^s. — Where  temporary  wood  footings  are  installed,  the  con- 
struction usually  consists  of  a  sill  or  longitudinal  timber  A  (Fig.  35),  transverse  timbers  B,  and 
sometimes  a  layer  of  longitudinal  boards  under  the  transverse  timbers.  The  transverse  tim- 
bers are  usually  laid  close  together.  The  boards  C  are  desirable  in  soft  ground  to  prevent  un- 
equal settlement  of  the  timbers  B.  In  temporary  work  the  following  stresses  may  be  used: 
extreme  fiber  stress,  1600  lb.  per  sq.  in. ;  bearing  across  the  grain,  500  lb.  per  sq.  in. 

Illustrative  Problem. — ^Load  on  A  (Fig.  35)  is  10,000  lb.  per  lin.  ft.  and  the  soil  pressure  is  2000  lb.  per  sq.  ft. 
Design  a  temporary  wood  footing. 

10,000       ,,,  .    / 


:«ooo 


5  ft. 


Assume  A  to  be  a  12  X  12-in.  timber.     Then 


AT  in  B   -  (2000)  (2)  (12)  -  48,000  in.-lb.  per  lin.  ft. 
Af  -  /S  -  16003 

4M?2  -  an  -  W«  .  12d«  .  2d. 
6  0^ 

Use  4-in.  timber  for  B 


fhstf 


S 


1600 

d*  -  15,  or  d  -  8.88  in. 

Fro.  35. 

47.  Plain  Concrete  Footings. 

47a.  Light  Wall  Footings. — Under  walls  carrying  no  great  load  the  minimum 
projection  of  the  footing  beyond  the  face  of  the  wall  should  be  equal  to  one-half  the  wall  thick- 
ness. The  depth  of  the  footing  should  be  twice  the  projection  (Fig.  36). 
The  weight  per  square  foot  occurring  at  the  bottom  of  the  footing  should 
be  checked  to  make  sure  that  it  does  not  exceed  the  allowable  bearing 

T  pressure  on^  the  soil  (see  Art.  29). 

5  476.  Heavy  Wall  Footings. — Under  walls  carrjring  a  consid- 

i.  erable  load,  such  as  a  party  bearing  wall  in  a  six-story  warehouse,  a 
footing  similar  to  that  for  light  walls  may  be  used.  Assume  the  basement 
wall  to  be  of  concrete  20  in.  thick.     Soil  pressure  =  4000  lb.  per  sq.  ft. 


Fig.  36. 


Load  per  lin.  ft.  of  wall  at  top  of  footing  ■■  24,000  lb. 
Weight  of  footing  -    4,000  lb. 


Total  load 


-  28.000  lb. 
Width  of  footing  —  -^.jr 

4:00U 


7  ft. 


The  footing  is  stepped  down  as  shown  in  Fig.  37,  the  depth  of  any  step  being 
twice  its  projection. 

47c.  Piers. — This  typo  of  footing  usually  occurs 
in  mill  buildings.     Refer  to  Fig.  38. 

Lowest  story  column  load  '-  350,000  lb. 
Weight  of  footing  ->    90,000  lb. 


IxQ.  37. 


Total  load 


440,000  lb. 
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Soil  load  -  3500  lb.  per  sq.  ft. 


,       ..  360.000 

Area  of  cant  base  -  "700"" 


500  sq.  in.  »  22.4  in.  square.     Use  24-in.  square. 


Area  of  footing  -  ^f^  -  126  sq.  ft.     Use  11  ft.  4  in.  X  11  ft.  4  in. 

3500 


F19.  38. 


48.  Stone  and  Brick  Footings. — Masonry, 
whether  of  stone  or  brick,  is  not  suitable  for 
footings  except  for  very  light  loads.  Even  for 
such  loads,  it  is  recommended  that  concrete  be 

used. 

49.  Reinforced  Concrete  Pier  Footings. 

49a.  Theory  of  Design. — The  method 
of  design  given  in  bul.  No.  67  of  the  University  of 
Illinois,  is  generally  accepted  and  used  in  the  design 
of  pier  footings  of  reinforced  concrete.  The  con- 
crete is  usually  a  1-2-4  mix.  Assuming  gravel 
concrete,  the  following  stresses  are  recommended 
by  the  Joint  Committee  (see  Appendix  A  and  J). 

/,  =  16,000  lb.  per  sq.  in. 
fe  =  650  lb.  per  sq.  in. 


Bond  =  80  lb.  per  sq.  in.  for  plain  bars. 

Bond  B  100  lb.  per  sq.  in.  for  deformed  bars. 

Shear  »  40  lb.  per  sq.  in.  as  a  measure  of  diagonal  tension. 

Punching  shear  »  120  lb.  per  sq.  in. 

n  =  15 

Bending  moment  in  one  direction  (see  Fig.  30)  is 

M  -  i^iac*  +  0.6c»)u7 

where  to  is  the  upward  unbalanced  pressure  in  pounds  per  square  foot. 

Steel  effective  is  that  within  width  -a  +  2d  +  H(b-a-2<0 

Load  producing  punching  shear  ■-  (b<  —  a*)u7 

(6«  -  a*)w 


Unit  punching  shear 


Aad 


Loading  producing  diagonal  tension  in  one  direction 
V  -|[6«  -  (o  +  2d)«]  w  and  v  -  ^^^ 

Bond  stress 

V  (ac  +  c«)ii» 


2d)Jd 


tt  ■- 


where  m 


mojdL  mojd 

number  of  bars- and  o  the  periphery  of  one  bar. 


FiQ.  39. 


The  chapter  on  the  design  of  '^Reinforced  Ck)ncrete  Beams  and  Slabs''  in  Sect.  2  should  be 

referred  to  for  explanation  of  the  above  formulas. 

49&.  Single  Slab  Footings. — This  type  of  footing 
is  not  used  for  large  loads  as  it  is  not  economical  in  concrete. 


1 


UsitaA*-/^  -* 


'6^6' 


i 

•ft 


-iti^afchCr 


■7 


niostrative  Problem.-^Soil  pressure*  4000  lb.  per  sq.  ft.     Column  size, 
20  X  20  in.  (see  Fig.  40). 

.  Column  load      ■-  150,000  lb. 
Footing  weight  -     10.000  lb. 


iS 


Total  load 


160,000  lb. 


160.000       .-        -.  -  **  - . 

Area  —   -t/^-  ■  ^  »<!•  '*•»  «»y  0  ft.  6  in.  square. 

40U0, 

Now  the  weight  of  the  footing  balances  a  certain  amount  of  upward  toil 
pressure.     In  this  case  the  upward  unbalanced  pressure 

150.000 


Fia.  40. 


»  ■- 


(6.5)C6.5) 


-  3560  lb.  per  sq.  ft. 
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The  depth  required  for  punching  shear 

.       (6«-  o*)tt»        (39.5)(3660) 


14.6  in. 


(4a)(120)         (4)(20)(120) 
Now  shear  as  a  measure  of  diagonal  tension  produced  in  this  case,  using  d  >■  14.6  in., 

[6«  -  (g  4-  2d)*]w  (25.45) (3560) 

4(a  +  2d)jd        "   (4)(49.2)(0.87)(14.6)  " 
Thus  the  depth  required  for  punching  shear  satisfies  the  requirement  for  diagonal  tension.     Had  this  not  been  the 
case,  d  would  have  to  be  increased,  as  it  is  not  good  practice  to  use  stirrups  in  footings  on  account  of  the  probability 
that  they  would  be  improperly  placed  or  omitted. 

M  -  ihiac*  +  0.6c»)w 

-  l(M)(1.67)(2.42)«  +  (0.6)(2.42)>1(3660)(12)  -  672,000  in.-lb. 
Aa  ■■  2.83  sq.  in.  «  20  —  H-io-  square  bars. 
2.83 


n  ■- 


(78)(U.6) 


0.0025,  which  is  satisfactory. 
(9.88)(3560) 


921b. 


Thus  deformed  bare  must  be  used, 
and  have  a  spacing  of 


mojd  (20)(1.5)(0.87)(14.6) 

The  20  '-  ^-in,  square  bars  must  be  placed  in  a  width  of 
a  +  2d  +  Hib  -  a  -  2d)  -  63.6  in. 


63.6 
19 


3.35  in.,  say  3K  in*  on  centers. 


i  U — 9W 


'^-l'£  Concrsfm 


I5H' 


The  20  bars  will  be  placed  equally  on  each  side  <A  the  center  at  3Vi  in.  on  centers.     The  outer  bar  will  be  8  in. 
from  the  edge  of  the  footing  so  one  bar  will  be  added  on  each  side  making  a  total  of  22  bars  each  way. 
Total  depth  of  fooUng  -  14.6  4-  0.375  +  3.0  -  17.975  in.,  say  18  in. 

49c.  Multiple  Slab  Footings. — This  is  a  type  of  footing  very  generally  used  for 
large  column  loads.     In  structures  where  the  column  loads  are  fairly  large,  some  provision  should 

be  made  in  the  design  to  allow  for  a  greater  percentage 
of  dead  load  on  an  exterior  than  on  an  interior  column. 
If  the  ground  at  the  bottom  of  the  footing  is  hardpan, 
hard  shale,  or  solid  gravel,  this  provision  is  not  essential, 
but  where  a  certain  amount  of  settlement  is  probable,  it 
is  a  necessity. 

It  is  good  practice  to  design  the  columns  for  the  full 
dead  load  and  a  proportion  of  the  live  load  depending 
upon  the  number  of  stories  in  the  structure.  In  Chicago, 
the  basement  story  columns  in  a  6-story  and  basement 
building  would  be  designed  for  the  full  dead  load,  the 
roof  load  and  72)^  %  of  the  live  load  for  which  the  Aoofb 
were  designed.  The  footings  are  designed  for  the  base- 
ment story  column  load.  Some  designers  proportion 
the  footings  on  the  basis  of  the  dead  load  only.  The 
writer  always  recommends  using  the  full  dead  load  and 
one-half  of  the  live  load  used  in  the  design  of  the  base- 
ment story  columns.  (For  loads  coming  on  columns, 
see  Sect.  1,  Art.  86.)     The  following  example  is  worked  out  on  this  basis: 

Interior  eolunm:  Sise,  32  in.  diameter;  1-1-2  concrete;  1%  spiral.     11 — 1-in.  round  bars. 
Dead  load  -  297,000  lb. 
Live  load    -  423,000  lb. 

Exterior  column:  Sise,  30  X  30  in.;  1-2-4  oonorete;  1%  spiral.     10 — H-in-  round  bars. 
Dead  load  -  280,000  lb. 
Live  load    -  196,000  lb. 

Maximum  soil  pressure  >  3500  lb.  per  sq.  ft. 

828  000 

Allowing  15%  of  column  load  for  weight  of  footing,  area  of  interior  footing  ■-  — '- »  236  sq.  ft.  "-15  ft. 

3500 

4  in.  square  (see  Fig.   41).     Now  using  half  of  the  live  load  and  all  the  dead  load,   we  have  a  pressure  of 


Fio.  41. 


617.000 
236 


2620  lb.  per  sq.  ft.     The  area  required  for  the  exterior  column  would  then  be 


(547.000  -  98.000) 
2620 


172  sq.  ft.,  or  sav  J^  ft.  0  in.  square  (^ee  Fig.  42). 
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of  the  intsriot  colnnia  faotinc  irhieh  ii  the  on* 


AUoi 


a.  it  win  bB  Doted  tlut  tha  & 
liva  load*  wki  Ant  obtained  i 
lead  load  and  oae-haif  of  the  live  Idi 
«  4Dd  applyiflE  it  upon  tha  full  deal 
int  BreB.  the  deaicn  wIU  be  Danied  out 
e  (oondatioD.     In  um  the  live  load  for  which 
in  are  designed  eII^eed■  400  lb.  per  aq.  [t..  it  would  be  welt  to  tnke  K  of 

I  loud  ioatead  of  one-half.     The  reaaon  lor  thii  ia  that  tha  wttlement,  It 

II  probably  occur  duriaE  eonatniction  and  not  after  the  buildins  ia  fully 


Hkvini  determined  U 


1  (Me  Fig.  30)  will  be 


-  GSln. 


The  depth  lor  [ 

|fti  -  ai)„         (3afl.S)(30W)) 

"'"UxaaxiM"  (.>(33)(i20) 

The  np  or  top  kyer  la  of  1-3-4  eonerete.  while  the  eolumn  i«  1-1-3.  The  cap 
deaitfn  muat  be  aueh  that  the  bearing  on  A- A  ia  within  the  limit  allowed  on 
1-3-4  sonoreU,  i.i.,  TOOIb.  peraq- In.  tliii  may  be  Ukea  oh  the  fuU  aeetkni  of 
the  column  uid  the  redatkoee  of  the  dowela  added.     Then 


-  37H  in. 


We  most  therefore  aiUiar  »dd  a  apiral  in  the 
b  to  add  a  spiral.  TJaini  1  %  spiral  and  1 ; 
will  be  S4-in.  diameter,  (ivins  ft  lore  of  BOI 
SK'in.  pitch.     The  cap  will  be34  +  4-38XatJin.  equue. 

For  punching  ahear  at  edge  of  c*p 

(338  -  I0K30W)) 
■  "      (4){3a)<120) 
For  punching  ehear  at  edge  ol  middle  msmbet 

(338 --  aS)<30a0) 
'  ■      (4)(lli)(130) 
Diagonal  tendon  below  tap 

a  -  3  It.  3  In.  c  -  6  (t.  1  in. 

o  -f-  3d  -  0  ft.  G  in. 
The  middle  member  b  9  ft.  3  in.  in  width,  which  li  lesa  than  a  +  3d,  ■ 
if  -  (a  +  2dl-|u  (UBK30801 

4(o  +  2d]jd  (4)(113)(0.S7)(d.)       **  '" 

Now  we  have  di  -  S8  in.  and  d,  m  3T.5  in.,  and  we  wiU  make  dt  -  31 
Moment    about     A-.i4  -  IHa^  +  0.ec>>v  -  <ie3)(30e0)(l3)  -  T,0» 


inoraaae  tha  ateel,  or  ii*e  l-lH-3  eonerete.  The  beet  thing  to  do 
rtioal.  we  have  an  averaoe  gtreia  of  703  lb.  per  tq.  in.  The  spiral 
in.  with  13 — ]4d.  round  ban.  The  iinnl  will  be  H-in,  wire  at 
38  in.  aquare.     The  lowcat  member  ol  the  tooting  te  IS  It.  4  in. 


'J  -  8-7  in. 


d  -  3  ft.  IH  Id. 


eatiafaetory.  * 

-  13  ft,  *H  in.     Uee  24— K-i".  ■ 


C34}(3){0.87)(37.ai 

ipth  of  middle  member  -  37.6  -  38  -  OM  in.. 


The  depth  ol  cap  -  68  -  37.S  -  30H  ia.,  lay  21  i 
■■y  10  in.     The  depth  of  bottom  member  -  28  +  4  -  33  in. 

Column  load  -  478.000  lb. 

Area  of  footing  -  lOS  >q.  ft.     v  -  3820  lb. 

The  dealgn  will  be  carried  out  the  »me  u  above  and  we  obtain  the  design  ahown  in  Fig.  42. 

ltd.  Sloped  Footings.— This  type  of  footing  is  favored  by  some  designers. 
It  requires  less  concrete  than  the  sUb  type,  but  the  sloping  sides  are  more  difficult  to  shape. 
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TtuOOO  BiL  for  tke 


670.000 


600,000  lb.     Colamnnae,30  X  aoin.     Sofl 
of  f oodac*  making  a  total  IomI  of  070^000  lb 

112  aq.  ft.  -  10  ft.  6  in.  aqimre  ( 


-  OOOOlb.     lb 


43). 
000.000 


110 


5400  lb. 


000.000 


«  6661b. 


oe}C30) 

oftop-(2)O0)O0)-1800Bq. 


3ft.6 


Depth  for  poaehms  -     (4,^30iU2O-  "^  " 

:  With  d  »  39.5  in.  at  colnma 
[^-(a  +  2<f>nv 


^1- 


rilO-  S2U5460> 


(4  aOOKCdT.  .40> 
A  -  6.5  in.     Uae  12  in. 
Jf  -  o^ofC  +  a6c*)v  -  XSSaOOO  in.-1b. 

d  -  39.5  in.     ib  "  7.00 aq.  in.  «  18 — ««- 
700 


■•  10in.R<|u«. 


(42  i39.5> 
(10  -t.  16  .'5460) 


V  IS » v2.5;  iG.»7  'i39.a) 


-  0.0OC2,  vhi4rfa  ia 
-921b. 


:i^artcn 


aq.  IB. 


off 


hi  a  v^ 
-  a  +  W  +  H.*  -  a  -  ar.  -  42  —  79  -i-  ?-»  Il26  -  t- 
791]  -123  in. 

Spacinc  of  ban  —  — ^^  —  7^i    in-  on  renters.    X^' 

OB  cvntcfs  and  then  outside  rods  will  be  33^  is.  fr  - 
of  f  ootinc. 
-  aOLS  +  a625  -r  3.0  -  43  ia. 


_  Footiacs. — Since  a  footing  is  a  Terr  stiff  licid  member,  & 
appreciabip  deflection  will  take  |dace  at  the  edges^  and  uniform  pTeasaie  will  prevail  throoghoc 
the  foondation.  In  footings  in  vhich  the  length  does  not  exceed  the  breadth  by  more  than  50^*. 
the  design  viD  be  earned  out  in  the  same  manner  as  in  a  square  footing,  nma,  releniog  v 
Figs.  44  and  45» 

J^vi-i>  *  (W««  +a6f*6  IT 
•nd  Jfa-2)  =  Oia**  +  aerf^.ic 
The  shearing  Tahies,  etc.  can  be  foUoved  through  similarly. 


-<i*^ef' 


Fns.  45. 


Pio.  46l 


In  ooes  where  the  length  is  more  than  50  ^  greater  than  the  width,  the  footing  sfaou 
be  designed  as  fol^ws: 

31  3-3)    =    -^^ 


The  reinforw^ent  across  4-4  should  be  placed  within  a  width  equal  to    a  -h  6). 

43f,  Wall  Footiaga. — Continuous  footings  of  this  type  may  either  have  a  fllopet 
top  as  sh- jvn    Pig.  46   or  be  cxjostructed  with  a  level  top.     If  ir  is  the  unbalanced  upwaid  etfli 

then  punching  shear  =  .i-    Al»,  Ji  «  -t- — ^, —     Max.  Jf   — 


bj  v40 


lin.ft 


Sec.  a-501  STRUCTURAL  DATA  371 

Bond  =  — r%,  where  m  \r  the  number  of  bars  per  lin.  ft. 

It  will  be  usually  found  that  in  this  tjrpe  of  footing  the  reinforcing  bars  must  be  hooked  as 
indicated. 

60»  Reinforced  Concrete  Combined  Footings. — In  case  a  column  occurs  very  close  to  the 
property  line,  it  is  probable  that  a  symmetrical  footing  cannot  be  constructed  without  encroach- 
ing upon  the  adjoining  property.  In  this  case  a  cantilever  footing  as  described  in  Art.  51,  or 
a  combined  footing  for  the  exterior  and  next  adjacent  interior  footing  may  be  constructed. 

If  the  exterior  column  load  is  less  than  the  interior  column  load,  it  is  most  economical  to 
use  a  rectangular  footing,  though,  if  conditions  do  not  permit  of  this,  a  trapezoidal  shape  may  be 
used.  In  case  the  exterior  column  load  is  greater  than  the  interior,  a  trapezoidal  footing  must 
be  used. 

60a.  Rectangular  Combined  Footings. — In  this  design  (Fig.  47)  the  foundation 
will  be  proportioned  upon  the  basis  of  one-half  the  live  load  used  in  the  basement  column  and 
all  the  dead  load,  as  was  done  in  Art.  49c.  The  footing  area  will  be  determined  and  located  with 
respect  to  the  column  upon  the  above  basis  and  the  design  of  the  reinforced  concrete  then  pre- 
pared on  the  basis  of  the  full  column  load. 

Interior  Column  (1) 34  X  34  in.,  1-2-4  concrete. 

Dead  load  -  297.000  lb.     Dead  load  plus  one-lialf  the  live  load  -  509,000  lb. 
Live  load    «  423,000  lb. 


Total      «  720,000  lb. 

Exterior  Column  (2) 30  X  30  in.,  1-2-4  concrete. 

Dead  load  «  280.000  lb.     Dead  load  plus  one-half  the  live  load  »  378,000  lb. 
Live  load    «  196,000  lb. 


Total       «  476,000  lb. 
Maximum  soil  pressure  ■>  4000  lb.  per  sq.  ft.     Allow  12H  %  for  weight  of  footing. 

Now  eolumnl  baa  the  greater  percentage  of  live  load.     Area  required  at  4000  lb.  soil  pressure  on  total  load  ■■ 

(720,000)(1.125) 


4000 

Now  with  one-half  the  live  load,  we  have  a  pressure 

599.000 


->  203  sq.  ft. 


203 


->  2950  lb.  per  sq.  ft. 


Area  required  for  exterior  column  ■■        *        ■■  149  sq.  ft. 

Total  area  of  footing  «  352  sq.  ft. 

Now  the  center  c^  gravity  of  this  area  must  coincide  with  that  of  the  loads  509,000  and  378,000  lb.     Column 

eenters  are  18  ft.  0  in.  - 

.   (18.0)(509,000)       ,«„,,,  ,     , 

c.  g.  IS 887000 ""  ^^'^^  f*'  "om  center  of  column  2 

Now  side  of  column  2  is  on  the  lot  line  so  c.  g.  is  10.35  +  1.25  ^  11.60  ft.  from  end  of  footing. 

Footing  is  to  be  rectangular,  so  length  will  be  2  X  11.6  ->  23.2  ft. 

352 
Width  of  footing  -  g^  -  15.2  ft. 

The  sise  of  the  footing  and  its  location  with  respect  to  the  tw  j  columns  has  now  been  determined.     In  the  de- 
sign of  the  footing,  the  full  column  loads  will  be  used.     The  sum  of  the  column  loads  ■■  1,196,000  lb. 

^^_  1,196.000^  _j_-,. 

With  the  full  loads  the  pressure  at  ah  would  be  somewhat  greater  than  this,  and  at  cd  somewhat  less.     It  will  be 
satisfactory,  however,  to  design  the  footing  for  the  average  pressure. 

M  -  (15.2)(3.95)(    2-){12)(3400)  -  4,800,000  in.-Ib. 

Max.  If  between  columns  1  and  2  -  ^  -  >^^(3_3)"   ^^400)  (15.2)  (18)«(1.5)   -  2,400,000  -  22,600.000 

in.-Ib. 

22.600,000  d  .  ^i  in 

^   "  a08)(r5.2)Cl2)  "  ^^^  **  "  ^  '"• 

Aa  •-  48  sq.  in.  ■■  31 — l>4-in.  square  bars. 

These  bars  must  be  investigated  for  bond.     Shear  at  the  side  of  columns  1  and  2  ■•  396,000  lb.,  so 

"  "  (31)C5K0^)(34)  "  ^  ^^'  ^  '^'  ^-     ^^  deformed  bars. 
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At  column  1:  A«  »  10.2  sq.  in.  «  17  —  ^i-in.  round  bars. 

^      .    .  (3400)(3.95  -  1.42)(15.2)        ^^  „ 

®°^^**^""  -        (17)(2.75)(0.87)(34)        "  »**»*• 
Use  deformed  bars. 

In  this  case  it  will  be  assumed  that  there  is  no  basement  wall  at  column  2.     Transverse  reinforcement  must  be 
provided  at  both  columns  1  and  2. 


At  column  1: 


,-      720.000  ^  (15.2-2.83) 
Af-— 2— X  jg-2— 


X  ^  X  12  -  10,900.000  in.-lb. 

A»  B  24  sq.  in.  Use  24 — 1-in.  square  rods,  4  in 
on  centers,  giving  a  width  of  7  ft.  8  in.  ■■  column  width 
plus  4.5  It.,  or  less  than  2d  (see  formula  tor  width 
within  which  steel  is  effective  in  Art.  40a),  which  is 
satisfactory. 

square  deformed  bars. 
At  column  2: 

M  .  IZ^  X  ^i^H^a  X  5f  X  12-7.a00W 

in.-lb. 

At  >■  16.7  sq.  in.      Use   17 — 1-in.   square   bars,   or 
width  required  -^  64  in.,  which  is  satisfactory. 

15.33 


Shear  at  4-4 


t  — 


(15.2)(3400)  -  396.0001b. 
396.000 


-  741b. 


^    -       ^  396.000  ,, 

At  for  stirrups  ■•     ,g  ^^^  X 


(15.2)(12)(0.87)(34) 

H    "■   16.3    sq.  in.    in 


Fia.  47. 


16,000 

34-in.  length  of  footing.  Use  5  —  H~in>  square  stirrups, 
each  having  22  verticals  in  each  end  of  footing.  The 
stirrup  spacing  will  be  as  shown  in  Fig.  47  (see  chapter 


in  Sect.  2  on  Reinforced  Concrete  Beams  and  Slabs). 

x>       w         u  *       I  1        720.000 -(8)  (3400) 

Funchmg  shear  at  column  1  -  "TZSoauq  87M34)      " 

*>     .^  X      ,  .  693,000 

square.    Depth  requireo  at  column  1  =  (4)(34)r(o  87)120) 

ri^^K          •    ^    *      I          o        476.000  -  (6. 25)  (3400) 
Depth  reqmred  at  column  2 (3)  (30)  (0.87)  (120)         " 

48.5  in.     Sise  of  cap  required  -   (3x34)  (0187)  (120)   ^    ^^ 
in.  square. 

This  footing  might  have  been  designed  with  a  heavy 
beam  running  on  the  column  centers  and  a  thinner  slab  of 
the  area  shown  used,  reinforced  in  a  transverse  direction.  -^ 
On  account  of  shear  this  beam  would  have  to  have  a  cross 
section  of  38(X)  sq.  in.  or  a  beam  about  60  X  66  in.  In 
practically  all  cases  the  design  illustrated  will  be  found  to  be 
the  moet  economical. 

S06.  Trapezoidal  Combined  Footings. — In  this 
case  the  foundation  will  simply  be  proportioned  directly  to 
the  basement  story  column  loads. 

Interior  column  1 load 

Exterior  column  2 load 


175  lb.     Sise  of  cap  required  ■«  (34) 


175 
120 


50  in. 


49  in.     Cap  at  column  1  is  50  X  50  X  15    in. 


Fig.  48. 

390,000  lb.,  column  sise  24  X  24  in. 
476.000  lb.,  column  sise  30  X  30  in. 


Total  load  -  866,000  lb. 

SoU  pressure  ■■  6(XX)  lb.  per  sq.  ft. 

Allowing  12>^  %  for  weight  of  footing,  the  area  required  *=  163  sq.  ft.  Column  spacing  is  18  ft.  0  in. 
In  this  case  we  have  a  concrete  basement  wall  at  the  edge  of  the  footing.  The  weight  of  this  is  included  in  the 
column  load. 


'Tu  *        r  *      »      1   «    1     ^    •    (18)(390.000) 

The  center  of  gravity  of  column  loads  is  — -^ 


8.1  in.  from  column  2,  or  9.35  ft.  from  end  of  footing. 


866.000 

The  footing  will  be  continued  1  ft.  0  in.  past  the  edge  of  column  1.     The  length  of  the  footing  is  therefore  21  ft. 
3  in.  (see  Fig.  48). 

The  widths  C\  and  Ct  must  be  such  that  the  area  of  the  footing  is  163  sq.  ft.  and  the  center  of  gravity  of  this 
trapezoid  is  at  9.35  ft.  from  the  end  as  shown.     Then 

(C.  +  C0(21.25)  _  ^^     ^     c.  +  C..15^ft.  (1, 


«H]utioiu(l)uul  (3) 
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t,  tnipciold 

nd  Ci  -  *.»  ft. 
-  53001b. 


31,25  „ 


laorni 


It  wilt  b( 


tthel 


le  lootins.     Thulinei 


It  dawn  M  •bown 


Naslcctina  tbt  gmsll  negktivc  mamaut  at  oolumn  1. 

Af(mu.)  -   [476.000  -  ( 10. 2  U1.3S)  (3300)1(0.8  - 

-  1,700.000  lt..lb.  -  30,400,000  io.-lb. 

d  -  4S  in.      A.  -  32.7  in.  -  ai—lH-in.  iqiute  rod& 
ChKkipR  for  bond,  *e  ha*a 

"-(21)(SI(0.B7)t45)-"»"'-P""'"-    U"'W™«»1', 
Ths  ead*  of  oDe-tuU  tbe  ban  win  ba 
(Me  Fii.  46) 

Shsu  at  column  2  -  400.000  lb. 
400.000 
'  "  (46K0.87)(10)(12)  ■ 
Stirrups  will  be  uaed  aa  ahowa. 

the  entire  face  of  tba  wall  and  ia  the  same  aa  i.     No  cap  i 

At  eotumD  1  ths  punchins  ahear  ia  104  lb.  par  aq.  in.,  a 
DO  cap  i>  needed. 

the  rigid  ccmerela  wall  will  diatributc  tha  load  at  that  and 
At  column  1,  wa  have 

A,  -  2.0  aq.  In.     Uae  4 — K-in.  square  roda. 


1.2S)  -  53001 


'[<^">(T)  +  (¥)'««"(s)] 


iKSESJ^ 


■Jft" 


Uwll 


redefon 


60e.  ContiiiuouB  Exterior 
Column  Footings.— 'In  many  cases  where 
we  have  a  continuous  concrete  basement 
wall  it  will  pmve  economical  to  use  the 
basement  wall  as  a  beam  to  diatribute  the 
column  load  to  a  continuous  footii^  of  rela- 
tively small  width.  A  footing  of  the  type 
ij  ^i'S  /fr-rrs^  is  ahown  in  Fig.  SO.  The  following  is  an  ex- 
i^f^o^  ample  of  its  design.     Note  that  the  footing 

is  concentric  With  the  column  and  that  con- 
sequently the  projections  from  the  wall  vary. 


Basement 

Mmy 

oolumn 

load  - 

4S0.O00  lb.     Column  siie,  30  X  30  in 

SoUproa 

40001b 

Colu 

e  spaced  18  It.  c.  to  e. 

BaseiDsn 

wall 

0  ft.   X    IB 

-isooib 

Footinc,. 

about  8  ft.  X  19 

m. 

-  ISOOIb 

Total  load  -  MO.OOO  lb. 

3400  lb 

pari 

Ar«-5^-,36sq 

ft. 

w -3560  lb.- 

End  sbMT  in  waU 

.- 

tod'"'-(2)(l!0)(0,87)(m)- 

leiD. 
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The  maiimum  momant  in  the  back  p»rt  nS  the  frxiUiis 

MdnajL.)  -  (3460)  (^^)  (12)  -  288,000  In.-lb. 
d  lequired  —  IG  in.     Ubs  18  in.  depth  -  21  in. 

Ai  •  1,14  iq.  in.     U»  S — H'i"-  xiiuue  rod>  per  linear  toot  of  mIL 
„      .  (3.07)(35«H  „. ,.       „       ,  , 

^'"^-(SiUKO.STHlBi-^"'-     "«<io(o™edb«™. 
Embedment  of  3  It.  S  in.  -  SI  di>meter>.     Embedmeat  of  2  ft.  4  In.  < 


-  (3680)   (^) 


Unbatuoed  V  -  388,000  -  134.000 


-  131.000  in.-lb. 
154,000  in.-lb. 


*bU  - 


l.  in. 


m 


a  aide  -  a£3  H).  Id. 
End  ahakr  -  (8a}<120)(ie.e)  -  188.500  lb.  on  atimipa. 
A.  ••  10.0  eq.  tn,  in  10  It  -  20— K-in.  equare  BtimiiM  - 
40  in  the  beam. 

U  in  beam  -  (7.G)(3G00ja8)>  -  8,650,000  in.-tb. 
A,  -  5,1G  aq.  In.  -  4— IH-ln.  aquare  roda. 

81.  Reinforced  Concrete  CsntUerer  Footings. — 
This  type  ot  footing  may  be  used  with  economy  in 
some  casea  when  the  exterior  columns  arc  adj&cent 
to  the  property  line.  In  this  type  of  dcsi'Kn  it  b  not 
good  practice  to  use  the  basement  wall  as  a  be&m  to 
distribute  the  column  load. 

Taka  an  eiterlor  eolun 
24  X  24  in.     Soil  preaaurs 

The  load,  momeiit,  and 
the  action  of  the  cantilever 


moment  cauaMl  by  thia  «ce 
9  order  to  balance  the  mor 
nuat  be  applied  at  column 
the  wei(ht  of  the  lootini  tc 
t  lJ>i  %  for  the  fo 
<  4  ft.  S  in.  ia  required. 


and  beam  C  reaieta  the  bendinx 
tricity.  By  momenta  we  find  that, 
snt  in  beun  C.  a  load  of  20,700  lb. 


Tbe  aeetioD  of  C 


n  2  will  be  governod  by  Bh< 

29.700 

(1001(0  87) 

Beam,  Ifl  X  26  in.  ia  Htiilaolory. 

Note  that  the  25  -  H-i".  aqaare  ban  uged  in  beam  i 

rormed  ban.     Note  alao  particularly  that  beam  C  ig  not 

tion  mu*t  be  left  open  (udec  the  beam.     Ttua  oan  be  aii 


on  the  grc 
in  tbe  lorn 
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63.  Concrete  Raft  Foundations. — Where  the  safe  soil  load  is  very  low  it  is  sonietimeB  poo- 
eible  and  desirable  to  use  concretfi  raft  or  mat  covering  the  entire  building  sit«.     This  type  of 
foundation  is  usually  more  economical  than  piles.    The  laft  may  be  designed  either  sa  a  fiat 
sl^  or  as  beam  and  slab  con- 
struction.    Tlie  beam  and  slab 

is  usually  more  expensive  but 

has  the  advantage  over  flat  slab 

that  the  piping  below  the  base- 
ment   floor   may  be  installed 

after  the  foundation  work  is 

done  instead  of  before.     There 

is  nothing  unusual  about  the 

preparation   of  these  designs. 

In   Pigs.  S2  and  53  two  such 

designs   are    illustrated.      The 

dead  weight  of  the  foundation 

will   simply  balance   a   certain 

amount  of  upward  soil  pressure 

and  so  the  weight  of  the  founda- 
tion will  not  enter  into  the  slab 

design.     If  the  column  bases  or 

inverted  caps  shown  in  Fig.  G2 

arc  objectionable,  they  may  be 

eliminated    and    the    slab   in- 

creased    in   thickness   for  the 

increased  moments  and  shear  resulting. 

M.  Piers  Sunk  to  Rock  or  Haidpsn. — The  most  desirable  foundation  for  high  buildings  is 

the  concrete  pier  sunk  to  rock  or  to  a  very  hard  formation.     It  has  also  been  found  that  for 

6-stoiy  buildings  where  the  site  consists  of  a  soft  clay  or  other  material  overlying  a  hard  forma- 
tion at  a  depth  of  30  or  40  ft.,  that 
these  piers  are  more  economical 
than  piles  or  spread  footings.  In 
Chicago  these  piers  are  called 
f  caissons  and  are  widely  used. 

If  1-2-4  concrete  is  used,  the 

Chicago  Ordinance  allows  the  cross 

J  section  of  the  pier  to  be  determined 

^  by  using  a  concrete  stress  on  the 

entire  section  of  400  lb.  per  sq.  in. 

for    the    basement-story    column 

[  load.     Where  the  piers   are  sunk 

to  hardpan  and  not  to  rock,  the 

bottom  of  the  pier  is  belled  out  so 

that  a  bearing  on  the  hardpan  of 

13,000  lb.  per  aq.  ft.  is  obtained. 

The  weight  of  the  pier  must  be 

added  for  this  calculation.     The 

J  height  of  the  conical  portion  is 

equal  to  the  difference  in  diameter 
between  the  bottom  and  the  pier 
'■-■  '^  .Mt. 

64,  Rolnforced  Concrete  Footings  on  Piles. — These  footings  may  be  of  the  same  types  as 
those  designed  under  Arts.  49,  fiO,  and  61.  They  may  also  be  constructed  as  mattresses  or  raft 
foundations  as  illustrated  in  Art.  52.     The  only  difference  in  the  design  from  that  of  the  spread 
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footings  is  that  the  pile  loada  are  treated  as  concentrated  loads.  Most  building  ordinance* 
require  that  the  top  6  id.  of  the  piles  be  eDcloscd  in  concrete  which  is  not  considered  as  contribut- 
ing to  the  footing  strength.  The  footing;  must  be 
deep  enough  at  all  points  so  there  is  sufficient  punclt- 
ing  shear  resistance.  In  most  ordinances  wood  plica 
are  figured  at  a  maximum  bearing  value  of  20  tons. 
Concrete  piles  are  figured  at  the  top  section  the  same 
as  a  concrete  column.  The  following  is  an  example  ot 
a  reinforced  footing  design  over  wood  piles  (see  Pig.  54). 
Culuian  load  ■•  700.000  lb.  Column  aiie.  36-iii.  diuneUr. 
I-a-4  concrete. 

Prenute  on  base  of  column  —  090  lb.  pet  tq.  in.      Area  at 


d  atedieotcBp  ' 


(4)(5S1(120)'20 
d  ovei  B  |ri1e  for  punehini 
pile  -  40.000  lb. 


■  27  ii 


Take  pile  14-iD. 
40,000 

U)tl4)(120)  "  '■    '"■ 

IMlea  and  ino  hnlf  piles  - 


we   hare  the 


(12.5H12HOK7)<40) 


^ 


20    (12OK0.87)(lO) 
rt  AB  -    f^)  (700,0001  (32>i)  -  3, 
It  AC  -    (^)  (700,000)(17M)  -  2 


'■f>itr-f'\te^i\ 


3 


We  have  27  in. 
otion  -  »,I  sq.  in.  -  24  —  H-iti. 

700.000 

(24){2.a)t0.87)(27)  '"    '"■    *" 

ion'''-   CSS  aq.  in.   -   2S— H-in. 


700.000 


lo  0  o  e  d 


aooa 

=  «<.«« 

Bflflt 

20    {2U)(2KO.S71(27) 
20  X       -;     -    M-in.    Bqui 


51b. 


defonned 


ban  '  30  — ^i-in.  I 

The    varioL 
their  sped  Beat  io 


ft  444 

FvMm  A6,-^AiTancement  of 


building  departments  have 
covering  the  distance  of  piles 
center  to  center.  In  the  example  worked  out  2 
ft.  6  in.  was  used  and  this  should  be  the  mini- 
mum for  wooden  piles  except  where  piles  are 
spaced  as  in  Fig.  55  where  the  centers  may  be 
2  ft.  6  in.  X  2  ft.  4  in. 

Concrete  piles  are  usually  spaced  about  3  ft. 
0  in.  on  centers.     The  design  of  foundations  over 
them   is  similar  in  every  way  to  the  footing  de- 
sign for  wooden  piles  except  that  the  load  per 
of  footinBi.  pile  will  be  much  greater  in  most  cases. 
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For  concrete  piles  placed  as  in  Fig.  55  a  spacing  of  3  ft.  0  in.  in  one  direction  and  2  ft.  7  in. 
to  2  ft.  9  in.  normal  to  it  is  used. 

The  diagrams  of  pile  arrangements  given  in  Fig.  56  will  be  found  conrenient.  The  spacing 
of  the  piles  is  not  given  as  the  designer  must  comply  with  the  local  specifications  in  this  matter. 

55.  Steel  Beam  and  Girder  Footings. — Steel  beam  footings  are  not  now  used  to  any  great 
extent.  The  footing  consists  of  tiers  of  steel  beams  placed  side  by  side  and  embedded  in  con- 
crete, as  shown  in  Fig.  4,  p.  118.  The  method  of  design  for  steel  beam  pier  footings  is  described 
in  the  illustrative  problems  on  pp.  121  and  1 22.  Steel  girders  are  used  in  combined  and  cantilever 
footings  of  this  type  to  distribute  the  loads.  The  method  of  designing  a  steel  girder  for  a  com- 
bined footing  is  given  in  the  illustrative  problem  on  p.  187. 


FLOOR  AND  ROOF  FRAMING — TIMBER 

Bt  Henbt  D.  Dewbll 

66.  Floor  Construction. 

56a.  Thickness  of  Sheathing  and  Spacing  of  Joists. — The  type  and  intended 
use  of  the  building  will  in  a  great  measure  determine  the  general  arrangement  of  floor  system, 
the  thickness  of  sheathing,  and  the  approximate  spacing  of  joists.  For  timber  floors  carrying 
light  loads,  as  dwelling  houses,  apartment  houses,  schoolhouses,  and  oflice  buildings,  the  sheath- 
ing is  usually  of  double  thickness,  consisting  of  an  under  floor  of  rough  1  X  6-in.  boards,  laid 
diagonally  with  the  joists,  and  an  upper  floor  of  %-in.  tongue  and  grooved  flooring.  The  joists 
for  this  class  of  buildings  are  usually  2  to  3  in.  nominal  thickness,  spaced  16  in.  on  centers,  and 
of  such  depth  as  is  necessary  for  strength  and  stiffness.  The  spacing  of  16  in.  for  the  joists 
must  be  maintained  when  a  ceiling  of  wood  lath  and  plaster  is  supported  from  the  under  side  of 
joists.  Usually,  the  span  of  the  joists  will  not  exceed  20  ft.  Floor  joists  2  X  8  in.  are  the 
smallest  size  that  should  ordinarily  be  used,  while  the  maximum  depth  for  a  2-in.  thickness 
should  not  exceed  16  in.  If  a  stronger  joist  than  a  2  X  16-in.  is  required,  the  thickness  should 
be  increased  to  3  in.  with  a  maximum  depth  of  18  in.,  or  the  spacing  decreased  to  12  in.  With  a 
ceiling  supported  from  the  floor  joists,  the  size  of  joists  must  be  sufficient  to  keep  the  deflection 
of  the  joists  when  fully  loaded  to  3^^ 60  of  the  span  of  the  joists.  In  making  such  a  computation 
for  deflection  the  load  of  ceiling,  joists  and  bridging,  flooring  and  any  partitions  is  considered 
as  the  constant  or  ''dead"  load,  and  the  modulus, of  elasticity  used  should  not  exceed  ^  that 
given  in  Sect.  7,  Art.  10  for  the  particular  kind  of  timber  used.  The  deflection  for  live  load 
is  computed,  using  the  full  value  of  the  modulus  of  elasticity.  The  total  deflection  to  be  ex- 
pected is  the  sum  of  the  two  partial  deflections. 

In  buildings  where  floors  oarry  much  heaTier  loads,  as  warehouses,  lofts,  eto.,  the  flooring  is  usually  IH  iQ> 
thick  as  a  minimum.  If  such  a  building  has  no  ceiling,  the  spacing  of  joists  may  profitably  be  increased  over  16  in. 
In  general,  the  most  economical  floor  will  occur  with  short  spans  for  joists  and  girders,  and  consequently  small  sise 
joists.  On  the  other  hand,  many  other  factors  enter  which  may  warrant  longer  spans  for  both  joists  and  girders, 
and  the  most  important  of  these  factors  is  the  advantage  of  having  as  few  poets  inside  of  a  building  as  possible. 
In  the  framing  of  the  first  floors  of  buildings  where  such  floors  are  but  a  few  feet  off  the  ground,  it  wUl  usually  be 
found,  for  example,  that  for  a  live  locul  approximating  100  lb.  per  sq.  ft.,  the  most  economical  system  of  framing 
will  be  6  X  6-in.  posts,  6  X  8,  or  6  X  10-in.  girders.  2  X  8-in.  joists,  the  floor  bays  being  approximately  10  X  10 
ft.  In  the  above  statement,  it  is  assumed  that  the  footings  rest  on  the  soil;  for  pile  foundations  the  situation  would 
be  entirely  different.     In  the  latter  case  economy  will  dictate  the  use  of  long  spans  to  utilise  the  full  capacity  of  pile. 

Comparing  2-in.  joists  with  3-in.  joists  of  equivalent  strength,  it  may  be  pointed  out  that,  since  the  actual 
finished  thickness  of  a  3-in.  jmst  when  surfaced  one  side  is  2^  in.,  and  the  finished  thickness  of  a  2-in.  joist  is  1^-in., 
the  loes  of  strength  by  surfacing  b  18.75%  in  a  2-in.  joist  and  12.5%  in  the  3-in.  joist,  or  an  economy  of  6.25%'for 
the  3-in.  joist,  although  the  price  of  the  3-in.  timber  will  be  slightly  higher  than  the  2-in.  stock.  Only  a  comparison 
of  several  schemes  for  an  actual  case  will  indicate  the  cheapest  construction. 

For  proper  spiking  the  thickness  of  joist  should  be  somewhat  greater  than  the  thickness  of  single  floor  spiking 
to  it.     Using  floor  boards  of  2-in.  tnickness,  the  joists  should  be  3  in.  thick. 

66&.  Bridging. — Bridging  consists  of  timbers  placed  between  joists  to  support 
them  laterally.  Bridging  is  either  solid  or  of  the  cross  or  herring-bone  type.  The  latter  method, 
shown  in  Fig.  57,  is  the  more  effective  of  the  two  types,  since  it  not  only  supports  the  joists 


378  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  S-56c 

laterally;  but,  in  the  event  that  a  concentrated  load  comes  on  one  joisti  the  bridging  will  ef- 
fectively assist  the  flooring  in  distributing  a  portion  of  the  load  to  the  joists  at  either  side. 

For  joists  2  X  10  in.  and  under,  cross  bridging  1  X  4  in.  or  1  X  3  in.  will  be  sufficient.     For  joists  2  X  13  in. 

and  larger,  the  cross  bridging  should  be  at  least  2X3  in.,  and  for  the  larger 
sises  of  joists,  2  X  4  in. 

Solid  bridging  oonsiBts  of  pieces  of  planks  of  the  same  depth  as  the  joistB, 
cut  and  fitted  between  the  joists.  Solid  bridging  should  never  be  leas  than  2 
in.  thick. 

Fxa.  57. — Detail  of  herring-  All  bridging  should  be  neatly  and  snugly  fitted  between  the  joiets  and  well 

bone  bridging.  nailed  thereto.     It  should  be  continuous  throughout  a  line  of  joists  having  a 

common  span.     Croes  bridging  should  be  placed  at  intervals  not  to  exceed 
8  ft.     All  joists  should  be  solid  bridged  over  supports. 

56c.  Arrangement  of  Girders. — With  a  rectangular  floor  bay,  the  economical 
arrangement  of  girders  and  joists  is  to  make  the  girders  span  the  short  side  of  the  rectangle, 
the  joists  taking  the  longer  span. 

For  general  stiffness  of  the  building,  the  girders,  where  possible,  should  run  parallel  to  the 
transverse  axis  of  the  building.  It  may  be  advisable,  if  clearances  will  permit,  to  use  knee 
braces  from  girders  to  columns,  but  in  any  case  the  span  of  girder  should  always  be  taken  as  the 
distance  between  center  lines  of  end  bearing  on  columns  or  walls.  Knee  braces  should  prefer- 
ably be  fitted  or  attached  to  girders  and  columns  after  the  full  dead  load  of  floor  is  in  place; 
otherwise  even  the  slight  deflection  of  girder  may  put  heavy  bending  stresses  in  the  columns. 


Openings  for  stairs,  etc.,  make  the  case  of  non-imiform  loading  more  likely  to  be  encountered  in  the 
floor  girders  than  in  the  case  of  joists. 

If  double  girders  are  necessary,  an  air  space  should  be  left  between  them,  and  the  two  girders  coniiocted  at 
short  intervals,  say  2  ft.,  by  pairs  of  bolts,  luing  cast-iron  separators  between  the  girders.  This  air  space  is  neoes- 
sary  to  prevent  dry  rot  taking  place,  although  for  fire  protection,  such  air  space  is  imdeeirable.^ 

56(2.  Connections  to  Columns. — ^To  prevent  the  girders  in  falling  from  pulling 
the  columns  with  them,  in  case  of  fire,  standard  practice  recommends  that  the  attachment  of 
girders  to  columns  be  made  self-releasing.  The  writer  believes,  however,  that  in  the  event  of  a 
fire  serious  enough  to  bum  through  the  girders,  the  interior  posts  of  the  building  are  almost 
certain  to  fall.  For  this  reason,  where  it  is  necessary  to  secure  lateral  stiffness  in  a  building, 
he  believes  it  well  to  design  the  connections  of  girders  to  columns,  and  joists  to  columns,  rela- 
tively strong,  providing  continuity  across  the  columns.  Details  of  such  connections  are  dis- 
cussed in  Sect.  2,  Art.  123. 

666.  Connections  to  Walls. — 'All  girders  and  joists  entering  masonry  walls  should 
rest  upon  steel  or  iron  bearing  plates,  well  painted.  An  air  space  should  be  left  around  the 
ends  of  joists  and  girders.  In  order  to  allow  the  girders  or  joists  to  fall  without  pulling  the 
walls  over  in  case  of  fire,  the  ends  of  the  timbers  are  usually  cut  back,  as  in  Fig.  58.  For  tying 
the  girders  and  joists  into  the  walls,  iron  or  steel  anchors  are  used,  as  illustrated  in  Fig.  5S. 
These  anchors  should  be  approximately  K  X  IM-ii^*  straps,  one  end  forged  into  a  lug  to  fit 
into  a  notch  in  the  upper  side  of  girder.  The  portion  within  the  wall  may  be  bonded  into 
the  masonry.  Sometimes  an  anchor  consisting  of  a  round  rod  is  passed  through  the  wall,  and 
is  fitted  with  an  exterior  ornamental  cast-iron  washer  on  the  outside.  The  other  end  of  the 
rod  may  be  forged  into  a  fiat  strap  with  a  lug  as  before. 

Every  girder  should  be  anchored  into  the  wall.  In  the  case  of  joists,  at  least  every  sixth  joist  should  be  so 
anchored.     Building  ordinances  usually  prescribe  in  detail  the  sise  and  arrangement  of  wall  anchors. 

JcHsts,  closely  spaced,  entering  a  masonry  wall  weaken  the  walls.  Further,  unless  very  careful  inspection  is 
maintained,  one  can  never  be  certain  that  proper  air  spaces  will  be  left  around  the  timbers  entering  the  walL  For 
this  rea&on,  there  have  been  developed  wall  boxes,  made  of  malleable  iron,  steel,  and  cast  iron,  which  insure  an  air 
space  around  the  jcnst  or  girder,  and  at  the  same  time  allow  the  timber  to  be  self -releasing  in  case  of  fire.  The  tie 
between  timber  and  wall  is  secured  by  a  lug  on  the  base  of  the  anchor  which  engages  a  notch  on  the  under  side  of 
jobt  or  girder.     Typical  box  anchors  are  shown  in  Figs.  59  to  62  inclusive.     Fig.  63  shows  a  Duplex  wall  plate. 

A  third  method  for  support  of  joists  and  girders  is  the  wall  hanger  shown  in  Figs.  64  and  65.  With  the  wall 
hanger,  no  hole  is  left  in  the  wall.     Since  the  joists  and  girders  with  this  device  extend  only  to  the  inner  surface  of 

>  In  mill  oonstruction,  this  air  space  is  considered  objectionable  by  many  since  it  forms  a  concealed  spaoai 
which,  in  the  event  of  fire,  cannot  be  reached  by  water  from  the  sprinklers. 
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n/.  Typlctl  Floor  Bay  D«Bl(a. — The  following  example  will  illuBtrate  the 
necessary  computations  for  designing  the  joists  and  girdera  of  a  typical  floor  bay.  Tha  fmiiing 
plan  of  the  bay  is  shown  in  Fig.  66. 


Fto.  DO.— "Ide«l"  wtU  box. 


Flo.  61 .— Lftne  wroiicht  ttael  wall 


Fia.  S2.~Dupl«i  mil  boi. 


Fio.  G3.— Duplex  w«ll  pUta. 


M.  Duplti  wkll  fa*ni«. 


Fio,  OS. — "Fall*"  jolit  tuwcn. 


D>U;  OfEM  floor:  paiUUoos  2  X  ' 
e  in.,  uppar  floor  1X4  in.,  T  ±  O 
!  load  for  girdera.  48  lb.  per  aq. 
pproximate  dead  load,  oall  Hoa 
llov  ]lb.p«r0q.  ft.  forbridcing 


1.  (t. :  li 


..  pl«at«red  both  aldea,  IS  It.  hish;  floariiis  doubia,  undat  floor  rouib 
iling  plastered;  toista  16  in.  on  oeatara;  live  load  for  juatt.  SO  lb-  per 
:  live  load  for  ataira.  75  lb.  per  gq.  ft. 


atnii^tural  graije,  all  timben  to  b«  t«k<n  aa  S131E,>  working  atrcM  II 


>  Surfaced  on*  aide  and  oi 
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Jouti  Gi 

FlaoriDB <l 

Jototi « 

Bridpni 1 

Girder 0 

Total  (leul  loul 18 

Live  loftd DO 

Total  desd  &nd  liTe  loul TS  lb,  psriq.  ft. 


Fio.  8B. — FraminB  pUn  of  typio»l  floor. 

Tvpital  Joil  A.—Bpui  20  fC;  IdmI  -  (20) HH) (.''»)  -  2080  lb.  From  TkbW  7,  p.  110.  it  ii  found  that  a  2 
X  12-in.  i(Hit  OD  ■  30-[t  apu  will  carry  3149  lb.,  limited  i,^  bsndlDi.  The  load  produdnc  a  deflection  of  H*  in- 
per  loot  of  spaa  ia  1230  lb.,  ho  that  a  daeper  Joist  muit  be  ehoaea.  Since  for  dead  load  a  moduliu  of  sluUcity  may 
tM  lued  of  only  H  ol  that  lued  for  live  load,  the  dead  load  of  IS  lb.  per  aq.  ft.  will  be  multiplied  by  tbe  factor  H 
fivint  24  lb.  per  aq.  (t.,  makini  a  total  loadins  of  84  lb.  per  sq.  ft.,  and  a  total  load  of  2240  lb.  to  be  conaidercd  ac 
producinc  defleotian,  A^ain,  enUrins  tlie  tables  :t  is  found  that  the  safe  load  for  a  2  y  t4-in.,  as  limited  by  detlee- 
Uon,  ii  2IS3  lb.    This  load,  while  ali(btly  under  the  required  loadins,  will  be  taiien  aa  ■sUsfaetory,  and  2  X  14-in. 


Sec  S-56/] 


STRUCTURAL  DATA 


381 


Table  1. — Stud  Partitions* 

Weight  and  Btrength  baBod  on  actual  aise 

Board  measure  based  on  nominal  siie 

Add  weight  of  plaster  or  ceiling 

Single  plate  top  and  bottom  included,  same  eise  as  studs 

Safe  Load  Based  on  Studs  Being  Bridobd  at  Center 


Nominal  siie 

Actual  size 

Distance 

on  centers 

(inches) 

Height  (feet) 

Per  linear  foot  of  partition 

Safe  load* 

Weight 

Board 

(pounds) 

(pounds) 

feet 

2X4 

IH  XZH 

12 

8 

'  3,723 

16.30 

6.66 

12 

10 

2060 

3.180 

19.56 

8.00 

12 

12 

.  2,631 

22.82 

9.33 

16 

8 

f  2.793 

13.04 

5.33 

16 

10 

1540      2.385 

15.50 

6.33 

16 

12 

I  1.974 

18.00 

7,33 

2X6 

IHXSH 

12 

8 

'  5,767 

25.30 

10.00 

12 

10 

3200 

4.926 

30.56 

12.00 

• 

12 

12 

.  4,076 

35.42 

14.00 

16 

8 

'  4.326 

20.24 

8.00 

16 

10 

2400 

3,699 

24.03 

9.50 

• 

16 

12 

.  3,057 

27.83 

11.00 

2HX6 

2>4  X  5H 

12 

8 

f  9,079 

34.30 

12.50 

12 

10 

4330  <    8.250 

41.16 

15.00 

12 

12 

[  7.4'22 

48.02 

17.50 

16 

8 

'6,808 

27.44 

10.00 

16 

10 

3250 

6,187 

32.59 

12.00 

16 

12 

5,566 

37.73 

13.75 

3X6 

2H  X  5H 

12 

8 

f  11,823 

42.00 

15.00 

12 

10 

5300      10.992 

50.40 

18.00 

12 

12 

[  10,175 

58.80 

21.00 

16 

8 

'  8.868 

33.60 

12.00 

16 

10 

3970 

8.244 

39.90 

14.25 

16 

12 

^  7,630 

46.20 

16.50 

2X8 

IH  X  7H 

12 

8 

f  7,692 

33.80 

13.33 

12 

10 

4260      *^'^^^ 

40.56 

16.00 

12 

12 

*^°"  1  5.436 

47.32 

18.66 

12 

14 

[  4.316 

54.08 

21.33 

16 

8 

(  6.769 

27.04 

10.66 

16 

10 

3200  \  ^'^2^ 

32.11 

12.66 

16 

12 

•^'^  1  4,077 

37.18 

14.66 

16 

14 

[  3,236 

42.25 

16.66 

2H  X8 

2>i  X  7H 

12 

8 

r  12.382 

46.80 

16.66 

12 

10 

5900      "'252 

56.16 

20.00 

12 

12 

°"""|   10.122 

65.52 

23.33 

12 

14 

[    9,008 

74.88 

26.66 

16 

8 

f  9,286 

37.44 

13.33 

16 

10 

4420      ®'^^® 

44.46 

15.83 

16 

12 

*^^  I  7,591 

51.48 

18.33 

16 

14 

[  6,756 

58.50 

20.83 

3X8 

2H  X  7M 

12 

8 

r  16,124 

57.20 

20.00 

12 

10 

7220 

14,990 

68.64 

24.00 

12 

12 

13,877 

80.08 

28.00 

12 

14 

k 

12,743 

91.52 

32.00 

16 

8 

f 

12,093 

45.76 

16.00 

16 

10 

5420  < 

11,242 

54.34 

19.00 

16 

12 

^rmm0^     ^ 

10,408 

62.92 

22.00 

16 

14 

i 

9,557 

71.60 

25.00 

1  From  the  Southern  Pine  Manual  (modified) 
*  Safe  loads  in  first  column  as  limited  by  bearing  on  top  and  bottom  plates  at  350  lb.  per  sq.  in. 
in  second  column  as  limited  by  column  action  (Winslow's  formula  with  p  «  1000  lb.  per  sq.  in.). 
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Typical  JoUl  B, — Since  the  cciliog  miut  be  oontinuous,  the  same  sixe  of  joists  will  be  continued  for  the  shorter 
span. 

Header  H. — The  load  eominff  on  this  beam  from  the  floor  is  a  girder  load.  Consequently,  the  uniCormlj  di»- 
tributed  floor  load  «  (14)  (8)  (68)  -  7616  lb.  The  partition  lumber  will  weigh  18  lb.  per  lin.  ft.  (.see  Table  1). 
Adding  plaster  for  two  sides  at  5  lb.  per  sq.  ft.  per  side,  gives  a  total  load  per  linear  foot  of  18  +  (12)  (10)  ■>  138  b. 
The  partition  load  on  the  header  therefore  »  (14)  (138)  -  1930  lb.  Total  load  on  header  -  9546  lb.  From  Tabk 
9,  p.  113,  it  is  found  that  a  4  X  14-in.  timber  on  a  14-ft.  span  will  carry  9764  lb.  in  bending,  and  9415  lb.  as  limited 
for  defleotion.    Ag»in  reducing  the  dead  load  to  equivalent  live  load,  we  have, 

(14)(8)(20)(1H)  -    2,987 

(1930)  (IH)  -    2,570 

Live  load  -  (14)  (8)  (48)  -  5,370 


10,927  lb. 

This  load  is  10  %  in  excess  of  the  limiting  load  for  deflection  for  a  4  X  14  in.  On  the  other  hand,  the  safe  losd 
as  limited  by  deflection  for  a  6  X  14  in.  is  13.808  lb.,  wliich  is  47  %  too  heavy,  and  the  actual  span  is  13  ft.  8  in. 
instead  of  14  ft.  0  in.     A  4  X  14  in.  will  therefore  be  used. 

Trimmer  C— Uniform  partiUon  load  =  (138)  (20)  »  2760 

(20)(1H)(78) 


Uniform  floor  load  ■■ 


1040 


Total  uniform  load  -  3800  lb. 

Since  there  is  a  concentrated  load  on  this  header,  also  a  portion  of  a  uniform  load,  in  addition  to  the  uaiform  floor 
load  figured  above,  we  will  compute  the  maximum  bending  moment.  Fig.  G7  represents  the  actual  loadui0 
diagrammatically. 


6(^/h 


3354//1 


Fia.  67. — Diagram  of  loads  on  Trimmer  C. 


The  live  load  acting  as  a  concentration  (the  reaction  of  Header  //)  is  a  girder  load  for  which  a  20  %  reduction 
may  be  taken  from  the  live  load  for  joists. 
The  concentrated  load  at  P  is,  therefore. 

Floor  -  (7)  (8)  (68)      =  3810 
PartiUon  -  (138)  (7)  -    066 


4776  lb. 

The  portion  of  uniform  load  on  the  trimmer  not  yet  considered  »  (78)(16)(H)  ■"  830  lb. 
Bending  moments  and  reactions: 
Uniform  load  of  3800  lb. 

M  -  (>^) (3800) (20)  -  9600  ft.-lb. 
«i  -  «i  -  1900  lb. 
Concentrated  load: 


Ri 


Rt 


M 


Small  uniform  load: 


Rt  - 


(4776)  (16) 

20 

(4776)(4) 

20 
(3820)(4) 

(830)  (8) 

20 
(830)  (12) 

20 


3820 


956 


4776  lb. 
-  15,280  ft.-lb. 


3321b. 


498  lb. 


M  -  (332)  (4) -1328  ft.-lb.  (approximately) 
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Fig.  68  ihowa  th*  bendins  monMot  curvea  plotMd  stsphiiiallir. 

The  eoDitructioa  ot  (hs  puabola  of  unifarm  moiMnU  i*  limple,  a  racUnale  bcins  eraotod  on  the  ipan  with  ft 
kwicht  ol  9500  f(.-lb.  to  ccale.     The  soda  uid  half  amnB  are  divided  into  tha  lame  number  of  equal  parte  (in  Ihia 

of  upper  aide  of  raetangle  to  the  division  points  on  the  *idea.     The  interaection  of  aornapoiidiDi  radiating  lines  and 
ordinate!  fix  punla  oo  the  parabola.     The  triage  ot  momenc  For  the  concentrated  load  ia  indicated  by  the  dotted 
line.     Thia  triansle  ia  inonwsed  tot  the  moment  o[  the  small  unifonn  load  (increase  in  moment  -  1328  ft.-ib. 
•t  a  pfunt  4  ft.  from  left  aupport).     The  moment  ol  tha  small  load  is  also  eompuled  at  a  point  8  ft.  from  the  right 
end  of  trimmer.      If  -  (I2K33Z)  - 
<4)(4IS)  -  3334  ft.-lb.    The  ordinate 
to  the  triangle  of  the  moment  of  P 
la  therefore  inereaMd  by  1328  ft.-lb., 
and  the  full  line  drawn  to  represent 
the  inereased  bending  moment,  pass- 
ing through  the  point  S  ft.  from  left 
■upport  that  represents  the  ineteaaed 
ordinate  of  132S  ft.-lb. 

From  the  diagram,  the  maximum 
bending  moment  Is  Z2,SS0  ft.-lb. 
Since  tbe  depth  of  floor  eonstraction 
ia  Umit«l  to  14  la.,  it  is  evident  from 
the  oomputaUans  for  the  joiats  that  a 
fiber  stress  ol  1800  lb.  per  eq.  in.  can- 
not be  used  without  exceeding  the 
aOowed   deflection.     In   the    case   of 

jDiat"A"a3X  li-in.  Joist  was  used  -  _ 

when  for  strength  a  S  X  13  in.  was  Motttff  of  COn^nfranon 

found  to  be  eatisfactory.     The  ratio  r,Q.  08.— Diagram  of  bending  moments  for  Trimmers  C  and  D. 

ol  tbe  strengths  of  tbe«e  two  joists  is 

3190/3149.      In  other  words,  the  fiber  stress  in  the  2  X  14-la-  joist  approximately  -  (3149/3100)  (1800)  -  121S 

lb.  per  sq.  in.     A  fiber  stress  of  1300  lb.  per  sq.  in.  wilt  therefore  be  used  for  an  appronmate  solution.     Entering 

Table  e.  p.  108.  we  find  that  an  8  X  14-iii.  beam,  ^aed  to  TH  X  13H.  haa  at  1300  lb.  per  aq.  in.  a  aofa  resisting 

moment  ol  22,781  lt.-]b.,  which  is  satisfactory. 

TrinnHT  D. — The  oaleulations  for  Trimmer  D  an  limilar  to  those  for  Trimmer  C.  No  uniform  partition  load 
oeeurs  on  the  trirankar.  However,  there  exists  a  stair  load  at  the  left-hand  end.  The  dead  and  live  load  for  the 
ataira  winbeaaaomedatTfilb.  persq.  ft.  [  (L.  L.  7S)(S0%|  +  (D.  L.  16)1  -  75  lb.  per  aq.  ft.  The  reaction  ol  Uie 
•taira  wiU  therefore  -  (7)(4)(7E)  -  2100  lb.,  carried  by  two  stringers.     Only  the  reaction  ol  one  rtringer  applied 

B,  gives  a  total  concentration  of  477S  +  1050  -  5820  lb. 

Forsimplicity  it  willbeassumed  that  TrimmcrCtsliBBaloadequBl  tothat  of  J(^t  "A."or  20S0lb. 

U  -  (K)(30S0)(30)  -  5200  ft.-lb.     R.  -  Ki  -  1040  lb.  ' 
Coaoentratcd  load: 

«i  -  '-5????M1  .    4aao  lb. 

R^  -  ^^^—  -     IIM  lb. 
M  -  (46G0)(4)  -  18,840  ft.-lb. 
The  lUagram  for  bending  moments  ia  shown  by  the  dot  and  dash  lines  ii 
moment  is  approximately  33,800  ft.-lb.,  so  an  S  X  14-in.  timber  will  be  used. 

The  maximum  vertical  shear  is  S700  lb.    The  masimum  intensity  of  horiso 
—  86  lb.  per  aq.  in.,  which  is  well  within  the  permissible  unit  strew. 

67.  Roof  ConstmctioD. 

6Ta.  ThjckneBS  of  Sheathing. — Except  in  mill  conHtmction,  the  thickncM  of 
roof  flheathiRg  is  seldom  over  1  in.  nominal,  or  '  Ke  i"-  finished.  For  roofa  with  a  finish  of  tar 
or  asphalt  and  gravel,  or  prepared  roofing,  either  built  up  on  the  job  or  ready  roofing,  the  sheath- 
ing should  be  dreesed  and  matched  and  of  good  quality,  not  less  than  No.  2  Common.  The  span 
of  sheathing  of  this  size  is  usually  limited  by  deflection,  rather  than  strength,  although  the 
strength  should  always  be  investigated.  Roofs  are  always  walked  upon  at  some  time  or  another, 
and  appreciable  deflection  of  the  sheathing  will  teod  to  break  off  the  tongues  of  tongue-and- 
grooved  lumber.  Shiplap,  instead  of  tongue-and-grooved  lumber,  may  be  used.  The  two 
sections  are  shown  in  Figs,  69  and  70. 

Sib.  Spacing  of  Root  Joists. — If  the  roof  joists  support  the  ceiling  also,  their  "- 
should  not  exceed  16  in.,  as  this  is  the  limiting  span  for  wooden  laths  with  pla8t«r  ~ 
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On  the  Pacific  Coast,  where  no  anow,  or  &t  most  very  light  anow  occurs,  the  spftcinK  or  roof 
joists,  when  no  ceiling  must  be  provided  for,  is  commonly  taken  at  24  in.,  and  in  cheap  con- 
struction the  spacing  is  made  32  in. 


''^-I^llllllillip! 


Fia.  60.— BmUoh  of  t  X  4' 


Pia.  70. 


e-ln.  ibiplkp. 


— D«ua  of  typi«]  fc 


STc  Anuig«ineat  of  Oiiders  or  Tniaaes. — The  arrangement  of  girders  and 
tnuaes  is  a  matter  worthy  of  study  in  any  building.  Usually  there  are  requirements  of  interior 
arrangement  which  dictate  the  spacing  of  columna. 

Trusses  are  most  economically  spaced  at  approximately  16  to  20  ft.  Three  methods  of 
framing  the  roof  joists  or  rafters  may  be  adopted:  (1)  Supporting  the  joists  directly  on  the 
upper  chorda;  or  (2)  placing  roof  girders  or  purlins  at  the  panel  points  of  the  trusses,  and 
spannii^  the  bays  between  purlins  by  light  rafters;  or  (3)  providing  purlin  trusses  at  certain  panel 
pointe  and  spanning  between  the 
purlin  trusses  by  means  of  rather 
heavy  rafters,  or  roof  joistB.  There 
are,  naturally,  advantages  and  diaad- 
vantages  to  each  system.  Consider- 
ing vertical  loads  above,  the  particulaj' 
building  involved  may  carry  with  it 
some  special  reason  for  adopting  one 
method  in  preference  to  the  others. 
I.  From  the  standpoint  of  cost  alone,  it 

will  usually  be  found  upon  investiga- 
tion, that,  if  the  diSereot  systems  are  designed  correctly  and  conaistently,  there  will  be  little 
difference  in  coat.  In  some  localities,  the  relatively  high  price  of  steel  compared  to  lumber 
may  warrant  a  minimum  of  truss  work  and  the  employment  of  larger  sizes  of  lumber.  In 
other  localities  the  cost  of  securing  the  larger  sises  of  joists  may  make  small  spans  advisable.  No 
hard  and  fast  rule  can  be  laid  down. 

G7(i  Etoacing  TrusBes. — Bracing  trusses  are  a  necessity  in  long  truss  spans; 
in  fact,  the  writer  recommends  that  all  roof  trusses  over  20-ft.  span  be  provided  with  at  least 
one  bracing  truss,  and  that,  in  general, 

bracing  trusses  be  placed  at  a  spacing  ■^■.^rr ^       •"^^''^^" ^ 

not  greater  than  15  or  16  ft.  The  brae-  "^'V^- 
ing  trusses  may  be  utilized  as  purlin 
trusses  if  properly  proportioned.  They 
should  be  of  the  full  depth  of 
truss,  and  well  connected  thereto.  Hie 
compression  chord  of  a  main  roof  truss 
needs  to  be  supported  laterally  for 
column  action;  the  tower  chord  should 
also  be  stayed  laterally  for  general  stiff- 
ness of  the  building,  if  for  no  other 
reason.  Such  bracing  trusses  may  be  made  up  of  dimension  lumber  and  spiked  or  bolted 
t4%ether,  and  thus  give  a  comparatively  cheap,  and  at  the  same  time,  effective  construction, 
A  typical  example  of  such  a  bracing  truss  is  shown  in  Fig.  71.  Attention  is  called  to  the 
"7"'  section  of  chords,  also  to  the  details  for  connection  to  the  main  trusses. 

Another  method  for  providing  general  stiffness  in  the  roof  framing  is  shown  in  Fig.  72. 
^  this  detail  the  roof  joists  are  doubled  at  certain  intervals;  bracee  or  struts  are  framed  be- 


FlQ.  73.— Kii«  bni 


u  bndDi- 
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tween  the  double  joists,  and  the  bottom  of  these  struts  fitted  against  and  attached  to  the  lower 
chorda  of  the  tiuss. 

TIm  lotiul  ■trami  oominc  upoD  ■  braoiag  traaa  ftn  luiwDy  indttermlnate.  With  itDdv  ot  the  roof  Inunins 
plan,  howeTBT.  m  defiuHa  uhims  of  wind  bracinc  may  be  provided,  in  which  Ibe  biacdna  tnuuei  will  play  a  vital 
part.  The  whoia  roof ,  or  one  aide  of  the  roof,  may  be  regarded  ai  a  horiiontal  beam,  or  tnui,  traneferrinc  the  wtnd 
reactione  delivered  thereto  from  the  flid«  walls  to  the  «Dd  wiUl*,  or  to  ooluinbe  and  wbUa-  FoUowing  out  thin 
aoh«me,  diagonal  roda  may  be  placed  in  the  phine  of  the  upper  ohoida  of  the  roof  tnuaea. 

Fig,  73  ahowB  an  arraasement  of  roof  tnieeea,  braoing  tnuaee  and  diafonol  roda  tor  an  aaeumed  Hnoll  build- 
ing of  Che  miil-building  type.  When  the  length  ot  a  building  la  three  or  more  timea  its  breadth,  and  luoh  building 
ia  only  moderately  high,  the  diagonal  roda  may  very  frequently  be  omitted  in  aome  of  the  outer  aide  baya.  It  may 
alao  be  pooaible.  without  endangering  the  rigidity  of  the  building,  to  make  aome  of  the  linea  of  braoing  tniBeea  non- 
oontinuoua  throughout  the  length  ot  the  building.  For  example,  in  Fig.  73,  were  the  building  twice  aa  long  aa  ahown, 
it  mi^t  be  entirely  oonuatent  with  safety  to  omit  alternate  bracing  truaeee  ia  the  Srit  and  third  linea.  keeiung  the 
oenter  line  ot  bracing  eonCinuous.  It  muat  be  obvioua  that  the  exact  airangement  of  bracing  in  a  root  ia  almoat 
entinly  a  matter  ot  judgment,  but  judgment  baaed  on  an  uoderatanding  of  the  tuodunental  piinnplee  of  atmctunJ 
tneehanjcs  and  aiperience  in  deaigo  and  cooatnictioa.     While  it  ia  granted  that  the  actual  Btresaea  in  a  roof  due  to 

ing  eonaiatently  followed  out  in  all  detaila  will  iDaure  a  much  aafer  atructure  than  a  "  hit-or-miaa  "  or  "  rule-ot-thumb" 
procedure,  aodwiU  alao  result  in  a  more  esonomieal  building  than  one  composed  of  heavier  eectiona,  poorly  braced. 


Pin.  73, — DiagcBmiDatic  plan  at  typical  root  bracing- 
Two  typical  detaila  ot  connections  of  auch  diagonal  rodi  to  tlie  roof  truaaea  aie  ahown  in  Fig.  74.  In  Fig. 
74(a)  the  rods  are  paaaed  through  holea  boied  diagonally  through  the  chord,  and  fitted  with  special  beveled  caaC- 
iron  waabera.  Id  FLg.  74(b)  a  ateel  plate  is  lag-screwed  to  the  chord,  and  connection  between  plate  and  roda  is 
eecured  by  means  ol  oleviaea  and  pins.  If  the  root  joiats  are  aupported  directly  upon  the  upper  chord,  theae  plates 
will  probably  have  to  be  attached  to  the  lower  aide  of  chord.  In  auch  a  case,  the  platea  should  be  fastened  to  the 
chord  while  the  truss  ia  on  the  ground.  It  may  be  taken  tor  granted  tb 
erected,  will  be  poor.  It  ia  difEcult,  at  beat,  to  make  a  carpenter  acrev 
tain,  if  placed  by  a  man  on  a  BcaloU,  that  the  work  will  be  poorly  done. 

Obviously,  the  eyatem  ot  diagonal  bracing  roda  juat  deacribed  may  be  plaoed  ic  the  plane  of  the  lower  chtrda 
of  the  trusses,  provided  that  bracing  truaaea  exist  to  fcim  the  chorda  ot  the  wind  reaiating  truss.  Froviaion  must 
be  niade  for  supporting  the  roda  to  prevent  them  from  sag^ng. 

Diagonal  rods  in  lbs  plane  of  the  root  framing,  placed  in  the  outer  baya,  are  an  excellent  thing ;  they  enable  the 
building  to  be  " squared  up"  ana  will  do  much  to  prevent  racking  of  the  roof  due  to  wind,  with  possible  consequsnt 
breaking  ot  akylighta.  Re-tighteniug  ot  theae  bracing  roda  will  be  necessary  from  time  to  time  aa  ahrinkage  ct 
the  timber  takes  place. 

Vie.  Saw-tooth  Roof  Framing. — Saw-tooth  roofs  are  constructed  with  inclined 
or  vertical  faces,  the  former  bein);  perhaps  more  generally  used  than  the  latter  on  account  of 
better  diSusion  of  light.  From  the  standpoint  of  maximum  efficiency  in  diSused  lighting,  the 
saw-teeth  should  face  north  with  the  facee  inclined  at  an  ai^e  of  25  to  30  deg,  with  the  vertical. 
Hie  saw-tooth  with  vertical  face  is  somewhat  easier  to  construct  and  is  less  likely  to  give 
trouble  through  leakage  and  condensation  than  the  inclined  face  construction.  In  the  latter 
type,  there  should  be  no  horizontal  muUions  in  the  windows,  since  water  would  stand  on  these 
and  eventually  leak  through.  Further,  condensation  will  tend  to  take  place  on  the  inner  side  of 
tiie  inclined  glass  and  drop  vertically  on  the  contents  of  the  building. 

eful  attenljon  must  be  ^ven  to  the  design  of  the  windows,  whether  £«d  or 
in  under  the  window  sill  and  form  (ui  inaide  condenaation  gutter  discharging 
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into  conductors.     Double  glaaing  is  sometimes  employed  in  the  more  northerly  latitudes  on  account  of  its 
conducting  qualities. 

Some  typical  details  of  saw-tooth  roofs  are  shown  in  Figs.  75,  76,  77,  78  and  79. 

The  roof  planking  should  be  at  least  3  in.  in  thickness,  tongucd-and-grooved  or  splined,  spazinins  8  to  10  ft 
between  the  inclined  roof  beams.     The  valleys  between  the  saw-teeth  should  have  an  inclination  of  not  leas  thu 


Oolvonned 
sheet  fbshmy 


Cross  section  through  typical  saw  tooth. 

Fia.  75. 


Partial  elevation  of 


tootli. 


FiQ.  76. — Detail  of  saw-tooth  frame — inclined 
face  with  pipe  ties. 


Fig.  77. — Detail  of  saw-tooth  frame — vertical 
face  with  pipe  ties. 


Fia.  78. — Detail  of  saw-tooth  frame — inclined 
face  with  timber  ties. 


Fia.  79. — Detail  of  saw-tooth  frame — vertical 
face  with  timber  ties. 


H  iU'  to  the  foot,  and  the  conductors  should  be  spaced  not  more  than  50  ft.  apart.     The  construction  of  the  sloping 
valleys  is  easily  aocomplbhed  by  blocking  between  the  structural  members  of  the  frame. 

Fig.  75  illustrates  a  tsrpical  construction  with  inclined  faces.  The  roof  joists  are  supported  at  their  upper 
ends  on  inclined  poets,  and  at  their  lower  ends  by  joist-hangers  on  the  roof  girders.  Tie  rods  are  shown  at  the  foot 
of  each  inclined  roof  beam  to  prevent  the  roof  from  spreading.  While  the  construction  shown  in  this  figure  may  be 
termed  standard,  objection  can  be  raised  (1)  to  the  use  of  joist-hangers,  (2;  to  the  use  of  small  tie  rods  exposed  to 
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'     fire  kod  tsndini  toui.  (3)  to  theabaencs  of  uiy  hariHDtal  memtwnkt  Uu  topol  irastato  Ukethrtut.  ftad  M  to 
ths  nhMnee  ol  ■«»»]  BtiSneai  of  fiaaie  to  horiBontal  forces. 

In  Figi.  7a  ud  77  tbe  aboTs  obimtiona  ub  Uigely  met  by  brin»ng  the  Indioed  root  bmnn  to  rest  on  tfaa  top 
of  the  (irden  tad  the  lubatJtation  of  irilM  tiea  batweeo  the  roof  (irders.  Tbeie  iiipe  tisa.  fitted  trith  atuidkrd  aaagee 
luid  bolted  throucb  the  (irden,  hkve  the  edvftatkse  over  rods  of  beioa  Kbl«  to  tkke  both  teuion  uid  comprawon 
and  aba  of  not  raquirini  bvocen  to  prevent  them  from  Mgaing.  Tbeie  pipes,  howsvei,  miut  be  of  furly  kufe 
■iee  in  nrdec  tbat  they  may  be  of  value  a*  (sorapreuioD  membsn.    The  ntio  of  lenfth  □(  member  to  radiue  of  cyra- 

'    tioD  afaDiild  Dot  exceed  17S.     Thia  eonatruetioa.  hovever.  still  pvH  metal  eipoaed  to  fin. 

Fi(B.  7a  and  79  Uliutrate  an  all-timber  type  of  soiutruetioo.  These  detaila.  drawn  for  both  the  inolined  and 
vartiflal  faM  types  of  saw-tooth,  furnish  a  simple  and  elective  conatruetion.  A  somewhat  tiicher  buildinc  u  n- 
quired  by  this  construction  than  with  that  of  Fig.  75  but  the  ceQeral  stiSneu  saioed,  and  the  abeeaoe  at  exposed 
metal,  will  more  than  offset  the  coat  of  iucnaaed  hsigbt  of  walls. 

08.  HUl  Construction.' — The  preceding  diecuasion  in  this  chapter  has  related  to  timber 
framed  floors  and  roofs  in  general.    This  article  treats  very  briefly  and  in  a  general  way  of  the 


K). — Standard  mill  eonstmotioo. 


Fio.  81. — Mill  construclioD  with  laminatad  floor. 

special  type  of  construction  known  as  "Mill  ConstTuction, "  or  "Stow-buming  Mill  Construc- 
tion, "  so-called  because  it  was  developed  for  uso  in  factory  or  mill  buildings  in  the  New  England 
Btstea.  In  this  construction  all  timbers,  as  poata,  girders,  and  joiBts,  are  made  of  large  section; 
joiats  are  eliminated  aa  far  as  poaaibic,  by  substituting  a  heavy  thick  floor  sufficient  in  strength 
to  span  some  feet.  The  result  givea  a  butldiag  having  large  areas  of  flat  ceilinga,  and  heavy, 
solid  masses  of  timber  in  girdera  and  poata.  Such  a  structure  in  case  of  fire  will  tend  to  char 
rather  than  burn,  and  ail  parts  are  eaaily  reached  by  the  water  from  the  automatic  sprinkleis. 
TluB  type  of  building,  properly  sprinkled,  takes  a  comparatively  low  insurance  rate. 

In  the  bulletin,  "  Heavy  Timber  Milt  Construction  Buildings, "  published  by  the  Engineer- 
mg  Bureau  of  the  National  Lumber  Manufacturers  Association,  mill  construction  is  divided 
into  three  classes  as  follows  (see  Figs.  80  to  84  incluaive): 

■  See  also  the  foltowini  ehapter  by  F.  W.  Dean. 


388  HANDBOOK  OF  BUILDING  CONSTRUCTION  ISee.  8-58 

1,  Floon  of  heftvy  plum  laid  flat  upon  large  airdere  whiota  are  spaced  Iram  S  to  11  ft,  on  centen.  Tb«c  idi- 
den  are  lupporteQ  by  wood  poetsor  columns  epacea  From  IB  to  2S  ft.  apart.  Thi*  type  ig  o(t«D  raferred  toH  "Stsnd- 
vd  Mill  Const  ructioD." 

3.  Floors  of  heavy  i^anlc  laid  on  edie  and  aupporied  by  cirden  wbiob  are  spaced  trom  12  to  18  [t.  od  centen. 
TImh  girders  are  supported  by  wood  poat«  or  coIueohb  apacad  IB  ft  or  aver  apart,  dependinc  upon  tbe  deaics  of 
the  struFture.     This  type  is  flailed  "  Mill  Constructipn  with  Laminated  Floors, " 

B.  FloorB  of  heavy  plank  laid  Oat  upon  lacfe  beams  which  aie  apaoed  from  4  to  10  ft.  on  oenten  and  auppnrted 
by  girders  apBced  as  far  apart  as  llieloadini  will  allow.  These  guden  are  carried  by  wood  posts  or  eoluiona  loislal 
■a  far  apart  as  oonaiatsnt  with  the  general  design  of  the  buildiac-  A  spacing  of  from  20  to  SS  ft,  is  not  uneonunon 
if  framing  where  tho  loading  IB  not  oioeseive.     This  type  is  more  generally  known  aa"SeDF 


,mill  ooastruction,  baama  in 


The  following  clauses  from  the  Building  Ckide  recommended  by  the  National  Board  of 

Fire  Uaderwritera,  alao  define  in  detail  the  timber  construction  classed  as  mill  constmctiona 

DeAnilim!  "Hill"  Construction  (also  called  " Slow-burniDg  Construction")  la  a  term  applied  to  building: 

of  automatic  sprinkler*. 
lal  dimensions  and  all  corners  shall 

-  Bteel  post  caps  with  braeketa. 
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7.  Width  of  floor  bays  shall  be  between  6  and  11  ft. 

Note:  The  practice  in  **  mill "  construction  of  supporting  the  ends  of  beams  on  girders  by  means  of  metal  stir- 
rups or  bracket  hangers  is  objectionable.  Experience  has  shown  that  such  metal  supports  are  likely  to  lose  their 
strength  when  attacked  by  fire  and  so  cause  collapse. 

Floora: 

1.  Floors  shall  be  not  less  than  3-in.  (2^-in.  dressed)  spUned  or  tongued  and  grooved  plank  covered  with  1-in. 
(H-in  dressed)  flooring  laid  croesways  or  diagonally.  Top  flooring  shall  not  extend  closer  than  H  in.  to  walls  so 
as  to  allow  for  swelling  in  case  floor  becomes  wet.  This  place  shall  be  covered  by  a  moulding  so  arranged  that 
it  will  not  obstruct  movement  of  the  flooring. 

2.  Waterproofing  shall  be  laid  between  the  planking  and  the  flooring  in  such  manner  as  to  make  a  thoroughly 
waterproof  floor  to  a  height  of  at  least  3  in.  above  floor  level.  When  there  are  no  scuppers,  the  elevator  or  stair- 
wells may  be  used  as  drains  for  the  floors,  in  which  case  the  waterproofing  material  need  not  be  flashed  up  at  these 
points. 

3.  All  exposed  woodwork  in  interior  construction  shall  be  planed  smooth. 

Roof»t  Skylights,  and  Comiees: 

1.  Roofs  shall  be  of  plank  and  timber  construction  and  flat,  except  for  pitch  necessary  for  proper  drainage. 
Plank  shall  be  not  less  than  2H  in-  (2H  in.  dressed)  splined,  or  tongued  and  grooved.  Timbers  shall  be  not  less 
than  6  in.  either  dimension  and  shall  be  single  stick. 

Both  roof  timbers  and  planka  shall  be  self -releasing  as  regards  walls. 

Note:  The  saw-tooth  form  of  roof  is  considered  satisfactory,  although  not  quite  the  equivalent  of  a  flat  mill 
ooDstructed  roof. 

PartUiona: 

Partitions  shall  be  constructed  of  incombustible  material  or  of  2-in.  matched  plank  or  double  matched  boards 
with  joints  broken,  preferably  coated  with  fire  retarding  paint. 

Note:  Ordinary  paint  is  not  objectionable,  but  varnish  or  shellac  is  very  undesirable. 

The  following  description  of  laminated  floors  is  taken  from  the  bulletin  of  the  National 
Lumber  Manufacturers  Association  referred  to  above : 

If  heavy  loads  are  to  be  carried  on  long  spans,  planks  6  or  8  in.  wide  are  set  on  edge  dose  together,  firmly 
nailed  at  eaoh  end  and  at  about  18-in.  intervab  with  dO-D  nails,  alternating  top  and  bottom,  thus  forming  a  *' lam- 
inated floor."  Each  of  these  floors  is  covered  with  two  or  more  thicknesses  of  waterproof  paper  or  similar  material 
and  then  by  a  top,  or  wearing,  floor,  laid  at  right  angles  to  the  direction  of  the  underfloor.  Material  is  sur^ 
faced  on  all  sides  and  edges  of  idank  beveled  to  serve  as  a  finish  on  the  ceiling  below. 

Where  plank  floors  are  laid  flat,  the  boards  should  be  two  bays  in  length  if  possible  and  laid  to  break  joints 
every  4  ft.  With  laminated  floors,  it  may  be  difficult  to  obtain  plank  two  bays  in  length.  In  such  a  case,  the  planks 
may  be  laid  with  the  ends  extending  between  centers  of  girders  with  one  plank  laid  across  the  girder  at  frequent 
intervals  (every  sixth  or  eighth  piece)  to  act  as  a  tie  in  the  floor.  Or,  by  another  method,  the  ends  of  planks  should 
join  at  or  near  the  quarter  point  of  the  span  between  girders,  taking  care  to  break  joints  in  such  a  way  that  no  con- 
tinuous line  across  the  floor  will  occur. 

In  lasdng  laminated  floors,  it  is  advisable  to  omit  the  last  two  planks  at  walls  until  after  ^sing  and  roofing 
have  been  completed.  Then  these  spaces  should  be  filled  in  close  against  the  walls.  It  is  often  recommended  that 
laminated  floors  be  laid  without  nailing  to  the  girders  which  support  the  floor,  so  that  expansion  in  the  floors  due 
to  dampness  will  not  cause  movement  in  the  girders  at  the  walls. 

The  top-floor  may  be  of  softwood  or  hardwood  as  use  demands.  Tongued  and  grooved  flooring  is  used  al- 
most entirely.  Square-edged  flooring  is  easier  to  replace  when  repairs  are  needed,  but  wears  lees  around  nails, 
thus  making  an  uneven  floor.  Some  of  the  best  buildings  have  a  double  top-floor,  the  lower  part  of  softwood  laid 
diagonally  upon  the  plank  under-floor,  and  the  hardwood  upper  part  laid  lengthwise.  This  latter  method  allows 
boards  in  alleys  or  passages  to  be  easily  replaced  when  worn,  and  the  diagonal  boards  brace  the  floors,  reduce 
vibration,  and  distribute  the  floor  load  evenly.  The  top-floor  should  always  be  laid  so  that  the  length  of  the  pieces 
is  parallel  to  the  direction  of  the  traffic  or  trucking.     Usually  this  is  lengthwise  of  the  building. 

When  a  laminated  floor  is  constructed  of  material  surfaced  four  sides,  or  of  material 
surfaced  two  sides,  there  is  great  danger  of  dry  rot,  unless  the  lumber  is  thoroughly  air  seasoned 
or  kiln  dried.  On  account  of  this  feature,  many  engineers  prefer  to  use  only  rough  lumber  for 
laminated  floors,  the  slight  unevenness  of  the  boards  or  planking  providing  enough  air  spaces 
to  prevent  dry  rot.  It  is  the  writer's  opinion  that  the  rough  flooring,  besides  being  cheaper, 
will  give  additional  security  against  the  decay  of  the  timber. 

Tables  2  and  3  give  the  maximum  spans  for  timber  mill  laminated  floors  for  thicknesses 
varying  from  3  in.  nominal  to  12  in.  nominal,  fiber  stresses  from  1200  to  1800  lb.  per  sq.  in., 
and  loads  from  50  to  400  lb.  per  sq.  ft. 
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In  both  these  tables,  the  limiting  span  is  given  for  a  deflection  of  ^o  in.  per  foot  of  span, 
based  on  a  modulus  of  elasticity  of  1,620,000.  Since  mill  floors  in  general  have  no  ceiling,  the 
deflections  taken  from  this  table  may  be  used  directly,  although,  if  the  permanent  deflection  is 
desired,  a  reduced  modulus  of  elasticity  for  the  constant  loads  should  be  used. 


Table  2.* — Maximum  Spans  for  Timber  Mill  Floors 

Fiber  Btreas  1200,  1300,  1500,  1600  and  1800  lb.  per  eq.  in.;  modulus  of  elasticity.  1.620.000  lb.  per  sq.  in. 
The  sum  of  the  live  load  and  the  weight  of  the  floor  was  used  ia  calculating  the  spans. 
In  the  line  marked  deflection  is  given  the  span  which  has  a  deflection  of  Ho  in-  per  foot  of  span. 
Made  of  planks  on  edge,  laid  dose. 


Fiber 

Span  in  feet 

stress 
(lb.  per 

Live  load  in  pounds  per  square  foot 

sq.  in.) 

50 

100 

125 

150 

175 

200 

225 

250 

275 

300 

360 

400 

(3  in.  Nominal  thickness — 2^  in.  actual  thickness 
1               1               1               1               1               1 

1200 

13' 

8" 

10'  1" 

9'  1" 

8'  4" 

7'  9" 

7'  3" 

6'10" 

6'  6" 

6'  3" 

6' 

0" 

5'  7" 

5'  2" 

1300 

14' 

3" 

10*  6" 

9'  6" 

8'  8" 

8'  1" 

7'  7" 

7'  2" 

6'10" 

6'  6" 

6' 

3" 

5'  9" 

6'  5" 

1500 

15' 

4" 

11'  3" 

10*  2" 

9'  4" 

8'  8" 

8'  2" 

7'  8" 

7'  4" 

7'  0" 

6' 

8" 

6'  2" 

6'10" 

1600 

15'10" 

11'  8" 

10'  6" 

9'  7" 

8'11" 

8'  4" 

7'11" 

7'  7" 

7'  2" 

6'11" 

6'  6" 

6'  0" 

1800 

16' 

9" 

12'  4" 

11'  2" 

10'  3" 

9'  6" 

8'11" 

8'  5" 

8'  0" 

7'  8" 

7' 

4" 

6'  9" 

6'  4" 

Defl. 

9' 

0" 

7'  4" 

6'11" 

6'  6" 

6'  2" 

6'11" 

5'  8" 

6'  6" 

6'  4" 

5' 

2" 

4'11" 

4'  9" 

(4ii 

1                             *                             1 

1.  Nominal  thickness — 3H  in*  Actu 

1               1               1 

tal  thickness) 

1200 

18' 

6" 

13'  8" 

12'  4" 

11'  5" 

10'  7" 

10'  0" 

9'  6" 

9'  0" 

8'  7" 

8' 

3" 

7'  7" 

7'  2" 

1300 

19' 

2" 

14'  3" 

12'11" 

11 '10" 

IV  0" 

10'  4" 

9'10" 

9'  4" 

8'11" 

8' 

7" 

rii" 

7'  5" 

1500 

20' 

7" 

15'  4" 

13'10" 

12'  9" 

ll'lO" 

11'  2" 

10'  6" 

10'  0" 

9'  7" 

9' 

2" 

8'  6" 

8'  0" 

1600 

21' 

3" 

15'10" 

14'  4" 

13'  2" 

12'  3" 

11'  6" 

lO'll" 

10'  4" 

9'11" 

9' 

6" 

8'10" 

8'  3" 

1800 

22' 

7" 

16'  9" 

15'  2" 

13'11" 

13'  0" 

12'  2" 

11'  7" 

11'  0" 

10'  6" 

10' 

1" 

9'  4" 

8'  9" 

Defl. 

12' 

3" 

10*  1" 

9'  6" 

8'11" 

8'  6" 

8'  2" 

7'10" 

7'  7" 

7'  4" 

7' 

2" 

6'10" 

6'  6" 

(5  in.  Nomin 

•               ■ 
lal  thickness— -4H  in*  actiial  thickn 

teas) 

1200 

22'10" 

17'  8" 

15'  7" 

14'  6" 

13'  5" 

12'  7" 

U'll" 

11'  4" 

lO'lO" 

10' 

6" 

9'  8" 

9'  1" 

1300 

23'10" 

17'11" 

16'  3" 

14'11" 

13'11" 

13'  1" 

12'  5" 

U'lO" 

11'  4" 

lO'lO" 

10*  1" 

9'  5" 

1500 

25' 

7" 

19'  3" 

17'  5" 

16'  1" 

15'  0" 

14'  1" 

13'  4" 

12'  8" 

12'  2" 

11' 

8" 

lO'lO" 

IC  2" 

1600 

26' 

5" 

19'11" 

18'  0" 

16'  7" 

15'  6" 

14'  7" 

13'  9" 

13'  1" 

12'  6" 

12' 

0" 

11'  2" 

10'  6" 

1800 

28' 

0" 

21'  1" 

19'  1" 

17'  7" 

16'  5" 

15'  5" 

14'  7" 

13'11" 

13'  4" 

12' 

9" 

ll'lO" 

11'  1" 

Defl. 

15' 

4" 

12'  9" 

ll'll" 

11'  3" 

10'  9" 

10'  4" 

10'  0" 

9'  8" 

9'  4" 

9' 

1" 

8'  8" 

8'  4" 

•               ■II 

(6  in.  Nominal  thickness' — 5^  in.  actui 

1               1               1 

U  thickness*) 

1200 
1300 
1500 
1600 
1800 
Defl. 

20'  8" 
21'  6" 
23'  1" 
23'10" 
25'  3" 
15'  4" 

18'  9" 
19'  6" 
21'  0" 
21'  8" 
23'  0" 
14'  6" 

17'  4" 
18'  0" 
19'  4" 
20'  0" 
21'-2" 
13'  8" 

16'. 2" 
16' 10" 
18'  1" 
18'  8" 
19'10" 
13'  0" 

15'  3" 
15'10" 
17'  0" 
17'  7" 
18'  8" 
12'  6" 

14'  5" 
15'  0" 
16'  1" 
16'  7" 
17'  8" 
12'  1" 

13'  9" 
14'  3" 
15'  4" 
16'10" 
IC'IO" 
11'  8" 

13'  2" 
13'  8" 
14'  8" 
15'  2" 
16'  1" 
11'  4" 

12' 
13' 
14' 
14' 
15' 
11' 

8" 
1" 
1" 
7" 
5" 
0" 

11'  9" 
12'  2" 
13'  1" 
13'  6" 
14'  4" 
10'  6" 

11'  0" 
11'  5" 
12'  3" 
12'  8' 
13'  6" 
10'  1" 

*  From  Southern  Pine  Manual. 

^  Use  for  laminated  floors  when  made  of  2  X  6  and  4X6  pieces. 
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Table  3.* — Maximum  Spans  for  Timber  Laminated  Floors 

Fiben  sireM  1200.  1300,  1500,  IGOO  and  1800  lb.  per  sq.  in.;  modulus  of  elasticity.  1.620,000  lb.  per  sq.  in. 
The  sum  of  the  live  load  and  the  weiget  of  the  floor  was  used  in  calculating  the  spans. 
In  the  line  maiiced  deflection  is  given  the  span  which  has  a  deflection  of  Ho  in-  per  foot  of  span. 
Made  of  planks  on  edge,  laid  dose. 


Fiber  stress 
(lb.  per 
sq.  in.) 


Span  in  feet 
Live  load  in  pounds  per  square  foot 


100 


125 


150 


175 


200 


225 


250 


275 


300 


350 


400 


1200 
1300 
1500 
1000 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


(6  in.  Nominal  thicknessi — 5H  in.  actual  thickness) 


20'  3" 

18'  4" 

16'11" 

15'10" 

15'  1" 

14'  1" 

13'  5" 

12'10" 

12'  4" 

11'  6" 

21'  1" 

19'  1" 

17'  8" 

16'  5" 

15'  8" 

14'  8" 

14'  0" 

13'  4" 

12'10" 

ll'll" 

22'  7" 

20'  9" 

18'11" 

17'  8" 

16'10" 

15'  9" 

15'  0" 

14'  4" 

13'  9" 

12'10" 

23'  4" 

21'  3" 

19'  7" 

18'  8" 

17'  5" 

16'  4" 

15'  6" 

14'10" 

14'  4" 

13'  3" 

24'  9" 

22'  6" 

20'  9" 

19'  4". 

18'  5" 

17'  3" 

16'  5" 

15'  9" 

15'  1" 

14'  0" 

15'  0" 

14'  1" 

13'  4" 

12'  9" 

12'  3" 

11'  9" 

11'  5" 

11'  1" 

10'  9" 

10'  3" 

(8  in.  Nominal  thickness — 7H  in.  actual  thickness) 


(10  in.  Nominal  thickness — 9H  in.  actual  thickness) 


(12  in.  Nominal  thickness — ll>i  in.  actual  thickness) 


10'  9" 
IV  2" 
12'  0" 
12'  5" 
13'  2" 
9'10" 


26'10" 

24'  6" 

22'  8" 

21'  2" 

20'  0" 

19'  0" 

18'  1" 

17'  4" 

16'  7" 

15'  6" 

27'11" 

25'  6" 

23'  7" 

22'  1" 

20'10" 

19'  9" 

18'10" 

18'  0" 

17'  4" 

16'  1" 

30'  0" 

27'  5" 

25'  4" 

23'  9" 

22'  4" 

21'  2" 

20'  3" 

19'  4" 

18'  7" 

17'  4" 

31'  0" 

28'  3" 

26'  2" 

24'  6" 

23'  1" 

21'11" 

20'10" 

20'  0" 

19'  2" 

17'10" 

32'10" 

30'  0" 

27'  9" 

26'  0" 

24'  6" 

23'  3" 

22'  2" 

21'  2" 

20'  4" 

19'  0" 

20'  1" 

19'  4" 

17'11" 

17*  2" 

16'  6" 

16'11" 

15'  5" 

15'  0" 

14'  7" 

13'11" 

14'  7" 
15'  2" 
16'  3" 
16'  9" 
17'10" 
13'  4" 


• 

20'10" 

19'  5" 

21'  9" 
23'  4" 

20'  3" 
21'  9" 

24'  1" 
25'  7" 

22'  6" 
23'10" 

18'  4" 

17'  6" 

18'  3" 
19'  1" 
20'  5" 
21'  2" 
22'  5" 
16'10" 


22'  0" 
22'11" 
24'  7" 
25'  4" 
26'11" 
20'  3" 


SLOW-BURNING  TIMBER  MILL  CONSTRUCTION* 

Bt  F.  W.  Dean 


Slow-burning  mill  construction*  is  the  name  applied  to  a  long-used  type  of  fire-resisting 
timber  building  common  in  New  England,  especially  in  textile  mills.  As  now  designed  by  the 
best  mill  engineers,  it  consists  of  brick  walls,  with  heavy  transverse  wood  beams,  on  top  of  which, 
for  floors,  are  spiked  thick  planks  at  right  angles  to  the  beams,  and  these  planks  are  covered  with 
a  top  floor  at  right  angles  to  the  planks.    The  planks  are  grooved  on  both  edges  and  so-called 

*From  Southern  Pine  Manual. 

1  Use  for  2H  X  6.  3  X  6,  and  6X6  pieces,  for  2  X  6  and  4  X  6  use  table  for  miU  floors  (Table  2). 

'  Appeared  in  Engineering  New-Record,  Vol.  79,  No.  26,  Dec.  27,  1917. 

'  See  abo  the  preceding  chapter  by  Henry  D.  Dewell. 
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wood  splines  are  tightly  driven  into  the  grooves  of  adjoining  planks  bo  that  one  plonk  will  assist 
in  the  support  of  the  next,  thus  stiffening  the  floor  for  isolated  loads  and  preventing  one  plank 
from  moving  vertically  relatively  to  the  next  (Fig.  86).  The  spaces  between  the  beams  or  the 
"bays"  should  not  be  so  wide  as  to  require  beams  at  right  angles  to  the  main  beams,  or  any 
subdivision  of  the  bays.  A  maximum  bay  width  of  10  ft.,  except  to  accomplish  a  special  ob- 
ject, is  advisable.  Wherever  any  metal  is  used  it  should  always  be  deeply  buried  within  the 
wood  BO  that  fire  cannot  reach  it  at  6rat. 


number   o[   hnv 
ji  oovered  with  hea 


Ing,"  CompBTBd  with  this,  tbet 
uid  Toof  floiutruction  CDDautin 
planks  on  odge  for  beams  ai 
foot    or    two  spurt  axe   kiudlina 

templates  the    entire  abs 
concealed   gpaosa   and  thi 
■ueh    ipaees    M    can    readily   be 
1  by  thi 


Bmatleal 


by  a  few  sprinklers,  while  with  the 
oldsr  mnstniiTtioii,  many  tlmei  as 
many  sprlokler  pipes  and  heads 

every  put  miiit  be  reaohed  by 
the  spray. 

The  beams  el  mill  Bonltras- 
tioa  afford  opportunity  (or  inp- 
purtinji  flhjjt  hancers,  and  the 
shaft  hangers  and  the  spaMo  be- 
tween them  girenjom  for  pulleys 
and  belts.  U  short  oountershalta 
are  to  be  pot  up.  the  wide  Oat  sur- 


Pfntle  at  Column  &  Floor  Conned-ion 


Base  of  Column 


special  details 


59.  Pintlea  Over  Columnsare  Fundamental  to  Type. — The  method  of  fastening  the  beams 
to  each  other  where  they  butt  together,  and  to  the  walls,  is  of  great  importance  in  sacuring 
rigidity.  This  must  be  considered  in  connection  with  the  columns,  and  it  is  with  respect  to 
these  and  connecting  the  beams  together  that  architects  unversed  in  this  type  invariably 
fail.  It  is  well  understood  that  columns  should  rest  end  to  end  upon  each  other  from  top  to 
bottom  of  buildings,  but  the  columns  themselves  should  not  pass  through  the  floors  and  be- 
tween the  ends  of  the  beams,  as  is  often  done.  Proceeding  upward  they  should  stop  at  the 
bottoms  of  the  beams,  and  begin  again  at  the  tops.  Between  the  top  of  one  column  and  the 
bottom  of  the  one  above  it  there  should  be  a  short  separate  cast-iron  column  known  as  a 
"pintle"  (Fig.  86).  Being  of  cast  iron,  which  is  a  material  of  great  compressive  resistance,  it 
may  be  very  small  in  diameter,  and  requires  only  a  small  hole  through  the  beam  to  accom- 
modate it,  half  of  the  hole  being  in  the  end  of  one  beam  and  half  in  the  other.  The  lower  end 
of  the  pintle  rests  on  the  cap  of  the  lower  column  and  the  top  of  the  pintle  receives  the 
lower  end  of  the  column  above. 
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Fia.  87. — Pintle  design  for  steel  beams. 


There  are  several  advantages  in  this  construction.  In  consequence  of  it,  the  beame 
actually  butt  against  each  other,  and  having  only  a  small  hole  through  them  (not  much  over 
4  in.  in  diameter),  the  ends  of  the  beams  are  actually  over  the  body  of  the  column  and  are  not 
supported  by  the  overhanging  ends  of  the  column  cap.  If  a  cap  end  is  burnt  off  or  breaks  off 
the  beam  is  held  as  securely  as  ever.  It  is  a  common  thing  for  architects  to  carry  the  lower 
end  of  a  column  to  the  top  of  the  one  below,  and  sometimes  both  columns  are  of  the  same  sixe. 
The  result  is  that  the  beams  are  supported  by  the  overhanging  ends  of  the  column  caps.  ThiB 
is  dangerous  construction,  in  respect  to  both  strength  and  fire  resistance.  The  end  may  break 
if  of  cast  iron,  bend  if  of  steel,  become  soft  in  a  fire  and  cause  the  floor  to  fall.  In  this  construc- 
tion most  of  the  cap,  and  the  whole  of  the  part  which  supports  the  beam  are  exposed  to  the  fire. 

The  pintle  construction,  as  before  stated,  permits  the  beams  to  butt  against  each  other  and  thus  become  per- 
fect struts  to  transmit  pressure  from  one  side  of  the  building  to  the  other,  and  it  also  gives  room  to  put  two  inm 

dogs,  or  ties  in  the  tops  of  the  beams,  one  on  each  side  d 
the  pintle,  to  tie  the  beams  together.  Thus  the  beams  be> 
come  not  only  struts  but  rigid  and  continuous  Ilea  to  keep 
the  sides  of  the  building  in  their  proper  relative  poaitiona 
At  the  same  time  the  pintles  and  dogs  fulfill  the  necessary 
conditions  before  mentioned  of  being  surrounded  by  heary 
wood,  for  the  pintles  are  within  the  beams  and  the  dogs  are 
embedded  in  grooves  in  the  tops  of  the  beams  and  covered 
by  floor  planks.  Moreover,  the  dogs  cannot  work  out  be- 
cause they  are  beneath  the  planks  (Fig.  S6). 

Where  the  pintles  enlarge  at  the  top  to  take  the  upper 
column  only,  the  top  edges  should  be  exposed  to  fire  and  ean 
scarcely  be  injured.  It  should  not  be  overlooked  that  when 
the  beams  and  planks  shrink  the  pintle  tops  become  more 
exposed  than  at  first,  and  allowance  should  be  made  for  this. 
It  should  be  observed  also  that  the  enlarged  hole  for  the  top 
of  the  pintle  is  in  the  plank  and  not  in  the  beam  (Fig.  86). 
Still  another  advantage  of  pintle  construction  is  that  if  a  floor  falls  and  a  column  below  is  knocked  over  by 
the  falling  floor  or  a  heavy  piece  of  machinery,  it  simply  tips  over  on  top  of  the  pintle.  A  column  which  goes  down 
between  the  beams  if  knocked  over  would  pry  the  beams  apart,  punch  a  hole  through  the  wall,  poesibly  push  it 
over,  and  cause  the  beam  to  drop  off  the  column  and  fall.  Thus  the  building  might  be  wrecked  on  account  of  tiie 
absence  of  pintle  construction. 

60.  Rigidity  of  Connection  is  Necessary. — The  beams  must  be  connected  to  the  wall  in 
such  a  way  that  the  walls  will  not  be  pushed  or  pulled  until  after  this  connection  is  made,  such 
effort  only  coming  from  wind  pressure  or  manufacturing  strain.  The  beam  ends  should  rest 
in  cast-iron  boxes  with  side  wings  firmly  built  into  the  walls  (Fig.  86).  The  beams  should  then 
be  made  to  butt  firmly  over  the  columns  and  be  drawn  together  by  driving  in  the  dogs  which 
for  this  purpose  have  their  ends  inclined  where  entering  the  wood.  When  this  is  done  one  or  two 
lag  screws  should  be  screwed  into  the  beams  through  holes  in  projecting  lips  of  the  beam  boxes, 
which  completes  the  connection  across  the  building.  After  this  is  done  the  lips  of  the  column 
caps  are  lag-screwed  to  the  beams  thus  making  the  columns  stable  and  preventing  the  beams 
from  pressing  against  the  pintles.  Thus  the  column  caps  as  well  as  the  dogs  hold  the  beams 
firmly  together.  No  attempt  should  be  made  to  have  the  pintle  fit  the  hole,  as  it  should  be 
free  to  maintain  its  position  as  the  beams  are  moved  slightly  when  the  dogs  are  driven.  In 
fact,  the  hole  for  the  pintle  should  be  at  least  %  in.  larger  in  diameter  than  the  pintle  (Fig.  86). 

Beams  usually  end  over  columns,  but  if  they  do  not,  a  hole  is  bored  through  for  the  pintle, 
and  dogs  are  not  required. 

Floor  beams  when  double  should  have  no  space  between  them  as  was  formerly  provided  in 
Older  to  permit  air  to  circulate  between,  as  these  spaces  hold  fire  tenaciously. 

There  Is  a  very  pernicious  practice  of  supporting  intermediate  cross  beams  so  that  their  upper  surfaces  are 
level  with  those  of  the  beams  which  they  join.  This  is  effected  by  the  use  of  forged  stirrups  or  commercial  bean 
hangers.  When  a  fire  occurs  they  are  easily  softened,  and  give  way  if  they  support  any  material  weight,  which  the? 
often  do.  Beams  should  never  be  supported  in  this  way  if  it  is  possible  to  avoid  such  construction,  and  if  they  are, 
heavy  cast-iron  beam-sockets  should  be  used  lag-screwed  to  the  beams  (Fig.  85).  The  commercial  beam-hanger  is 
a  great  menace  to  the  safety  of  buildings. 

Roofs  are  framed,  supported  and  planked  after  the  manner  of  floors,  using  dogs,  and  the  latter  should  be  driven 
before  the  brickwork  is  built  around  the  anchors  in  the  walls  (Fig.  85).     When  there  is  not  a  row  of  columns  in  the 
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center  of  the  room,  the  roof  beamB  should  not  be  carried  on  the  slant  to  the  center  of  the  building  and  there  fastened 
together,  with  the  expectation  that  a  stable  roof  will  result.  Horisontal  beams  should  run  between  the  two  rows 
of  columns  next  to  the  center  and  the  roof  slant  given  by  wedge-shaped  pieces  spiked  to  the  beams  (Fig.  85).  Roof 
beams  are  not  usually  secured  to  the  walls  by  means  of  beam-boxes,  but  they  might  be  advantageously  employed 
(Fig.  86),  especially  if  parapet  walls  are  used.  Wrought^iron  anchors  spiked  or  sorewed  to  the  beams  are  generally 
used  (Fig.  85). 

61.  Special  Beam  Arrangements  Possible. — Sometimes  it  is  desired  to  have  columns 
omitted  in  every  other  bay,  and  the  beams  that  do  not  rest  on  columns  must  be  supported  by 
longitudinal  stringers  resting  on  top  of  the  columns  that  are  used.  Many  architects  in  this  case 
yield  to  the  temptation  to  use  the  beam-hangers  disapproved  of  above,  but  instead  of  this  the 
stringers  should  be  lower  than  the  transverse  beams  by  the  depth  of  the  latter,  and  the  inter- 
mediate transverse  beams  should  rest  on  top  of  them,  and  be  fastened  thereto  (Fig.  85).  Thus 
slow-burning  construction  is  fully  realized  in  this  detail.  The  stringers  are  separated  from  the 
floor  by  the  depth  of  the  transverse  beams,  and  the  space  thus  provided  is  very  convenient  for 
the  upper  strands  of  belting.  In  this  construction  vertical  shrinkage  of  the  beams  is  consider- 
able, and  the  pintles,  which  are  long  enough  to  go  through  both  longitudinal  and  transverse 
beams,  should  be  rather  short,  so  that  after  the  shrinkage  the  top  will  not  appear  materially 
above  the  floor. 

Floor  planks  are  usually  2H  to  6  in.  thick  and  in  widths  not  exceeding  10  in.  They  should  be  at  least  two  bays 
long,  but  there  must  be  enough  one-bay  lengths  to  cause  breaking  of  joints.  It  is  not  necessary  to  have  every  other 
plank  break  joints;  four  or  five  planks  of  the  same  length  can  be  laid  side  by  side  and  the  next  set  can  break  joints 
with  these.  Where  floor  planks  are  interrupted  by  pintles  they  should  be  fitted  under  the  pintle  to  some  extent, 
■o  that  their  ends  will  rest  on  the  beams.  This  with  the  splines  and  top  floors  will  support  them.  Otherwise  they 
should  rest  on  a  stick  secured  to  the  adjoining  planks  by  lag  screws. 

62.  Location  of  Beams. — It  is  inadvisable  to  have  beams  at  right  angles  to  the  main  trans- 
verse beams  in  a  factory — ^that  is,  parallel  to  the  sides  of  the  mill.  One  objection  to  this  is,  that 
if  they  are  not  at  or  near  the  center  of  the  building  they  cut  of!  the  top  light.  Some  architects 
wrongly  place  such  beams  against  the  sides  of  the  building  above  the  windows,  and  thereby 
prevent  the  tops  of  the  windows  from  being  as  high  as  they  might  be,  and  close  to  the  under- 
side of  the  floor.  These  beams  are  hung  to  the  transverse  beams  by  means  of  the  objectionable 
hangers  already  commented  upon,  and  even  intermediate  transverse  beams  are  sometimes  hung 
to  them.  If  the  bays  are  not  too  wide  intermediate  beams  are  unnecessary,  but  architects 
often  make  the  bays  so  wide  that  they  are  compelled  to  use  intermediate  beams,  and  this  causes 
them  to  run  the  planks  the  wrong  way. 

The  tops  of  the  windows  can  be  brought  to  the  underside  of  the  floor  by  building  the  arch  in  the  next  story 
above.  The  opening  which  would  thus  be  made  above  the  upper  floor  is  closed  by  not  carrying  the  arch  clear 
through  the  wall.  One  course  of  brick  carried  down  to  the  springing  of  the  arch  is  sufficient  to  dose  the  opening, 
and  this  is  supported  by  an  angle  iron  spanning  the  window  opening  (Fig.  85).  If  a  straight  arch  is  used  this 
is  supported  by  angles  or  other  forms  of  structural  material. 

The  beams  are  usually  made  of  long-leaf  Southern  pine,  which  formerly  came  chiefly  from  Georgia,  but  the 
name  "Georgia  pine"  is  now  chiefly  a  name,  as  such  pine  comes  from  any  state  south  of  North  Carolina,  and  even 
from  Cuba.  Beams  should  be  chamfered  on  the  lower  edges  between  bearings  for  the  sake  of  appearance,  and,  some 
persons  have  stated,  to  do  away  with  comers  which  readily  ignite. 

63.  Floor  Details. — Floor  planks  are  made  of  spruce  or  pine,  planed  on  three  sides,  grooved 
for  splines,  and  ior  appearance  slightly  bevelled  or  beaded  on  the  bottom  edges.  The  splines 
are  made  of  clear  yellow  pine  and  are  always  ^  X  IM  in.  and,  as  already  stated,  should  fit  tight 
enough  to  require  driving  in.  The  planks  should  end  on  the  centers  of  the  beams,  and  be  nailed 
to  each  beam  with  two  nails  of  such  lengths  that  two  or  three  inches  should  penetrate  the  beams. 

On  each  side  of  a  room  a  plank  should  be  left  out  imtil  the  building  is  weD  dried,  as  the 
planks  sometimes  swell  enough  to  push  out  the  walls. 

On  the  planks  there  should  be  one  or  two  layers  of  tarred  paper,  or,  better,  a  paper  covered 
with  an  elastic  material  which  will  fit  around  the  nails  securing  the  top  floor,  in  order  to  make 
the  floor  waterproof.  Such  a  lining  is  intended  to  continue  to  be  tight  around  nails  after  the 
floors  shrink. 
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In  Canada,  and  to  some  extent  in  this  country,  it  is  the  practice  to  use  for  floors,  planks  on  edge  nailed  to- 
gether horiaontally.  It  is  not  customary  to  end  these  planks  over  the  beams,  but  anywhere.  This  weakens  the 
floor  seriously  and  should  not  be  permitted.  Sometimes,  if  such  floors  are  very  thick,  they  are  not  fastened  to 
the  beams. 

Top  floors  are  usually  of  square-edged  maple  of  H'in.  nominal  thickness,  but  sometimes  thicker.  The  boards 
are  commonly  5  in.  wide  and  should  not  be  less  than  6  ft.  long.  They  should  be  kiln  dried,  wedged  together  when 
laid,  nailed  with  two  nails  16  in.  apart  on  diagonal  lines,  with  two  nails  at  the  end  of  each  board  independent  of  the 
diagonal  nailing.  Sometimes  top  floors  are  laid  diagonally,  but  little  or  nothing  is  gained  by  this  and  the  ooet  is  a 
little  more.     All  nails  should  be  set  and  the  floor  planed  if  it  is  not  smooth  enough  without  it. 

Steel  beams  are  used  somewhat  in  mill  construction  bxiildings,  but  are  not  liked  by  the  insurance  €K>mpaniei 
as  well  as  wood.  They  tolerate  them,  however,  trusting  to  sprinklers  to  keep  them  cool  in  case  of  fire,  and  con- 
sider that  a  fire  will  be  confined  to  one  story.  Their  advantages  are  that  piers  are  not  cut  away  by  their  use  ai 
in  the  case  of  wood  and  can  therefore  be  narrower,  thus  increasing  the  window  width,  and  columns  can  be  farther 
apart.  The  beams  should  be  laid  on  the  walls  as  the  work  proceeds,  with  one  brick  course  fitted  around  them  in 
the  face  of  the  wall,  and  the  pocket  thus  formed  filled  with  cement  grout.  The  brickwork  can  then  prooeed  and 
the  wall  is  not  reduced  in  cross  section  where  the  beam  enters.  If  steel  beams  are  used,  pintles  should  not  be 
omitted. 

64.  Anchoring  of  Steel  Beams. — The  anchoring  of  steel  beams  in  walls  is  not  quite  so  de- 
sirably accomplished  as  with  wood.  The  common  way  is  to  have  a  couple  of  short  pieces  of 
steel  angle  riveted  vertically  to  the  web  near  the  end  of  the  beam  to  anchor  it,  and  build  the 
beam  in  as  described  above.  The  beam  can  be  drawn  up  to  the  pintle  before  this  is  done.  If 
the  beam  falls  in  a  fire  it  will  pry  out  some  of  the  brickwork.  A  beam-box  could  be  used,  as  in 
the  case  of  wood  beams,  and  bolted  to  the  lower  flange  of  the  beam  before  the  box  is  built  into 
the  brickwork.     The  beam  and  box  could  then  be  slid  as  the  beam  is  drawn  up  to  the  pintle. 

Square  or  rectangular  pintles  look  better  with  steel  beams  than  round  ones,  as  the  beam  ends  fit  against  them 
better  (Fig.  87).  Sometimes  the  lower  fiange  is  bolted  to  a  bracket  cast  on  the  bottom  of  the  pintle  and  sometimes 
the  web  is  bolted  to  an  appropriate  projection  on  the  pintle.  The  best  way  is  to  rivet  angles  to  the  web,  and 
bolt  the  beams  together  by  means  of  bolts  passing  through  oblong  holes  cast  in  the  pintle,  as  in  Fig.  87.  Care 
must  be  taken  to  have  the  beam  rest  over  the  top  of  the  column  and  avoid  transverse  stress  in  the  pintle  brackets. 

65.  Roofs. — The  remarks  on  floors  will  apply  to  roofs,  except  that  spruce  sometimes  warps 
and  turns  up  its  edges  so  that  it  may  injure  the  roof  paper.  The  standard  slope  of  mill  roofs 
is  }4  in.  per  foot. 

Concerning  roof  coverings,  there  are  many  different  makes,  any  of  which  will  be  furnished 
with  a  guaranty  of  five  or  ten  years.  Tar  and  gravel  are  very  satisfactory  and  should  be  five 
or  six  plies  thick.  Thick  roof  coverings  of  this  kind  are  important  in  some  places  on  account 
of  their  insulating  qualities  which  assist  in  preventing  condensation  of  humid  atmosphere  on 
the  imderside  in  cold  weather. 

The  imdersides  of  roofs  and  floors  are  sometimes  painted  white,  but  the  cracks  between  the  planks  make  them 
look  bad,  although  the  lighting  effect  is  good.  Likewise,  brick  walls  can  be  painted,  but  the  natural  briok  looks 
better.     Brick  looks  best  when  washed  down  with  add  and  oiled. 

66.  Columns  and  Walls. — Columns  are  usually  made  of  long*>leaf  Southern  pine  and  should 
be  carefully  selected  for  straightness  of  grain  and  freedom  from  defects.  It  is  very  important 
that  the  ends  should  be  square  with  the  axis,  and  when  the  columns  are  round  this  is  easily 
accomplished  in  the  lathe.  Wood  columns  are  often  made  as  small  as  6  in.  square,  but  they  are 
very  apt  to  spring  and  in  hot  factories  this  is  true  of  columns  of  any  size.  Practically,  it  is 
better  to  have  8  in.  the  minimum  size.  Pipe  columns  filled  with  concrete  are  used,  but  the 
mutual  insurance  companies  consider  wood  columns  a  better  fire  risk,  and  where  the  pipe  con- 
crete columns  are  used  they  prefer  to  have  a  reinforcement  placed  inside,  this  being  strong 
enough  to  support  the  load  (Fig.  87).  The  stock  companies  do  not  require  this.  This  type  of 
column  without  interior  reinforcement  went  through  the  Salem  fire  successfully.  Even  with 
these  columns,  or  those  of  cast  iron,  pintles  should  be  used.  Both  ends  of  pintles  should  be 
faced  off  square  and  likewise  the  surfaces  with  which  they  come  in  contact,  and  pintles  for  square 
columns  should  have  a  circular  face  on  which  the  coliunn  rests  so  that  it  can  be  faced  in  a  lathe 
or  boring  mill  (Fig.  86). 

Wood  columns  were  formerly  bored  and  ventilating  holes  made  at  top  and  bottom.  The  benefit  of  this 
cannot  be  identified  and  the  practice  has  been  generally  abandoned. 
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The  upper  and  lower  end*  of  wood  columns  should  be  treated  with  a  preservative,  especially  the  lower  ends, 
as  they  are  frequently  wet  from  washing  the  floors. 

In  building  such  a  factory  some  designers  have  slanted  the  piers  between  windows  inward  on  the  outside  of 
the  building.  This  is  expensive  and  useless*  and  it  should  be  kept  in  mind  that  the  center  of  pressure  coming 
from  the  weights  should  b^  as  near  the  center  of  the  foundation  as  possible.  By  stepping  the  walls  back  4  in.  or 
more  at  each  floor  on  the  inside  of  the  building,  or  at  every  other  floor,  this  is  partly  accomplished  and  the  outside 
of  the  pier  can  be  kept  vertical  (Fig.  85).  If  the  pier  is  inclined  or  made  like  a  stepped  buttress  on  the  outside, 
the  result  is  that  the  Idundation  will  be  eccentrically  loaded.  These  inclined  or  buttressed  pieces  accomplish 
nothing  desirable. 

67.  Basement  Floors. — If  a  wood  floor  is  desired  in  the  basement  the  best  way  is  to  make 
a  tar  concrete  and  wood  floor,  as  follows :  The  earth  should  be  filled-in  layers  6  in.  thick  and 
rammed  level.  On  top  of  this  there  is  to  be  a  layer  3  in.  thick  of  hot  tar  concrete  laid  and  rolled 
firmly  and  level,  the  upper  ^  in.  being  of  fine  material  laid  hot  and  well  rolled  to  prevent  mois- 
ture from  coming  through.  On  this  there  is  to  be  a  layer  of  unplaned  square-edged  plank  2H 
to  4  in.  thick,  laid  close.  The  plank  should  be  kyanized  or  treated  with  other  preservative  to 
prevent  decay.  A  top  floor  is  then  laid  at  right  angles  to  the  plank  and  well  nailed.  The  plank 
need  not  be  splined,  because  there  is  no  chance  for  vertical  movement. 

It  is  not  well  to  use  sleepers,  as  it  is  difficult  to  surround  them  properly  with  tar  concrete  and  difficult  to 
get  them  level,  and  they  accomplish  nothing.  A  floor  as  above  described  is  a  heavy  solid  mass  and  is  bound 
together  by  the  top  floor.  Experience  shows  that  it  is  satisfactory  without  being  fastened  to  anything  and  is 
suitable  for  holding  any  machinery  that  does  not  require  foundations.    It  is  good  where  wet  processes  are  carried  on. 


FLOOR  AND  ROOF  FRAMING—STEEL 

By  H.  J.  Burt 

68.  Floor  Construction  and  Fireproofing. — Steel  floor  framing  may  be  used  with  almost  any 
form  of  floor  construction.  The  design  of  the  steel  work  is  governed  thereby.  Hence,  the 
details  of  the  floor  construction  including  fireproofing,  if  any,  must  be  determined  as  a  prelimi- 
nary to  the  design  of  the  steel. 

68a.  Wood  Floors. — It  is  not  usually  desirable  to  use  steel  with  wood  floor  con- 
struction, but  occasionally  conditions  warrant  it.     The  following  combinations  may  occur: 

(a)  Ordinary  wood  joist  construction  with  steel  girders,  the  joists  being  closely  spaced  for  supporting  a  plastered 
ceiling;  and  for  supporting  a  sub-floor  and  finiBhed  floor  of  J^-in.  boards.  There  may  be  a  layer  of  concrete  or 
cinders  between  the  sub-floor  and  the  finish  floor. 

(fr)   Mill  construction  having  wood  joists  and  steel  girders,  the  joists  being  spaced  4  to  6  ft.  ajMkrt. 

(c)  Mill  construction  having  steel  joists  and  steel  girders,  the  joists  being  spaced  4  ft.  or  more  apart. 


Fig.  88. — Detail  of  framing  of  wood  joists  to 
steel  girders. 


Fio.  89. — Bracket  on  web  of  steel  ^rder  to 
support  wood  joist. 


Although  in  the  above  cases  fireproofing  is  seldom  used,  it  is,  nevertheless,  very  desirable. 
Tile  is  most  economical  for  this  purpose,  but  concrete  may  be  used.  To  provide  complete  pro- 
tection, it  must  be  put  on  before  the  wood  is  placed.  In  case  (a),  some  protection  for  the  lower 
flange  can  be  provided  by  covering  it  with  metal  lath  and  cement  plaster. 

In  case  Ca),  the  simplest  detail  is  to  rest  the  joists  on  top  of  the  girders.  If  headroom  under  the  girders  is  a 
consideration,  the  joists  may  be  framed  to  the  sides  of  the  girders,  resting  on  wood  strips,  shelf  angles,  or  the  bottom 
flange  of  wide  flange  beams  (Fig.  88).     If  the  girder  is  fireproof ed,  stirrups  must  be  used. 

In  case  (6) ,  the  wood  joists  may  rest  on  top  of  the  girders,  or,  if  headroom  governs,  be  carried  in  stirrups.  If 
the  deoth  of  girder  permits,  brackets  may  be  riveted  to  the  girder  web  (Fig.  89). 
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driven  from  bslow  »o  u  to  BDca^  the  Range  nf  tha  beam  (tbsK  »n  be  readily  driven  with  a  rompreaeBd  «ir  Iub- 
mec);  or  a  niilinf  strip  may  be  bdtrd  to  the  top  flnniiR.  In  tbis  oDuetruction,  it  is  not  practiosble  to  fireproof  tir 
top  flangw  nf  the  (irder,  but  (lirly  good  proteution  can  be  haii  by  encaging  the  bottom  flange  and  the  veb  witJi  tiit 
Attar  the  floor  Is  laid.     The  wood  will  (urniah  eoniiderable  protection  to  the  top  flange. 

885.  Tile  Arch  Floors. — Tile  arch  floors  serve  to  fumuh  the  sub-floor  construe- 
tion  and  the  fireproofing  of  the  steel  joista  and  girders  (Fig.  90).  The  finish  floor  may  be  con- 
crete or  a  wood  flooring. 

A  practical  rule  for  the  relation  of  depth  to  spaji  is  that  the  span  in  Tcet  shall  not  be  mon 
than  ^  the  depth  of  tile  in  inches, 
or  a  ratio  of  9  to  1.  The  depdi 
of  tile,  depth  of  joists,  and  spac- 
ing of  joists  (or  span  of  tile  arch) 
are  so  related  that  they  must  bt 
considered  together,  taking  into 
account  the  following: 

For  a  (iiven  spacing  of  girdets, 
Pm.  00.-SectLon  of  flat  tile  aieh  floor.  '■'>«"«  "<  B>*ater  economy  of  Bt*d 

if  deep  joists  are  used  sjiaced  u 

far  apart  as  their  strength  will  permit.  It  is  desirable  to  apace  joists  so  that  they  will  divide 
the  panel  equally,  having  joists  on  column  lines.  The  depth  of  joist  (controls  the  total  thicknesi 
of  floor  construction,  and  the  greater  this  thickness,  the  greater  ts  the  dead  load  and  its  cost. 
The  arrangement  is  indicated  in  Fig.  90  which  shows  the  total  depth  to  be  6  or  7  in.  more  than 
the  depth  of  joist. 

Tile  arch  sets,  in  place,  weigh  approximately  as  given  below,  but  these  weights  will  vary  and 
must  bfl  checked  locally. 

Weight  per 


3D  X  20  ft.     It  may  be  oivided  into  Z.  3.  4.  or  G  ■uh-paneli,  bavins  indttB 
■  ft.  0  in.,  and  *  It.  0  in.     Assume  a  live  load  of  100  lb. 

ir  trial,  assume  a  12-in.  joist  with  a  total  Boor  thickness  of  19  in.     Then  the  loads  may  be  computMl  *• 

Wood  Boorlnfc M  in A 

Cinder  till 3H  in 28 

Arch  set 14      in 40 

fiteel  joists 7 

I^iater K  in 6 

1»      in.  86 

Partition  (avoraie) 26 

Total  dead  load 110 

Live  load 100 

TntiJload 210  lb. 


1.,  dwireaung  the  load  4  lb.  per  >q,  ft.  and  making  the  total  206  lb.  For 
ind  the  cinder  fill  4H  i"..  iocreaHnt  the  load  14  lb.  per  aq,  ft.  and  makiu 
9  tile  arch  will  be  14  in.  with  a  0-in.  tiller  tile  and  3>f  in.  of  onden,  ia- 
kiag  the  total  232  lb. 
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10  ft.  0  iD. 

l»^n.  48-lb,  I 

6  It.  8  in. 

15-)n.  3e-1b-  I 

B  tt.  0  la. 

l«n.  35-lb.  I 

ltt.OUi. 

13^.  27H-lb. 

*  ft.  0  io. 

l(Hn.  4&-lb.  I 

waicfaU  for  ths  rsapeotive  sub-pitael  vidthi, 
Conjp&TBtivc  weishta 


ispaat.     The  flcun*  bm 


Bp«in« 

10  ft. 

Din. 

e  ft.  s  in. 

.,...,.. 

4  (t.  0  ID. 
IWd.1 

4  (t.  0  in. 
10-in.I 

Stod  iD  pUm  at  3« 

TUe  ip  plue  at  0.e« 

CiD  Iw  coDcnite  st  Z« 

to  oury  ratim  wocht  at 

4.01b. 
02.0  1b. 

14  lb. 

13.  S« 
37.  a< 
07.0( 

03. 8« 

5.4  lb. 
M.OIb. 
4Kip. 

M.OIb. 

18,2. 
27.0* 
00.0. 

04.4. 

7.01b. 
40.01b. 
SHiii. 

21.0* 
24.0. 
07.0. 

e.ssib 

40.0    lb. 

3Hir.. 

20. 8( 
07.0* 

saioib. 

3HlD. 

30.0* 
21.8* 

60.8. 

S7.2. 

MO. 

«.o* 

ith  l2-in,  joiita  to  be  chMiput.  bi 
!tween  two  depth!  of  bcanu.  thi 


Thii  labulatioD  indicatea  Iha  4-[t.  api 
>w  ID  lavor  of  the  li-ft.  ipacinc  becaiue 
If  there  happena  to  be  oioae  oampel 
lla  and  ooliuDDa  Duy  ba  a  detaroilDlna  factor. 

Vb«a  tha  heishl  of  buildiDo  k  limited  by  law.  tha  floor  thi> 
MliD(  the  Dumber  of  atorie*  lor  the  buildini.     Thi*  my  justify 
9  uaa  ol  thalioirer  bat  heavier  beama. 
Aa  a  ooDBluiioii  of  the  lontoiot  aoalyua,  it  ii  determinoJ  that 


joiila  irili  bo  adopted  *s  typical. 


To  prevent  joists  from  spreading  from  the  thrust  of  the  arches  durinf;  eonstruction  and  ia 
outside  p&neU,  tie  rods  are  used  spaced  S  to  7  ft.  apart.     The  details  arc  shown  in  Fig.  91. 

If  oue  end  of  an  arch  is  supported  by  a  girder  deeper  than 
tho  typical  joist,  a  shelf  angle  may  bo  used,  or  the  skew-back  may 
be  blocked  up  from  the  bottom  flange  of  the  girder  (Fig.  92). 

TTie  typical  joist  having  been  settled  for  a  given  case,  the 
ceiling  line  is  thus  established  and  a  deeper  joist  cannot  be  used 
in  any  special  situation  without  projecting  below  the  ceiling  line. 


Fia.  VI. — Detail  of  tia 


If  a  shallower  joiat  is  used,  it  is  placed  flush  on  the  bottom  with  the  typical  joist.     This  is  illus- 
trated by  Rg.  93. 

68c,  Concrete  Floors.— When  a  concrete  floor  is  used  on  atccl  framing,  the  con- 
crete is  also  used  tor  flreproofing  the  steel.  Whether  or  not  the  concrete  provides  the  floor  finish 
ia  not  pertinent  to  the  subject  under  discussion,  only  as  the  weight  may  he  affected.  Wood  or 
other  floor  flniah  may  be  placed  on  top  of  the  slab.  If  fiat  ceiling  finish  is  required,  some  fonn  of 
suspended  oeiling  will  be  attached  to  or  suspended  from  the  bottom  flai^es  of  the  joists. 
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The  combinations  of  concrete  floor  and  steel  framing  most  frequently  occurring  arc: 

(a)  Gonorete  Blab  resting  on  steel  Joists. 

(6)   Concrete  slab,  or  slab  with  concrete  joists  spanning  from  girder  to  girder. 

(c)   Concrete  slab  supported  by  girders  on  four  sides. 

The  fireproofing  of  the  steel  beams  is  accomplished  by  encasing  them  in  the  concrete, 
using  a  minimum  cover  of  2  in.  or  such  other  amount  as  specified  by  proper  authority.  No 
special  details  of  the  steel  beams  are  required  for  supporting  the  casing.  On  deep  plate  girders, 
however,  it  may  be  desired  to  save  weight  of  concrete  by  paneling  the  sides,  in  which  case  it 
may  be  desirable  to  punch  the  web  plate  for  anchors.  Some  form  of  steel  fabric  on  the  bot- 
tom flanges  and  vertical  wires 
on  the  sides  are  used  to  secure 
the  fireproofing  in  place  and  are 
provided  in  detailing  the  con- 
crete. 

The  thickness  of  concrete 
on  top  of  the  beams  should  be 
not  less  than  3  in.  and  more 
may  be  required  if  many  pipes 
are  to  be  embedded.  If  the 
slab  used  is  greater  than  the 
amount  determined  as  neces- 
sary over  the  tops  of  the  beams, 
the  bottom  of  the  slab  may  be 
below  the  top  of  the  beams.  The  tops  of  all  the  joists  and  girders  are  placed  at  one  level 
imless  some  special  condition  requires  otherwise  (compare  with  tile  arch  construction,  Fig.  93). 
In  case  (a),  if  the  thickness  of  slab  is  settled  as  previously  specified,  the  greatest  economy 
ui  steel  will  be  effected  by  spacing  the  joists  as  far  apart  as  the  slab  will  span,  being  limited 
of  course,  by  equal  divisions  of  the  panel,  so  that  joists  will  occur  on  column  lines.  If  not  so 
established,  an  analysis  must  be  made  of  all  the  possible  spacings  to  determine  the  cheapest 
combination. 


Ceiftng  lirm-^ 


Smalhr 
isn 


htavy  pist 


Girder' 


FxQ.  93. — Diagram  showing  the  relative  position  of  joists  and  girder 

in  tile  arch  floor. 


As  an  illustration,  assume  a  panel  20  X  20  ft.  and  a  live  load  of  100  lb.  per  sq.  ft.  The  panel  may  be  divided 
into  2,  3,  4,  or  5  sub-panels,  having  widths  respectively  of  10  ft.  0  in.,  6  ft.  8  in.,  5  ft.  0  in.,  and  4  ft.  0  in.  The 
thickness  of  slabs  and  weight  of  reinforcing  required,  are: 


Span  of  slab 

10  ft.'  0  in. 

6  ft.  8  in. 

6  ft.  0  in. 

4  ft.  0  in. 


Thickness 
(inches) 

5H 
4 
3 
3 


Weight  of  reinforcement 
(lb.  per  sq.  ft.) 
1.65 
1.10 
0.85 
0.85 


The  approximate  loads  per  square  foot  of  floor  can  now  be  computed  from  which  to  determine  the  beam 


■ises. 


Spacing 


10  ft.  0  in. 


6  ft.  8  in. 


5  ft.  0  in. 


4  ft.  0  in. 


SUb 

Beam  casing 

Steel 

Oiling 

Partitions 

Live  load 

Totals 


68 
20 

5 

8 
25 

126 
100 

226  lb. 


50 
24 

6 

8 
25 

113 
100 

213  lb. 


38 
25 

0 

8 
25 

102 
100 

202  1b. 


38 
32 

0 

8 
25 

109 
100 

209  1b. 
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From  these  loads,  the  beam  sections  required  and  their  comparative  weights  for  the  respective  sub-panel  widths  are: 

Beam  section 


Spacing 

10  ft.  0  in. 

6  ft.  8  in. 
6  ft.  0  in. 
4  ft  0  in. 


or 


or 


18-in.  46-lb.  I 
15-in.  60-lb.  I 
15-in.  36-lb.  I 
12-in.  31)^-lb.  I 
12-in.  37H-lb.  I 
\0-m.  35-lb.  I 


Comparative  weights 
Qb.  per  sq.  ft.) 
4.6 
6.0 
5.4 
6.3 
6.88 
8.75 


A  comparative  estimate  of  costs  can  now  be  compiled.     The  figures  here  used  are  for  illustration  only,  and  are  given 
in  cents  per  square  foot  of  floor: 


Spacing 


10  ft.  0  in.(18-in.I) 


10  ft.  0  in.(15-in.I) 


6  ft.  8  in. 


Steel  in  place  at  3.0^ 

r!oncrete  in  slab  and  beam  casing  at  30^ 

Reinforcing  in  place  at  3.0^ 

Forms  for  slab  at  9.0^ 

Forms  for  beams  at  9.0^ 

Excess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2^ 

Totals 


4.0  lb. 

13.8^ 

o.eocu.  ft. 

18.0^ 

1 .  65  lb. 

5.0^ 

1.0    sq.  ft. 

9.0^ 

0.40  sq.ft. 

3.6^ 

24  1b. 

4.8^ 

54.2^ 

6.0  1b. 

18.0^ 

0.68  cu.  ft. 

17.4^ 

1.65  1b. 

5.0^ 

1.0   sq.ft. 

0.0^ 

0.34  sq.ft. 

3.1^ 

201b. 

4.0^ 

56.5^ 

5.4    lb. 
O.SOcu.  ft. 
1 .  10  lb. 
1 . 0  sq.  ft. 
0.51  sq.ft. 


lib. 


16.2^ 

15.0^ 

3.3^ 

0.0^ 

4.6^ 


0.2^ 


48.3^ 


J 


Spacing 


5  ft.  0  in. 


4    ft.  0  in.(12-in.I) 


4  ft.O  in.(10-in.I) 


Steel  in  place  at  3.0^ ^ 

Concrete  in  slab  and  beam  casing  at  30^ 

Reinforcing  in  place  at  S.Off 

Forms  for  slab  at  Q.O^ 

Forms  for  beams  at  0.0^ 

Excess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2^ 

Totals 


6.3    lb. 

18.9^ 

0.42  cu.  ft. 

12.6^ 

0.85  1b. 

2.5^ 

1.0   sq.ft. 

9.0^ 

0.61  sq.ft. 

5.5^ 

0  1b. 

0.0^ 

48.5^ 

6.9    lb. 
0 .  47  cu.  ft. 
0.85  1b. 
1 . 0  sq.  ft. 
0.77  sq.  ft. 


7  1b. 


20.7^ 

14.  M 
2.5^ 
9.0^ 
7.0^ 


1.4^ 


bA.-Ji 


8.8    Ih. 
0.42CU.  ft. 
0.85  1b. 
1.0   sq.  ft. 
0.60  sq.  ft. 


26.4^ 

12.6^ 

2.5^ 

9.0^ 

7.2^ 


0.0 


57.7^ 


^^sms^ 


3lob  and  joist  constriction 


The  foregoing  computations  show  little  choice  between  the  5  ft. 
0-in.  spacing  with  a  ll^-in.  joist,  and  the  6  ft.  8-in.  spacing,  with  a 
15-in.  joist.  If  the  clear  height  of  story  is  fixed,  the  shallower  beam 
would  probably  be  selected  as  there  would  be  relative  saving  in 
columns,  walls,  and  partitions.  Comments  in  the  preceding  article, 
regarding  limits  of  building  heights,  also  apply  here. 

As  a  conclusion  of  the  foregoing  analjrsis,  it  is  determined  that 
12-in.  joists  will  be  adopted  as  typical. 


ConcTvhB  floor  and  tile  filters 


CQncrete  Floor  with  thin  slab  and 
ofjwst 
tnctol 


cloM  apoang  of jotst&mod*  with nemouoble 

Tortns 


Fig.  94.^Three  types  of  concrete  floor.  Fig.  95.— Sections  showing  relation  of  girders  to  concrete  floors. 

For  case  (&),  there  may  be  a  flat  slab  heavy  enouf^  to  span  from  girder  to  girder,  no  joists 
being  required ;  or  there  may  be  a  thin  concrete  slab  with  concrete  joists.  Fig.  94  shows  three 
types  of  floors  with  concrete  joists.     Fig.  95  shows  sections  through  the  girder. 
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The  top  of  the  girder  must  be  at  least  3  in.  below  the  top  of  the  slab.  No  special  detaili 
of  the  girder  are  required. 

In  buildings  several  stories  high  where  the  girders  are  steel  and  the  joists  concrete,  it  thmj 
be  necessary  to  provide  steel  members  on  column  lines  to  act  as  struts  for  bracing  the  columns. 
If  not  used,  temporary  bracing  must  be  provided  to  hold  the  columns  accurately  plumb  until 
the  concrete  is  in  place. 

Case  (c)  occurs  when  a  flat  slab  is  used,  reinforced  in  two  directions.  It  requires  no  special 
details  of  the  girder.    For  load  effect  on  girder,  see  Sect.  2,  Art.  39c. 

69.  Design  of  Joists. — The  method  of  determining  the  proper  spacing  of  joists  for  varioos 
kinds  of  floor  construction,  has  been  described  on  the  preceding  pages.  The  unit  loads  can  nov 
be  accurately  computed.  The  area  supported  is,  of  course,  the  spacing  multiplied  by  the  lengtL 
The  loads  used  are  the  full  dead  and  live  loads. 

The  joist  is  designed  as  a  simple  beam,  no  account  being  taken  of  the  restraint  furnished  by 
the  end  connections.  The  joist  section  is  usually  designed  for  bending  resistance,  the  standard 
tables  being  used  for  this  purpose. 

For  long  spanB  with  light  loadB,  the  defleotioii  needs  to  be  oonaidered.  The  practical  limit  of  leng:th  is  24  tuaei 
the  depth,  if  the  beam  ia  loaded  to  its  capacity.  For  short  spans  with  heavy  loads,  the  strength  of  the  atandani 
end  connection  may  govern  the  depth  of  beam  or  a  special  connection  may  have  to  be  deaigned. 

Concentrated  loads  may  occur  on  joists  from  partitions,  around  stair  and  elevator  shafts,  eto.  The  reaali- 
ing  bending  moments  and  shears  must  be  computed  for  such  cases  and  combined  with  the  bending  momenta  aod 
shears  from  the  uniformly  distributed  loads.  Aa  this  occurs  more  generally  with  girders,  it  ia  diseusaed  further  ia 
the  next  article. 

The  I-beam  is  the  proper  section  to  use  for  joists,  except  in  special  cases.  The  minimum  wei^t  aection  of  ■ 
given  depth  is  most  economical,  and  should,  if  possible,  be  selected  as  the  typical  joist. 

Having  adopted  a  typical  joist,  there  will  be  found  cases  where  a  shallower  joist  can  be  uaed  and  ordiaaxilT 
there  will  be  no  objection  to  its  use  (see  Fig.  03).  There  will  be  found  other  cases  where  the  typical  joist  is  net 
strong  enough.  Then,  if  it  is  not  permissible  to  have  it  project  below  the  ceiling  level,  a  heavier  joist  of  the  sane 
depth  will  be  used.  If  the  heaviest  weight  I-beam  will  not  suffice,  a  special  section  can  be  built  up  of  two-cfasB- 
nels,  or  two  channels  and  a  web-plate  (see  Fig.  93). 

70.  Design  of  Girders. — In  addition  to  the  loads  brought  td  it  by  the  joists,  the  girder 
carries  its  own  weight  and  its  fireproofing.  It  may  also  have  special  loads  from  partitions,  staiis, 
etc.  The  joist  loads  are  concentrated,  the  weight  of  the  girder  is  uniformly  distributed,  and  the 
special  loads  may  be  either  concentrated  or  distributed. 

The  total  load  on  the  girder  is  not  the  whole  panel  load,  as  some  joists  connect  directly  to 
the  columns,  but  the  effect  on  the  girder  resulting  from  the  joist  concentration  is  nearly  the 

S^-^  same  as  if  the  whole  panel  load  were  applied  as  uniformly 

I  k"3        distributed.     This  latter  method  of  applying  the  load  (a) 

I  JP-I^.       ^^  exact,  if  the  length  of  girder  is  from  center  to  center  of 

^*       ODuUei-BoHn      columus  and  the  number  of  sub-panels  is  even;    (6)  is 
DtaunHfean     «*»fc™«i  "^  ^tad  Okiphrws  exccssivc,  if  the  length  of  girder  is  Substantially  Icss  thsD 
^^^^^  '"ieparotors  thc  ccutcr  to  ccntcr  distance  of  columns,  or,  if  the  num- 

I~l  I"  ber  of  sub-panels  is  odd. 

I  I  In  making  the  final  design  of  a  ^rder,  it  is  usually  worth  whUe 

11  to    make  accurate  calculations,  taking  advantage  of   the   actosl 

J  L  length  of  the  girder,  and  the  concentration  of  the  loads. 

BmGirdcr  ^  Concrete  floor  spanning  from  girder  to  girder,  givea  a.iui- 

rtah  Oi^  f ormly  distributed  load  on  the  girder,  unless  concrete  joiats  are  vatd 

Pj^   qq Girder  sections.  ^^^  vnde  spacing,  in  which  case  the  comments  relating  to  steel 

joists  will  apply. 
If  a  slab  reinforced  in  two  directions  is  supported  on  four  sides,  the  panel  load  is  equally  divided  between  the 
girders,  but  is  not  uniformly  distributed  along  the  girders  (see  Sect.  2,  Art.  30c). 

The  preferred  section  for  a  girder  is  a  single  I-beam  or  a  plate  girder.  A  double  I-beam,  a  double  plate  girder, 
or  a  box  girder,  is  used  when  the  allowable  depth  is  not  sufficient  for  a  single  beam  or  plate  girder  (see  Fig.  06). 

71.  Arrangement  of  Girders  and  Joists. — It  is  assumed  that  column  locations  and  conse- 
quently the  sizes  of  floor  panels  are  governed  by  other  considerations  than  the  floor  construction. 
With  the  panel  arrangement  fixed,  it  must  be  decided  in  which  direction  to  place  the  girders. 
There  are  a  number  of  considerations:  (1)  The  girders  can  best  be  enclosed  in  cornices  if  over 
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paititioiiB,  as  along  oorridon;  (2)  they  intercept  less  light  if  placed  at  right  angles  to  the  outside 
walla;  (3)  they  will  be  shallower  if  used  on  the  shorter  span;  and  (4)  economy  may  be  the  im- 
portant factor.    All  of  these  considerations  must  be  weighed. 

The  following  is  taken  from  Burt's  "Steel  Construction"  by  permission  of  the  American 
Technical  Society. 

Fis.  07  illustrates  a  tirpioal  floor  panel  in  a  buildinc.  It  is  desired  to  investigate  the  various  possible  ar- 
rancements  of  framinc  for  this  paneL  Assume  that  the  dead  load  on  the  joists  is  80  lb.  per  sq.  ft.  inoluding  the 
weight  of  joists  (but  not  the  weight  of  the  girders  and  theb  fireproofing) ;  and  that  the  live  load  is  100  lb.  per  sq.  ft. 
on  joists,  and  85  lb.  per  sq.  ft.  on  girders. 

Sehetne  (a). — Scheme  (a)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  four  parts.  The 
Joists  are  spaeed  6  ft.  4H  »•  center  to  center 


Fig.  97. — Alternate  arrangements  of  steel  joist  and  girder  framingt 


Arcft  supported  by  one  joist  *-  16  X  5N  ■-  80  sq.  ft. 


Dead  load  on  one  joist  »  86  X  80 
live  load  on  one  joist  ->  86  X  100 


68801b. 
86001b. 


Total  load     -    15,480  lb. 

I'lus  total  load,  15,480  lb.,  is  uniformly  distributed  on  a  span  of  16  ft.     The  table  of  safe  loads  in  the  steel  handbook 
indicates  a  lO-in.  25-lb.  I. 

The  girder  carries  the  reactions  of  the  joists  on  each  side  and  the  weight  of  itself  and  of  its  fireproofing  (assumed 
fl^^   200  lb.  per  lin.  ft.).     On  the  theory  that  the  whole  floor  will  not  be  loaded  at  one  time,  the  live  load  on  the 
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girder  is  taken  at  85  lb.  per  sq.  ft.     The  length  of  span  is  taken  at  20  ft.  6  in.  (allowance  being  made  for  the  vidtt 
of  the  column).     Then  the  loads  on  the  girder  are  as  indicated  in  the  figure  and  the  bending  momenta  are: 


For  uniformly  distributed  load,  M  *■ 


(4100)(2QH) 
8 


-  ia6000ft.-lb. 


For  concentrated  loads 


f  +  21.135  X  10>^  -  216.034 


I 


-  14,190  X    6H  -     76.271  ■  140,363 

Total  bending  moment  »  150,863  ft.-lb. 


Fxa.  98. 


Fxa.  99. 


/rom  the  table  of  resisting  moments  in  the  steel  handbook,  a  20-in.  65-lb.  I  is  indicated. 

Scheme  (b). — Scheme  (6)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  three  parts.    TUi 
requires  a  12-in.  3lH-lb.  I  for  the  joist  and  a  20-in.  65-lb.  I  for  the  girder. 

Similarly  the  other  schemes  can  be  designed  and  comparative  costs  estimated  as  in  the  previous  artides. 

Choice  of  Scheme. — A  number  of  considerations  will  affect  the  final  decision  as  to  the  scheme  to  be  adopted 
The  character  of  the  floor  conbtruction  will  limit  the  spacing  of  the  joists.  It  might  eliminate  schemes  (&),  (r),  (d\ 
and  (/).  The  thickness  of  floor  construction  may  be  important,  in  which  case  scheme  (a)  would  be  preferred  ss  to 
joists  and  scheme  (g)  as  to  girders.  The  thickness  of  floor  may  affect  its  cost  and  also  the  dead  load  to  be  carried 
by  joists,  girders,  and  columns,  making  the  thinner  floor  preferable  on  this  account.  A  flat  ceiling  may  be  re- 
quired over  the  entire  area,  in  which  case,  scheme  (jg)  is  applicable. 

72.  Details  of  Coimections.* 

72a.     Connection  of  Beams  to  Beams. — When  one  beam  bears  on  top  of  another, 
the  only  connection  required  is  rivets  or  bolts  through  the  flange,  as  shown  in  Fig.  98.     No 

stress  is  transmitted  by  these  rivets  or  bolts.  The? 
serve  simply  to  hold  the  beams  in  position.  Ste^ 
clips  are  sometimes  used  for  this  purpose  (Fig.  99), 
but  as  they  are  not  positive  in  holding  the  beams  in 
position,  they  are  not  as  good,  especially  when  iater&l 
support  is  required.  When  this  is  not  important,  the 
clips  can  be  used  and  may  effect  a  saving  in  cost. 
These  clips  are  most  useful  for  attaching  tees  and 
angles  to  beams  in  ceiling  and  roof  construction. 
Angle  Connections, — The  most  common  method  of  connecting  one  beam  to  another  is  by 
means  of  angles  riveted  to  the  web .  There  are  several  sets  of  standard  connections,  various  con- 
cerns having  their  own  standards.  The  standard  connections  given  in  the  latest  edition  of  the 
Carnegie  Pocket  Companion,  are  recommended.  The  two-  angle  connection  is  generally  used, 
but  when  beams  are  used  in  pairs,  or  when  for  any  reason  the  two-angle  connection  cannot  be 
used,  the  one-angle  connection  is  employed.  The  rivets  used  in  the  standard  connections  are 
^  in.  in  diameter. 

The  strength  of  the  two-angle  connection  may  be  limited  by 

(1)  Shop  rivets  in  double  shear. 

(2)  Field  rivets  in  single  shear. 

(3)  Shop  rivets  in  bearing  in  web  of  joist. 

(4)  Field  rivets  in  bearing  in  web  of  girder. 

For  example,  take  the  connection  for  a  15-in.  42-lb.  I: 

(1)  6  shop  rivets  in  double  shear 
6  X  10.300  -  61.800  lb. 

(2)  8  field  rivets  in  single  shear 
8  X  4420  -  35.360  lb. 

(3)  6  shop  rivets  in  bearing  in  web  of  joist 
6  X  0.41  X  0.75  X  25,000  -  46.125  lb. 

^4)  8  field  rivets  in  web  of  girder. 

The  thickness  of  .the  web  is  not  given.  It  must  be  at  least  0.30  in.  for  a  connection  on  one  side  only,  or  of  twice 
this  thickness  if  an  equal  connection  is  on  the  opposite  side,  in  order  to  have  the  same  strength  as  the  field  rivets  is 
shear.  The  shearing  strength  of  this  connection,  35,360  lb.,  corresponds  to  the  maximum  safe  uniformly  distrib- 
uted load  on  a  span  of  about  0  ft.  It  is  less  than  the  shearing  strength  of  the  web  of  the  beam.  It  rarely  happew 
that  the  strength  of  the  connection  is  less  than  required,  and  occurs  only  when  the  beam  is  short  and  heavily  loaded, 
or  when  a  heavy  load  is  applied  near  the  end.  Lack  of  bearing  in  the  web  of  the  girder  is  more  likely  to  ooeur,  bat 
this  is  not  frequent.  If  it  does  happen,  however,  angles  with  6-in.  legs  may  be  used  to  provide  space  for  more  riveCi, 
or  a  reinforcing  plate  may  be  riveted  to  the  web  of  the  girder  (Fig.  100). 

1  From  Burt's  "Steel  Construction"  by  permission  of  the  American  Technical  Society. 
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Special  Connections. — When  beams  on  the  two  sides  of  a  girder  do  not  come  opposite  or 
are  of  different  sizes  so  that  the  standard  connections  do  not  match,  it  is  necessary  to  devise  a 
special  connection.  If  a  beam  is  flush  on  the  top  or  on  the  bottom  with  the  one  to  which  it 
connects,  the  flange  must  be  coped  (Fig.  101).  A  number  of  special  connections  are  shown  in 
Fig.  102  and  need  no  explanations. 


Fig.  100. 


'i^A 

1           1 

'l^s^z 

Fig.  101. 

Fig.  102. — DetailB  of  beam  connections. 


725.  Connections  of  Beams  to  Columns. — A  beam  may  connect  to  a  column  be 
means  of  a  seat  or  by  means  of  angles  on  the  web.  The  great  variety  of  conditions  that  may  by 
encountered  make  it  impracticable  to  have  standards  for  these  connec- 
tions, though  the  work  of  each  shop  is  standardized  to  some  extent. 

Seoi  Connections. — The  seat  connection  is  shown  in  Fig.  103. 
This  seat  or  bracket  is  made  up  of  a  shelf  angle,  one  or  two  stiffener 
angles,  and  a  filler  plate.  The  load  is  transmitted  by  the  rivets, 
acting  in  single  shear,  which  connect  the  bracket  to  the  column. 
The  number  of  rivets  used  is  proportioned  to  the  actual  load  instead 
of  being  standardized  for  the  size  of  the  beam.  The  stiffener  angles 
support  the  horizontal  leg  of  the  shelf  angle  and  carry  the  load  to  the 
lower  nvets  of  the  connection. 

Shelf  angles  are  6,  7,  or  8  in.  vertical,  and  4  or  6  in.  horixontal,  having  a  thick-      -pia.  103. Seated  connec- 

nees  of  He  to  ^i  in.,  depending  on  the  siie  of  beam  and  the  load.     The  leg  of  the   tion  of  beam  to  column, 
stiffener  angle  parallel  to  the  web  of  the  beam  is  usually  H  or  1  in.  less  in  width 

than  the  horisontal  leg  of  the  shelf.  The  leg  against  the  column  is  governed  by  the  gage  line  of  the  rivets  in  the 
column.  The  filler  is  the  same  thickness  as  the  shelf  angle.  An  angle  connecting  the  top  flange  of  the  beam  to 
the  column  is  generally  used.  It  is  not  counted  as  carrying  any  of  the  load,  but  serves  to  hold  the  top  of  the 
beam  in  position  and  stiffens  the  connection.  The  rivets  connecting  the  bottom  flange  of  the  beam  to  the  shelf 
■erre  only  to  hold  the  members  together  and  make  a  stiff  connection.     Usually  there  are  only  two  rivets  in  each 
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\  rivetwl  msmber.     No  (hop  rivetlac  Ii  required  on  the  beun 


i)  Ths  number  of  field  ri 


Web  Connection*. — The  web  connection  is  made  by  means  of  two  angles  (FiK-  105).  TTie 
legs  parallel  to  the  beam,  rivet  to  the  web,  and  the  outstanding  legs  to  the  columns.  The  con- 
nection to  the  web  ot  the  beam  is  governed  by  the  same  conditions  as  the  standard  beam  con- 


Fio.  10*.— Type«  of  wkt  eoDnesUoiu. 

nection.  Ilie  length  of  the  outstanding  leg  is  governed  by  the  gage  lines  of  the  rivets  in  the 
column  or  the  space  available  for  them.  Usually  the  angles  are  shop  riveted  to  the  beam  and 
field  riveted  to  the  column.  If  the  angles  were  shop  riveted  to  the  column,  it  would  be  difficult 
or  impossible  to  erect  the  beam.  However,  one  angle  may  be  shop  riveted  to  the  column  and 
the  oUier  furnished  loose.  In  this  case,  the  number  of  field  rivets  generally  will  be  the  same  u 
if  the  angles  were  shop  riveted  to  the  beam,  but  the  shop  riveting  on  the  beam  will  be  eliminated, 
which  is  an  advantage.  When  this  connection  is  used,  a  small  seat  angle  is  provided  for  con- 
n  erecting. 

lion  ia  tbe  oompactneH  of  the  ptu-ta,  kM|ijii| 
ent  to  fireproof  it  or  ooDDeiil  it  (Fi,.  lOfl). 
TSc.  Separtttoia. — When  beams  are  used  in  pain  or 
groups,  Borne  connection  is  usually  made  between  them  at  short 
intervals.  Tlic  connecting  piece  is  called  a aeparalor.  If  the  purpose 
to  be  served  is  merely  to  tie  the  beams  together  and  keep  them  properly  spaced,  ths  gaa-pipt 
separator  is  used  (Fig.  107).  This  consists  of  a  piece  of  gas  pipe  with  a  bolt  running  through 
it.  This  form  is  used  in  lintels  and  in  grillage  beams.  For  beams  6  in.  or  leas  in  depth,  one 
separator  and  bolt  may  be  used ;  for  greater  depth,  two  should  be  used. 


vaatdEB  of  the  web  eona 
LRiitB  of  the  fire-proofing  i 
ipecial  arcbitQcturii]  trenl 
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The  separator  moat  oommoaly  used  is  made  of  oast  iron  (Fig.  108).  It  not  only  serves  as  a  spaoer  but  it  stiff- 
ens the  webs  of  the  beams  and,  to  a  limitaH  extent,  transmits  the  load  from  one  beam  to  the  other  in  ease  one  is 
loaded  more  heavily.  It  seldom  fits  ezaotly  to  the  beam,  so  it  cannot  be  relied  upon  to  transmit  much  load.  One 
bolt  is  used  for  beams  less  than  12  in.  deep  and  two  bolts  for  ll^-in.  and  deeper  beams.  The  dimensions  and  weights 
of  separators  and  the  bolts  for  them  are  given  in  the  steel  handbooks.  They  oan  be  made  for  any  spacing  of  beams 
and  special  shapes  can  be  made  for  beams  of  different  sixes  (Fig.  109). 

The  individual  beams  of  a  pair  or  group  should  be  designed  for  the  actual  loads  which  they  carry,  if  it  is  prac- 
ticable to  do  so.  If  it  is  necessary  to  transfer  some  load  from  one  to  the  other,  a  steel  separator  or  diaphragm  should 
be  used.     This  may  be  made  of  a  plate  and  four  angles,  or  of  a  short  piece  of  I-beam  or  channel  (Fig.  110).     If 


I 


Fig.  108. 


Fig.  109. 


Fig.  110. 


the  beams  are  set  close  together,  the  holes  must  be  reamed  and  turned  bolts  must  be  used  in  order  to  get  an  efficient 
connection.  If  the  beams  are  set  with  4-in.  or  more  clearance  between  the  flanges,  the  separator  can  be  riveted  to 
the  beams. 

Specifications  usually  require  that  separators  be  spaced  not  further  than  5  ft.  apart.     They  should  be  placed 
at  points  of  concentrated  loads  and  over  bearings. 

78.  Special  Framing. — The  typical  arrangement  of  joists  and  girders  must  be  modified  to 
meet  special  requirements. 

7Sa.  Stair  Wells. — The  exact  dimensions  and  location  of  the  stair-well  opening 
must  be  determined  from  the  architectural  plan.  Fig.  Ill  illustrates  a  case.  It  shows  a  well 
for  a  double-run  stairway.     It  is  placed  against  an  outside  wall  as  indicated. 


® 


r/ 
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Fig.  111. — Framing  around  stairwell,  chimney,  and  pipe  shaft. 


Beam  (1)  is  placed  off  center  of  the  column  on  this  account.  In  addition  to  the  wall  load  it  gets  a  load  from 
beam  (4)  and  from  the  intermediate  stair  landing  (not  shown). 

Beam  (4)  carries  a  small  area  of  floor  and  also  the  weight  of  the  stairs,  both  up  and  down.  It  must  be  so  de- 
signed and  so  placed  as  to  provide  convenient  connections  for  the  stair  stringers  if  steel  stringers  are  used. 

Beam  (5)  carries  the  reactions  from  beams  (4)  and  (6).  It  may  also  carry  an  enclosing  partition  and  a  part  of 
the  intermediate  stair  landing. 

Beam  (3)  carries  the  reactions  from  beam  (5)  in  addition  to  floor  load,  and  it  may  also  carry  an  enclosing 
partition. 
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78&.  Elevator  Wells. — Fig.  112  shows  a  bank  of  three  elevators  with  provision 
for  a  fourth.  In  this  instance  they  are  placed  against  the  outside  wall.  The  width  of  elevator 
has  been  adjusted  to  suit  the  column  spacing.  The  locations  of  nearby  partitions  and  proposed 
ceiling  treatment  will  influence  the  arrangement  of  the  framing. 

^  ^  No  loads  come  from  the  ele- 

^^  ^  ^-^  ^     vators  at  the  floor  levels,  the  entire 

weight  being  carried  by  the  ovei^ 
head  framing.  There  will  be  loads 
from  the  elevator  enclosure. 

Beams  (35)  provide  lateral  aupport 
for  the  elevator  guides  and  carry  dividinc 
partitions,  if  any. 

In  this  case,  column  36  is  omitted  to 
give  a  clear  lobby.  This  requires  a  heavy 
girder  between  columns  35  and  37.  To 
save  headroom  below,  a  double  girder  is 
used  consisting  of  beams  (37)  and  (38). 
Two  steel  beams  will  be  used.  As  they 
are  not  equally  loaded,  they  must  be 
designed  separately;  however,  both  beams 
may  be  the  same  sise  if  provided  with 
steel  separators  as  indicated.  In  any 
event,  such  separators  should  b«  used  so 
as  to  avoid  unequal  deflection  in  the 
beams. 
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FiQ.  112. — Framing  around  elevator  openings. 
All  other  beams  are  easily  designed  to  meet  the  conditions  indicated 


78c.  Pipe  Shafts,  Etc. — Fig.  Ill  shows  a  pipe  shaft  and  chimney  space.  Both 
are  enclosed  in  fireproof  walls  which  must  be  supported  by  the  floor  framing.  Pipes  or  cables 
in  the  shaft  may  impose  loads  on  certain  floors.  Such  loads  must  be  provided  for  where  they 
occur.  The  chimney  does  not  impose  any  load  on  the  typical  floor  framing.  As  the  chimney 
changes  length  with  variations  of  temperature,  it  must  be  supported  at  one  level  only.  Special 
framing  may  be  provided  for  this  support  at  the  first  or  basement  floor. 

Innumerable  variations  of  the  foregoing  special  situations  will  occur  in  floor  framing.  Each  must  be  treated 
as  a  separate  problem.  The  important  thing  is  to  ascertain  all  the  limiting  conditions.  When  this  it  done,  the 
designing  is  generally  a  simple  operation. 

74.  Framing  for  Flat  Roofs. — The  problems  involved  in  designing  the  steel  framing  for 
flat  roofs  are  essentially  the  same  as  for  floors.  But  there  are  some  additional  conditions. 
Special  loads  on  roof  framing  come  from  elevator  machinery,  tanks,  pent-house  walls,  signs, 
flag  poles  and  kindred  items.  These  having  been  determined  from  the  architectural  require- 
ments, the  roof  framing  is  designed  in  the  same  manner  as  the  floor  framing. 

If  the  top  story  is  to  have  a  finished  ceiling,  it  becomes  a  problem  to  determine  whether  the  framing  shall  be  set 
level  at  the  ceiling  elevations  or  set  on  a  slope  at  the  roof  elevation.  If  future  stories  are  contemplated,  the  framing 
will  be  set  level  at  the  ceiling  elevation,  and  so  arranged  as  to  serve  as  the  future  floor  framing. 

Unless  there  are  special  considerations  indicating  to  the  contrary,  it  is  usually  better  to  place  the  framing  at 
roof  elevation  and  place  the  beams  parallel  to  the  roof  surface  as  nearly  as  practicable.  This  involves  beveled 
connections  for  many  of  the  joists  and  girders,  but  these  are  not  difficult  to  make.  The  ceiling  can  be  suspended 
from  the  roof  framing  or  from  the  roof  slab  or  arches  by  wire  or  rods. 

In  case  an  attic  space  is  provided,  the  ceiling  may  still  be  suspended  if  no  attic  floor  is  to  be  used,  or  an  inde- 
pendent set  of  framing  may  be  provided.     The  latter  will  be  necessary  if  loads  are  to  be  placed  on  the  attic  floor. 

76.  Framing  for  Pitched  Roofs. — The  shape  of  the  roof  surface  and  the  kind  of  covering 
are  usually  determined  as  a  part  of  the  architectural  design.  The  problem  is,  therefore,  to 
provide  framing  to  support  a  roof  whose  shape  and  covering  have  been  determined. 

Certain  roof  coverings  are  attached  directly  to  the  purlins  and  require  no  sheathing — such  are  corrugated  sted 
concrete  tiles,  and  some  earthen  tiles.  Most  other  roof  coverings  require  a  sheathing,  interposed  between  the 
roofing  and  the  framing  (see  chapter  on  "Roof  and  Roof  Coverings"). 

Having  selected  the  kind  of  sheathing,  the  next  step  is  to  determine  the  most  economical  purlin  spacing.  An 
analysis  of  costs  similar  to  that  used  in  the  study  of  floor  joists  (Art.  686)  will  aid  in  determining  the  spacing.    A 
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76a.  Dedgn  of  Hip  and  V«llej  R«fters. — -Where  two  roof  planes  interaect,  they 
form  ft  ridge,  valley,  or  hip.  In  Fig.  113,  a— a'  and  b—b',  are  rid|^,  b— c  is  a  valley,  and  a— d 
is  &  hip.  Tbia  figure  shows  the 
amuiKenient  of  tnines,  rafters, 
and  purlins.  The  trusses  are 
deei|;nBted  by  T,  the  ordinary 
rafters  by  R,  the  hip  raftera  by 
HR  and  the  valley  rafters  by  Vfl. 
The  hip  and  valley  raftbrs 
are  designed  in  the  same  man- 
ner as  ordinary  rafters,  talcing 
into  account  tlie  shape  of  the 
loaded  area. 

Id  thflnueiUditntaeliDFis.  113, 

eatod.  wid  bIki  the  three  r»fter«  which 
ooDTeras  at  iu  kpai.  Truaa  Ti  apuu 
between  tninH  Tt,  ila  top  chord  eerv- 
in(u  theridfe  purlin,  mud  aiipporiiiis 
the  intermediate  rafters.  A  ridge 
porlin  ertenda  from  tnua  Tito  trun 
Tt,  ■upportins  tiie  valley  nJlen  at  b, 
■nd  alw  the  lower  end  of  ■  ifaDTt  rafter  at 

T6.  Saw-tooth  Skylights. — Saw-tooth  roofs  are  used  to  admit  light  through  the  roof  without 
allowing  direct  sunlight  to  come  through.  To  accomplish  this,  the  glass  must  be  to  the  north 
On  the  Northern  Hemisphere).  The  glasa  surface  may  be  either  vertical  or  inclined  slightly 
to  the  soutii  of  the  vertical.  Tlie  max- 
imum inclination  which  can  be  used  and 
still  keep  out  direct  sunlight  at  noon  ,  is 
23  deg.  lees  than  the  latitude  of  the 


The  inclined  surface  admits  more  and  stronger  light,  but  is  more  subject  to  leakage. 


The  vertical  surface  is  generally  preferred.    TTie  a 
be  determined  by  the  tightir^  requirements. 


%  of  glass  surface  to  be  provided  will 

If  the  epaolDS  of  the  supporte  iB  such 
ae  to  permit  the  uu  of  beam  framioB.  the 
alraosament  of  membera  ahown  in  Fi(.  114, 
may  be  used.     The  tie  shown  should  be  a 

For  wider  ipaeinE  of  aupporta,  ti 
used.  The  mait  satiafaotory  form  i 
viaed  by  M.  3.  Keti^hurn  and  show 
115.  Its  important  advantaae  ii 
allows  ample  jutterspaoe,  being  in  tliis  regard 


n  tliBi 
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77.  Monitors. — ^Lighting  and  ventilation  of  mill  buildings  are  often  provided  tiirough  a 
monitor  on  the  roof.  The  monitor  frame  is  mounted  on  the  rafters  or  the  trusses  as  shown  in 
Fig.  116.  It  is  made  up  of  light  angles  as  the  loads  to  be  carried  are  small.  In  the  case  shown, 
the  gravity  loads  are  carried  direct  to  the  main  truss  by  the  vertical  members.  The  diagomd 
members  take  wind  stresses  only.  If  the  monitor  is  wide,  the  top  chord  member  of  its  frame 
mav  need  to  be  trussed. 


FLOOR  AND  ROOF  FRAMING--CONCRETE 

By  W.  J.  Kniqht 

78.  Practical  Considerations. — Competition  in  the  economical  design  of  reinforced  concrete 
structures  has  reached  such  proportions,  that  few  engineers  can  afford  to  neglect  the  practical 
and  economic  features  of  design.  On  every  hand  the  engineer  is  confronted  with  the  problems 
of  economy,  when  serving  his  clients  to  the  best  advantage.  Every  prospective  owner,  with 
few  exceptions,  demands)  the  best  structure  at  the  cheapest  price.  Therefore,  the  economy  of 
arrangement,  or  the  selection  of  a  floor  system  that  will  result  in  giving  the  least  comparative 
cost  consistent  with  strength  for  any  proposed  structure,  cannot  be  over-estimated  in  impor- 
tance. A  thorough  knowledge  of  the  costs  of  materials  and  labor  that  will  be  applicable  to  the 
various  types  of  construction  which  can  be  used,  may  be  termed  vital  considerations  in  the 
design  of  any  structure.  To  design  a  building  of  sufficient  strength,  without  considering  cost, 
is  not  a  difficult  accomplishment,  but  to  produce  an  arrangement  that  will  afford  both  strength 
and  economy  in  combination,  is  decidedly  another  problem.  Theory  by  itself  is  a  deceiving 
form  of  enlightenment  and  cannot  well  be  applied  intelligently  until  the  many  practical  condi- 
tions governing  design  and  application  are  learned  through  experience  and  made  an  integral 
part  of  theoretical  knowledge. 

It  will  often  be  found  expedient  to  make  comparative  estimates  of  a  typical  panel  for  two 
or  more  different  arrangements  to  ascertain  the  relative  cost  of  concrete,  steel  bars  and  centering 

per  square  foot  of  superficial  surface,  and 
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YiQ.  117. 


then  the  most  economical  system,  may  be 
selected  from  these  calculations. 

79.  Slab  Steel  Arrangement — Ordinary 
Type. — The  arrangement  for  slab  steel  can 
be  accomplished  in  several  ways.  Fig. 
117(a)  shows  an  arrangement  consisting  of 
straight  rods  in  the  bottom  and  loose  rods 
in  the  top  over  supporting  members.  This 
arrangement,  though  eliminating  to  a  great 
extent  the  cost  of  bending,  is  objectionable 
on  account  of  the  difficulty  of  placing 
properly  the  loose  rods  in  the  top.  Loose 
rods  of  this  nature  should  be  avoided  what 
possible.  This  method  has  been  employed 
in  a  great  many  buildings,  but  the  actual 
position  occupied  by  the  top  rods  after  the 


concrete  has  been  placed  is  a  question.  Loose  rods  of  this  type  are  often  placed  after  the 
slab  has  been  poured  to  its  full  thickness,  and  the  rods  relied  upon  to  remain  near  the  top 
surface  of  the  wet  concrete.  Laborers  walking  about  engaged  in  screeding  the  concrete  sur- 
face, can  hardly  be  expected  to  avoid  forcing  them  into  the  bottom  of  the  slab. 

Fig.  1 17  (6)  shows  an  arrangement  used  very  often  in  short  and  long  span  slabs.  The  amount 
of  steel  over  the  supports  is  the  same  as  at  the  center  of  the  span.  This  arrangement  requires 
the  bending  of  all  rods  with  the  exception  of  alternate  rods  of  end  spans.  Fig.  117(c)  shows  an- 
other arrangement  that  gives  equal  steel  area  over  supports  and  in  the  center  of  span.  The 
tonnage  to  be  bent  in  this  case  is  less  than  is  required  in  Fig.  117(&)  and  is  just  as  satisfactory. 
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In  veiy  ahort  apana  where  arch  action  ia  conatdered  to  exist,  alternate  rods  only  may  be 
bent  up  into  the  top  of  slab  over  the  supports,  which  afford  only  one-half  the  ateel  area  over 
the  supports  (see  Fig.  Wld). 

To  properly  place  slab  rods  has  always  been  a  very  annoying  question  for  engineers  and 
Buperintendents  to  solve.  Slab  rods  when  only  tied  to  t«mperature  rode  cannot  be  held  per* 
manently  in  position.  The  most  severe  stages  when  disarrangement  takes  place,  occur  before 
and  during  concreting  operations.  Electricians  placing  conduits  and  outlet  boxes,  plumbing 
and  heating  contractors  installing  aleevcB,  etc.,  all  contribute  to  the  disarrangement  of  slab  rods, 
unless  aom.e  device  is  employed  to  permanently  apace  the  rods  and  to  hold  them  up  the  retjuired 
distance  from  the  false-work  when  concrete  is  being  placed.  To  prevent  the  bent-up  portion 
of  slab  rods  from  turning  sidelong  is  another  source  of  difficulty.  The  bent-up  portion  may  be 
held  in  position  by  wiring  the  rods  to  the  under  surface  of  screeds  placed  on  both  sides  of  the 
beam.  Hese  screeds  also  serve  the  purpose  of  formmg  a  gage  by  which  the  specified  thickness 
of  the  slab  ia  maintained  (aee  Fig.  118).  Wires  (a)  of  small  gage  are  employed  to  hold  the  rods 
in  position.  While  the  sur- 
face of  slab  ia  being  leveled 

off,  the  wires  are  detached  as  &--,*    —-v   -j 

the  finishing  off  of  slab  pro-  abb} 

ceeds,  and  this  should  be  ■  ■Ulll  ■  ^J  ^"'  "^^  1^ 
done  in  such  a  manner  as  to  m  \  ^,^^"^ 
avoid  treading  on  the  rods  Sdo  Elevatkn' 

which  have  been  disengaged 

The  specified  thickness  Section 

of   a  floor  slab  cannot  be  p,a,  us. 

maintained  imless  contriv- 
ances similar  to  the  commonly  known  "screeds  "  are  constructed  and  installed  with  depth  equal 
to  the  thickness  of  slab  desired.     Screeds  should  be  installed  prior  to  the  pouring  of  any 
concrete  and  at  such  intervals  as  will  permit  the  "blockmen"  tolevel  the  surface  with  a  straight 
edge  from  one  screed  to  the  other. 

It  is  regrettable  that  more  stress  has  not  been  laid  in  the  past  upon  practical  engineering 
matters  of  this  nature.  Seemingly  a  great  many  engineers  of  the  past  have  contended  them- 
selves in  the  knowledge  of  theoretical  design  to  the  exclusion  of  thinpcs  practical,  laboriously 
applying  formulas,  and  in  many  instances,  intricate  theories,  to  establish  to  a  hair's  thickness 
the  depth  of  a  slab.  It  should  be  realized  that  lax  methods  applied  during  constniction,  dis- 
compose completely  the  intended  accuracy  of  correct  design.  There  is  little  engineering  logic 
displayed  in  applying  formulas  to  derive  the  exact  thickness  of  a  slab,  the  size  of  a  beam,  or  the 
exact  location  and  spacing  for  the  reinforcement,  when  there  is  wanting  a  specific  means  of  ful- 
filling the  intent  and  purpose  of  the  drawings. 

The  Univeraily  of  lUinoia  published  s  very  iplerwlinc  bulletin  in  May,  IBlS.dMcribiOBconciilionB  touiid  In  b 
relDtoiced  ooncrete  building  whirh  waa  removed  to  clear  the  aiu  tor  the  New  PaMenner  Station  in  Chicago.  111. 
The  oricmJ  thiokncn  of  flat  slab  shown  waa  8)^  in.  The  variation  in  thioknesB  over  (he  test  area  ranged  from  7.S 
to  0.8  In.     A  oonmderable  variation  in  thickneaa  wai  found  In  n«rly  all  parla  of  the  t«t  area.     At  the  columni  the 

panel  the  eenters  of  the  lower  layer  ot  diagonal  bara  were  from  1.20  to  2,20  in.  above  the  lower  surlftno  of  the  ilab. 
Tbia  ineideat  ia  cited  to  show  that  aome  form  of  acreed  to  oage  the  BpeeifiDd  thiekzieaa  of  a  alab  ia  indiapenaable  to 
□orreet  application,  and  aome  device  for  aupportiTig  and  apacing:  the  bara  ia  aa  neoeaaary  to  suarantee  food  exoeu- 
tion,  aa  the  fundamental  prindpln  of  theory  are  Indigpenaable  to  sood  dcngn. 

80.  UsrUng  of  B«tit  Rods. — A  great  many  serious  errors  have  been  made  in  the  past  by 
installing  the  wrong  bent  rods  in  beams  and  slabs,  principally  due  to  the  absence  of  some  in- 
destructible form  of  tag  that  should  serve  as  a  means  of  ready  identification  for  each  bent  rod 
used  in  a  structure.  When  rods  are  bent  at  the  rolling  mill  or  at  the  building  site  it  is  most  diffi- 
cult to  identify  them  and  avoid  errors,  unless  painstaking  care  is  exorcised  in  giving  each  bent 
rod  or  bundles  of  identical  bent  rods  a  clear,  indestructible  mark  stamped  on  tags  made  of 
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non-corrosive  metal.  Cloth  tags  have  been  experimented  with  and  found  decidedly  unsatis- 
factory. Marks  on  such  tags  with  the  use  of  ordinary  or  even  indelible  ink  cannot  survive  the 
wear  and  tear  of  shipping  and  handling,  without  becoming  disfigured,  detached  from  the  rods, 
or  illegible  from  the  effects  of  water  and  rust.  It  is  common  practice  for  high-priced  iron 
workers  to  spend  part  of  each  day  searching  for  and  measuring  bent  rods,  endeavoring  to  locate 
the  material  desired.  At  this  time  of  writing,  iron  workers  have  increased  their  wages  to  one 
dollar  per  hour  in  the  central  west,  which  from  a  monetary  standpoint  alone  should  even  fur- 
ther emphasize  the  importance  of  providing  suitable  tags  where  necessary. 

The  enforcement  of  this  essential  requirement  by  engineers  executing  designs  or  superin- 
tending the  erection  of  structures,  is  simply  another  step  forward  in  making  more  practical  the 
application  of  theory  and  giving  added  assurance  that  the  design  will  be  carried  out  with  reason- 
able accuracy. 

The  following  simple  method  has  been  used  with  success  where  employed,  and  consists 
of  stamping  metal  tags  with  numbers  that  designate  each  different  bent  rod,  besides  in- 
dicating by  the  first  figure  of  the  mark  number  the  size  of  the  rod.  To  illustrate:  Reduce 
all  merchantable  bar  sizes  to  fractions  of  eighths,  the  dividend  of  the  fraction  for  each  bar 
size  always  representing  the  first  figure  of  the  mark  number  as  follows: 

Any  bent  rods  found  marked  200.  201,  202,  etc..  will  indicate  at 
onoe  a  yi-in.  rod,  or  marks  700,  701,  702,  etc.,  a  H-in-  rod,  and  so  oa. 
This  system  used  in  connection  with  metal  tags  is  very  simple  and 
effective,  and  when  applied  by  workmen  will  reduce  to  a  minimmn 
the  chance  of  placing  bars  in  the  wrong  location. 


Hin. 

■> 

H  -  Mark  200 

Hin. 

- 

H  -  Mark  300 

Hin. 

B 

S  -  Mark  400 

Hin. 

tm 

^  -  Mark  500 

«in. 

- 

^  -  Mark  600 

Hin. 

— 

H  -  Mark  700 

1  in. 

— 

H  -  Mark  800 

IHin. 

- 

H  -  Mark  000 

IHin. 

- 

^%  -  Mark  1000 

81.  Special  T-Beam  Design. — A  minimum  specified  clearance  or  head  room  will  often 
control  the  depth  of  T-beams  of  long  spans.  An  example  of  long  span  T-beam  constnicton  is 
given  below,  which  illustrates  the  special  provision  made  to  obtain  the  requisite  flange  area  for 
compression.  The  design  of  this  beam  was  one  of  a  large  number  required  to  span  a  theater 
auditorium  in  connection  with  a  large  structure  built  in  1916.  The  floor  supported  by  these 
beams  was  designed  for  a  dancing  pavilion. 

IHastratiye  Problem.— The  beams  are  8  ft.  on  centers  and  span  48  ft.  center  to  center  of  column  suppcnia 
The  maximum  d^th  allowed  was  33  in.  The  live  load  from  the  floor  to  be  supported  by  the  beam  was  aasunted 
at  75  lb.  per  sq.  ft.,  consideration  having  been  given  to  the  additional  safety  factor  afforded  by  the  heavy  dead 
load  of  the  beam,  which  is  about  16  tons.     Assumptions  used  in  the  design,  /•  —  20,000,  /•  ■■  800  and  n  —  IS. 

The  slab  spanning  8  ft.  was  desired  to  support  a  live  load  of  100  lb.  per  sq.  ft.  for  the  reason  that  in  a 
building  of  this  character  the  slab  in  all  probability  will  receive  its  full  live  load  at  intervals,  whereas  the  sup- 
porting beams  will  not. 

trf» 
Slab  Deaion  when  M  *  TT*'"'^  minimum  slab  of  4  in.  and  reinforcement  of  H-in.  rounds  6  in.  c.  to  o.  was 

selected.     In  the  design  of  this  slab  the  supporting  beams  were  also  considered,  to  obtain  cross  reinforcement 
that  would  assist  the  T-aotion  of  the  members. 

Using  a  4-in.  slab  the  theoretical  requirements  would  be: 

Live  load  -  100 

4-in.  slab  dead  load  ■>     50 
H-in-  finish  ■•       6 


Total  -  156  lb.  per  sq.  ft. 
if-"'^Vf'<">-9980to-lb. 

Selecting  a  minimum  slab  of  4  in.  and  d  «  3  in., 

9080  -  X(12)(3)* 
iC  «  03 

Diagram  2.  p.  153  shows  that  the  value  of  X  -  93.  with  /«  -  20,000  requires  a  percentage,  p  -  0.0CMS3.     Then 
the  actual  area  oi  steel  required  per  foot  width  is 

A.  -  (0.0053)  (12)  (3)  -  0.191  sq.  in. 
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To  find  the  unit  streesoB  in  the  steel  and  concrete  assumed  in  the  design:  H-in«  rounds  0  in.  o.  to  o.  ■>  0.221 
sa-  in>  per  12-in.  width. 

0.0061 


'^       (12)  (3) 

Using  Table  2.  p.  150.  p  -  0.0061.  k  -  0.346  and  j  -  0.885. 

Jtf  9080 


'       A^'d        (0.221)  (0.885)  (3) 
(2X0980) 


-  17.000  lb.  per  sq.  in. 


(0.346)  (0.886)  (12)  (3r«  "«»»'.  per  «,.  in. 
Or  referring  to  Diagram  2  when  /C  —  93  and  p  =  0.0061,  the  stress  in  the  concrete  and  steel  will  be  found  to 
agree  with  values  determined  above  tor  /•  and  /«. 


FhUlsbk 


:^-/^S^'M<aSO 


-•(/•i^ 


X^^HJf- 


Crvos  Section  "A- A* 


FiQ.  110. 


tihbnx/k  ff6''c.H}c.aff. 


Considering  the  shortness  of  the  slab  span  and  the  increased  effective  depth  near  the  supports  (Fig.   1 19).  on 
aooount  of  the  depression  for  flange  section,  the  bent  rods  were  arranged  as  shown. 

T'Beam  Dtaiffn: 

Live  load  per  Unear  foot  -  (8)(75)  *-  600 

Dead  load  of  slab  per  linear  foot  -  (8)(50)  -  400 

Dead  load  of  finish  per  Unear  foot  -  (8)(6)  »      48 

Dead  load  of  beam  including  depression  below  slab,  per  linear  foot  "■  (4.34)(150)  —  650 


Total  -  1698  lb.  per  lin.  ft. 

h'  -  16  in.         (<  -  29  in.  (Fig.  116) 
(1898)(24)         ,--,. 

'  ■  (i6)(«)"(29)  -  '°°  "••  •*'  ""•  "•■ 

Twelve  1-in.  squares  used  in  the  design  give  a  section  of  12  sq.  in. 

"  -  (6^  -  »•«"« 
In  the  design  of  this  member  where  the  depth  is  small  in  proportion  to  span  length,  it  was  considered  of  prime 
importance  to  obtain  a  rigid  construction  and  not  rely  on  the  4-in.  slab  flange  to  resist  any  part  of  the  compressive 

t        12 
stress.     Therefore,  a  flange  thickness  of  12  in.  was  chosen  and  a  flange  width  of  b  ■■  54  in.    'T  ~  OQ  ~  OAIA. 

Diagram  6,  p.  166,  shows  the  neutral  axis  is  in  the  flange  when  p  "^  0.0076  and  -j  ■>  0.414.     Hence,  Case  I  applies. 
Table  2,  p.  150,  gives  the  following  values  of  k  and  i  for  p  «  0.0076: 

k  -  0.376    i  -  0.875 
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Referring  to  Table  3,  it  ib  found  that  these  values  give  about  equal  strength  for  the  steel  and  concrete,  or  aolving  for 

/•  and  /•: 

,  M  5.808.300  ,o-nn,. 

^'  ■  a55  "  (l2K0:875)  (29)  "  ^®'^  ***•  ^'  «'•  "*" 

/  »  ^'P  -  (2)  (10.300)  (0.0076) 

/.  -  -^  -  Q^3^g 780  lb.  per  sq.  in. 

or 

-        M       6,868^300        ,„  . 

^  "  Wi  "   (W)C29)«   "  ^^•'* 

When  K  —  129.2  and  p  -•  0.0076,  the  above  values  for  /«  and  /•  may  be  checked  by  Diagram  2,  p.  153.     Points 

at  which  bends  in  rods  may  be  made  can  be  readily  obtained  from  Diagram  8.     At  the  worst  section,  6  out  of  th« 

12  rods  are  bent,  or  42%  of  the  total  at  a  point  2  ft.  10  in.  from  the  center  of  each  support.     Diagram  8  shorn 

when  M  «  -^,  42  %  may  be  bent  up  at  0. 172  or  8  ft.  2  in.  from  center  of  support.    Further  investigation  in  this 

respect  is  unnecessary. 

Bond  stress  in  straight  rods  with  hooked  ends:  The  perimeters  of  seven  1-in.  squares  ■■  (7) (4)  ■>  28  in. 

V  40  750 

"  -  ZoHd  ■  (28KkK29)  -  "  "»•  ^'  «••  *"• 
Theoreticallyt  hooks  were  unnecessary,  but  the  idea  of  securing  the  greatest  rigidity  for  the  structure  dictated  the 
use  of  hooks  for  the  ends  of  all  bent  and  straight  rods.     The  locality  in  which  this  structure  was  erected  is  subject 
to  periodical  storms  and  wind  of  great  velocity,  hence  judgment  was  exercised  in  anchoring  the  structural  parts 
wherever  it  was  deemed  advisable. 

Provision  for  shearing  stresses:  The  unit  shearing  stress  has  been  determined  above,     t  ■>  100.     Shearing  value 

assumed  for  concrete  «i  ■>  40. 

(100-40)48^ 
**  (2)  (ICO)       -"■*'*• 

In  Fig.  119  it  will  be  noted  that  the  bent  rods  wore  so  arranged  that  the  diagonal  tension  at  the  ends  could  be  taken 
principally  by  these  rods,  but  regardless  of  this  fact  H-in«  round  stirrups  were  introduced  extending  from  end  to 
end  of  the  beam  as  shown.  Referring  to  diagram  Fig.  119,  the  total  stress  in  the  two  bent  1-in.  square  rods,  mark 
850,  is 

The  unit  stress  in  bent  rods,  Mark  850,  is 

^1^  -  8550  lb.  per  sq.  in. 

The  total  stress  in  the  two  1-in.  squares,  Mark  851,  is 

V_^L_^, S-  13.970  lb 

The  unit  stress  in  bent  rods,  Mark  851,    is 

13.070       ^--^ ,. 

'      ■  -  6980  lb.  per  sq.  in. 

The  stress  in  the  one  1-in.  square  rod,  Mark  852,  found  in  a  similar  manner,  is  11,4001b.  per  sq.  in. 

All  beams  (71  were  cambered  IK  iQ>  at  the  center,  to  avoid  the  delusive  appearance  of  a  straight  beam  soffit  of 
this  span. 

The  effective  depth  of  these  beams  is  about  one-twentieth  of  the  span  length,  and  although  this  proportion  of 
depth  to  span  is  somewhat  unusual,  little  or  no  deflection  was  noted  after  the  removal  of  supports.  Swiss  deflectom- 
eters  were  employed  to  detect  any  deflection,  with  the  result  that  no  movement  was  recorded.  All  steel  bars  used 
in  the  design  were  hard  grade  with  a  minimum  elastic  limit  of  50,000  and  a  minimum  ultimate  strength  of  75,000 
lb.  per  sq.  in.     Minimum  elongation  in  8  in.,  10%. 

82.  Long  Span  Rectangular  Beams. — The  example  of  long  span  rectangular  beam  design 
given  below  was  used  in  connection  with  the  same  structure  as  the  long  span  T-beams  described 
in  the  preceding  article.  The  purpose  of  these  beams  (Fig.  120)  is  to  support  a  passage  for 
pedestrians  over  a  thoroughfare  below. 

Illustrative  Problem. — The  depth  of  those  beams  was  restricted  to  a  total  depth  equal  to  one-tenth  of  the  spaa 
length,  and  the  width  b  proportioned  accordingly. 

/•  -  20,000,  /«  -  800  and  n  -  15.     Width  6  assumed  -  18  in. 
Dead  load  passage  -  (75)(0)(68)  -    30.600 

live  load  passage  -  (50)(6)(68)  -    20.400 

Dead  load  beam    -  (1.5)(7)(150)(G8)    -107,100 


Total -   158.100 

M  -  (158.100)(70)(12)  ^  j^^^ ^  ^_^^ 

o 
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The  dnlCDirufint  tried  out  Maumincbal&DcinfTaluearor /.and /»     From  Tnbls  3,  p.  IJSO,  vban  /,  -  20,000. /• 
-  SOO.  and  n  -  IS. 

k  -  a37S,  I  -  aS7fi,  p  -  0.0O7S,  and  K  -  I31.2S 
M  -  KM<  -  (131.3S)(18)(80)>  -  15,120,000  in.-lb. 
Thia  i*  ]<<•■  than  the  moineat  nquimd.     It  ia  d<air«d  to  rotaln  the  width  b  -  ISin.     Thsslsd  ban  uaed,  or  ten  I-in. 
BDd  two  IH-in-  aquana  have  a  Motional  arw  equal  to  I2,B3  eq.  in.     Theo 

'-(iSis -"■■"' 

The  iteel  in  oompn^ou  muat  take  (3aot.  2,  Art.  37a) 

Ui  -  le.eoo.ooo  -  iA,i2a.coo  -  i.iso.ooo 
"  -  aQ.ooo(!'^2Znio(tio,-  -  °'^'^ 

p  -  aOOTS  +  O.OOOM  -  O.OOSIO  or 
A,  -  <a.008ie}(18|(SO)  -  11.7G  aq.  In. 

'■-«"«»iife?s -■"»■■•" 

A'  -  (0.001IS)(18)(SO)  -  l.TOaq.  in. 


Compariaa  th«  value*  [ound  lor  A.  and  A'  with  the  valun  uied  in  the  dealtn  It  will  be  noted  that  the  aactianal 

or  4  iq.  in.  eiceeda  the  eomputed  area.  Compreeaian  eterl  was  added  to  (rive  a  stifFer  membrr.  The  section  of 
membn-  Pig.  120  ahowa  the  arransement  of  atirrupe  employed  to  anehor  the  eomprngiaa  rods  into  the  body  of  the 
beam. 

The  aheacinK  itrns  ia  equal  to 

•-xmZm -""'■'" ->■<'■ 

AfUr  obaovins  the  arnnieinent  of  bent  roda  and  eUrtupe  in  elevation,  Fii.  120,  it  ii  evident  that  laiitanoe  to 
diaf onal  tenalon  is  amply  provided  for. 

The  total  atme  Uken  by  two  bent  1-in.  aquare  roda,  Mack  SOI,  ia 

^  ■  -^— ; i,4??  - 10.000  lb. 

The  unit  Bti-ea  in  bent  rode,  Mulf  HOI,  ia 

lO.OCO       „„  ,h 
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To  investigate  the  reeistance  of  the  other  bent  rods  is  unnecessary.  H-in.  square  stirrups  were  used  aa  shown,  to 
mechanically  tie  together  all  parts  of  the  member.  Theoretically  the  stirrups  used  were  not  required^  but  from  a 
practical  view  point  the  member  may  be  considered  a  stronger  unit. 

The  shearing  stress  v  being  only  63  lb.,  the  bond  stress  in  the  bottom  rods  at  the  supports  should  be  oompArsr 
tively  small.    The  sum  of  the  perimeters  of  four  1-in.  and  two  lyi-in.  square  rods  is  equal  to  25  in. 

"- 725K778n80J  -*'•'••'*"«'•  •"■ 
The  slab  connecting  the  two  beams  was  designed  for  a  live  load  of  100  lb.  per  sq.  ft. 

Live  load  -  100 

Dead  load,  6-in.  slab  ■>    75 

Dead  load,  H-in.  finish  ->      6 

181  lb.  per  sq.ft. 
Dead  and  live  load  per  linear  foot  of  slab  is 

(12)(181)  -  2172  lb. 
M  -  (2172)(12.fi)(12)  _  ^^^  ^  .j^ 

Referring  to  Table  9,  p.  161,  when  /•  ■-  20,000,  /«  -  800  and  n  «>  15,  a  d-in.  slab  with  M-in«  square  bars  6  in.  e.  to 
0.  is  required,  when  M  «  40,725  in.-lb.  The  bars  have  hooked  ends  extending  into  the  beams.  To  Insure  further 
rigidity,  three  intermediate  cross  beams  12  X  18  in.  dividing  the  span  into  four  equal  parts  were  employed  as  ahowa 
in  Pig.  120.     The  soffits  of  beams  G4  were  cambered  IH  ^ 

83.  HoUow-tile  Construction. — HoUow-tile  construction  is  extensively  used  in  light  buildings 
such  as  hotels,  office  buildings  and  appartments,  and  has  to  a  great  extent  superseded  the  one 
way  solid  slab  construction  for  spans  over  12  or  14  ft.  Comparative  estimates  with  other 
forms  of  solid  slab  construction  will  demonstrate  the  economy  of  this  arrangement  for  floors. 
The  economy  is  not  only  found  in  the  cost  of  the  floor  alone,  but  also  in  the  reduction  in  the 
structural  sizes  of  all  the  supporting  members  including  beams,  columns,  and  footings,  by 
reason  of  the  dead  weight,  which  is  much  less  than  for  solid  slabs  designed  for  equivalent 
strength.  Tile  may  also  be  obtained  which  make  possible  a  two-way  reinforced  panel  with 
supporting  beams  along  the  four  sides.  Although  the  function  of  the  tile  is  only  to  create  a 
void  in  the  concrete,  considerable  strength  is  added  to  the  ultimate  capacity  of  such  panels. 
Tests  of  combination  hoIJow  tile  and  concrete  floors  have  given  surprising  results  in  stiffness 
and  strength. 

Tile  produced  by  the  different  manufacturers  will  give  a  large  variation  in  results  when 
subjected  to  intense  heat  in  kilns  prepared  for  test  purposes.  Tests  show  that  some  tile  will 
not  melt  at  3000  deg.  F.,  whereas  the  product  of  other  manufacturers  will  disintegrate  almost  to 
a  cinder  under  this  temperature.  The  resistance  to  heat  that  tUe  will  offer  in  a  floor  panel  is 
not  so  satisfactory  as  when  heated  uniformly  over  all  surfaces.  The  lower  soffit  of  the  tile 
exposed  to  the  heat,  in  many  cases  has  been  known  to  fall  out,  and  no  doubt  this  is  due  to  the 
expansion  of  heated  surface,  while  the  other  portion  of  the  tile  protected  from  the  heat  remains 
nearly  at  normal  temperature.  The  result  of  this  condition  will  cause  the  exposed  face  to 
shear  away  from  the  vertical  ribs. 

The  tile  should  be  thoroughly  wetted  just  before  concreting  operations  are  begun.  Dry 
tile  readily  absorbs  moisture  from  the  concrete  and  for  this  reason  are  most  objectionable. 
A  thorough  sprinkling  of  the  tUe  should  be  insisted  upon,  especially  in  dry,  hot  weather.  When 
the  tile  are  placed  in  position  on  the  falsework,  intervals  between  the  ends  of  tile  should  be 
avoided,  to  prevent  loss  of  the  concrete  and  the  added  dead  weight.  The  ends  of  the  tile  at 
beam  flanges  should  be  closed  with  cardboard,  plaster  of  Paris  or  by  other  satisfactory  means. 

The  accompanying  table  gives  the  sizes  and  weights  of  commercial  tile  together  with  the 
cubic  feet  of  concrete  and  the  combined  weight  of  tile  and  concrete  per  square  foot  of  floor 
surface  when  the  rib  widths  and  thicknesses  of  top  are  as  indicated.  Particular  care  should 
be  exercised  when  pouring  the  concrete  ribs  between  4,  5  and  6-in.  tile.  On  account  of  the 
light  weight  of  these  sizes  the  concrete  should  be  placed  simultaneously  in  each  rib,  otherwise 
the  tile  will  be  forced  toward  the  side  where  the  least  pressure  is  exerted.  Poor  alignment  of 
tile,  and  the  consequent  reduction  of  rib  width  specified  often  occurs  during  construction  by 
neglecting  to  heed  this  precaution.  The  loss  of  tile  on  account  of  breakage  due  to  shipping, 
hauling  and  handling  ranges  from  2  to  5%. 


STRUCTURAL  DATA 
Hollow  Tilk  and  Concbete  Fi/oosa 


m. 

f! 

1,^ 

1. 5 

II 

i,    5, 

^     1 

|l 

!  i  !  i  f, 

^  i  i  i  ^i 

(in«h«) 

1 

J 

i 

J 

i 

i 

1 

1 

J 

1 

^ 

j 

1 

i 

J 

i  1 

11 

i 

4X12X12 
SX12X12 
8X12X12 

7X12X12 
8X12X12 

10X12X12 
12X12X12 

18 

2-, 

36 
40 

B.21 

0.23 

0.21 

Q.33 
0.38 

13 
72 

re 

M 

0 

S 

31 
33 

38 
12 

50 
56 

B7 
70 

BI 

0.28 
D.28 

0,33 
0.3a 
0,37 

0.44 

67 

74 

80 

BS 

M 

34 
38 

48 

57 
76 

0 
0 
0 

0 
0 
D 
0 

27 

30 

3( 

43 

48 

G2 
S9 

72 
78 
83 
88 
>9 

I 

0 
0 

a 

0 

31 

3C 
80 

MO 

70  C 

901: 
102  0 

29  56 
3182 

35  73 
38  70 

42  80 
46  m 

0 

D 
0 

t 

0 

i 

30 
48 

75 
81 

90 

0 

1 

31 
3( 

45 

60 

S7  0 

78  C 

930 
103  0 

30 
47 

NO  32 

78  0.4O 
90  0.48 

-- 

71 

8fi 
91 

9C 

igk/tAlZ'Me 


•D. — Fit.  121  nprtaant.  ■  typical  puwi  iD  b  building,  to  b«  daicDHi 
tt.  with  lupportiog  boun.  ulendinc  oontinuoug  In  ooe  dimjtion  brtvi 
/,  -  18,000,  /.  -  AGO  and  n  -  IS.  Mkiimum  t  -  110  lb.  >,  -  40. 
b  wiD  b«  deaicned  lor  the  followiuc  load,  in  pound,  per  viu.Te  foot: 


lor  oombiDBtloD  bollow 
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Ono-way  SyBtem 


Safs  Supboimpobbd  Loads  in   Pounds  pbb  Sq.  Ff .  vob 

Unit  Steel  Streoi  -  16.000  Ih 


M  - 


WL 


12 
n  -  15 


4"  X  12"  X  12"  TUe.  4"  Ribs.  16"c.,  2"  Top 


6"  X  12"  X  12"  Tile,  4"  Ribs.  lfl"c.,  2"  Top 


Weight  Fl.  per  sq.  ft.  -  50 # 


Weight  Fl.  per  sq.  ft.  -  60* 


Concrete  per  sq.  ft. 
0.25  cu.  ft. 


Tile  per  sq.  ft. 
0.75-4"  Tile 


Concrete  per  sq.  ft. 
0.292  cu.  ft. 


Tile  per  sq.  ft. 
0.75  -6"  Tile 


Values  ib 
f 


.00276 

.249 

.918 


.00351 

.276 

.908 


.00491 

.3172 

,8943 


,00625 
.349 

.884 


00767 

378 

874 


.0025 

.235 

.921 


.00351 

,274 

,909 


.0045 

.305 

.90 


.00548 

.334 

.893 


00607 
372 

887 


Reinforcement 
each  rib 


% 

3 

QQ 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 
28 


29 


2-H'V 


30 


Resisting 

moment,  in. -lb. 

(M.) 


71 


51 


34 


•  4 

22 


2-?^"# 


ft6 

103 


2-H'V 


2-H"# 


2-«'V 


2-«"# 


2-H'V 


a-H"# 


2-fi'V 


2-^"# 


76 


TS 

161 


124 


56 


41 


28 


96 


^60 

74 


,56 

67 


44 


32 


,100 

215 


169 


84 

134 


7T 

107 


Tl 

85 


68 


53 


•  ftS 

42 


32 


'272 


216 


109 

174 


•  4 

140 


8S 

'll4 


•  sa 

93 


76 


61 


49 


39 


Typical  Dstall 


66 

157 


119 

^4T 
91 

^4S 

68 

51 

•  •• 

37 

240 


71 

189 


66 

148 


00 

118 


■  6 

'93 


73 


57 


43 


32 


When  value  of  "  Jb"  is  less  than  ^,  Case  I  applies. 
When  value  of  "Jb"  is  greater  than  0.3786,  M.  controls. 


When  value  of  "Jb"  is  less  than  0.3786,  M«  controls. 
"Indicates  neutral  axis  in  the  flange. 


100 

318 


252 


202 


163 


71 

133 


108 


6a 
88 


*s 

70 


57 


6a 
44 


las 
400 


111 
320 


^10. 

260 


212 


88 

175 


145 


76 
110 


7a 
90 


•  8 

82 


64 

67 


•  1 
55 


68 

44 


284 


237 


104 

109 


•  8 

167 


•a 
142 


ST 

119 


sa 
101 


TB 

85 


74 

72 


Tl 

60 


•s 
50 


•s 
40 


Note:  This  table  is  based  on  JIf  -  -r^.     Top  steel  over  support  for  negative  'Af,"  same  area 

Aa  as  f(»  positive  at  center  of  span,  top  steel  over  supports  extending  >^  or  H  of  span  length. 
For  end  spans,  when  Af  -  -^^ ,  use  H  of  the  combined  superimposed  load  and  dead  weight  of  floor 


10 


given. 


WL 


For  simple  spans,  when  Af  «  -^-,  use  i^  of  the  combined  table  values  as  for  end  spans. 


V  . 


The  unit  shear  »  -  p/  rj  is  given  for  each  load  value  in  small  type. 


16,230 


20,410 


28.120 


35.360 


42,930 


28,980 


40.010 


50.400 


61.370 


77.500 
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Combination  Tilb  and  Concubtb  FiiOOBB. 

Unit  Concrete  Strew  «  650  lb.                                       Continuous  Spans 

8"X  12"X  12"  TUe.4"RibB.  16"o..2"Top 

10"  X  12"  X  12"  Tile,  4"  Ribs.  16"c.. 
2"  Top 

12"X12"X12"Tae,4"RibB,  16c.. 
2"  Top 

Weight  Fl 

Concrete 
0.33^ 

.  per.  sq.  ft.  «  70 

1   Weight  Fl.  per  sq  ft.  «  81^ 

Weight  Fl.  per.  sq.  ft.  91  # 

1  per  Bq.  ft.  Tile  per  sq.  ft. 
I  cu.  ft.      0.75-8"  TUe 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.375  cu.  ft.       0.75-40" 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.417  cu.  ft.     0.75-12^' 

.00273 

.250 

.920 

.00347 

.280 

.914 

.00426 

.310 

.910 

.00542 

.350 

.906 

.00614 

.372 

.005 

.00284 

.264 

.925 

.00348 

.294 

.922 

.00443 

.334 

.920 

.00502 

.358 

.920 

.0057 

.381 

.919 

.00295 

.283 

.933 

.00375 

.324 

.931 

.00425 

.348 

.930 

.00483 

.372 

.930 

2-H"0 

2-H"*  2-H'V  2-H"#  2.K'V  2-H"#  2.H'V  2-H"#  2-^"* 

1-H"0 

2-H'V 

2-H"# 

2-«'> 

l-^"0 

78 

320 

loe 
424 

188 

523 

100 

529 

199 

665 

199 

801 

Tl 

255 

•  1 
338 

111 

428 

•  1 
424 

111 
536 

V 

119 

647 

•ft 

201 

as 
273 

109 

349 

as 

343 

108 

437 

109 

529 

•0 

161 

T7 

222 

•  4 

286 

77 

280 

•  4 

361 

190 

480 

•  4 

438 

190 

580 

»• 

129 

71 

182 

88 

237 

111 
320 

71 

231 

88 

300 

111 
403 

88 

365 

119 

488 

6a 

103 

•  7 

149 

81 

198 

104 

269 

•  7 

190 

81 

250 

104 

340 

118 

396 

89 

305 

104 

413 

49 

82 

•  8 

123 

77 

165 

•  8 

228 

110 

267 

•  9 

158 

77 

211 

•  7 

289 

110 

338 

77 

258 

•  8 

352 

110 

410 

4« 

65 

101 

79 

130 

•  1 
194 

104 

230 

58 

130 

79 

178 

•  9 

247 

104 

290 

79 

218 

•  9 

301 

104 

353 

118 

413 

48 

50 

fift 
82 

•  8 

116 

87 

165 

•  8 

197 

56 

107 

•  8 

149 

87 
211 

08 

250 

110 

290 

•  8 

184 

87  - 

259 

08 

305 

119 

359 

41 

38 

69 

66 

•  6 

97 

89 

141 

•  8 

169 

59 

88 

•  4 

126 

89 

181 

•  8 

216 

104 

251 

•4 

156 

88 

223 

88 

264 

100 

312 

50 

53 

•  1 

81 

78 

120 

88 

146 

50 

71 

•1 
106 

78 

156 

88 

188 

08 

219 

•  1 
132 

78 

192 

88 

229 

100 

273 

47 

42 

88 

66 

74 

103 

84 

126 

47 

57 

58 

88 

74 

134 

84 

162 

•4 

191 

58 

111 

74 

166 

84 

200 

06 

239 

60 

55 

71 

87 

80 

108 

45 

45 

50 

73 

71 

115 

80 

141 

•  0 

167 

50 

93 

71 

143 

80 

174 

01 

210 

58 

44 

•8 

74 

77 

93 

48 

34 

58 

60 

•  8 

98 

77 
121 

88 

146 

68 

78 

•  8 

123 

77 
151 

87 

184 

61 

34 

•  6 

63 

78 

80 

51 

48 

•  6 

83 

74 
106 

89 

127 

61 

64 

•  5 

106 

78 

132 

88 

162 

•  9 

52 

70 

68 

48 

38 

•  9 

70 

70 

91 

78 
111 

48 
51 

•  9 

90 

70 
114 

80 

142 

58 

42 

•  7 

58 

•  0 

59 

•  8 

78 

78 

97 

47 
41 

50 

76 

•  8 

99 

77 

124 

06 

48 

68 

49 

05 

66 

78 

83 

46 

31 

68 

65 

•  6 

84 

74 
100 

•  8 

40 

80 

40 

•  8 

55 

70 

72 

60 

54 

•  8 

72 

79 

95 

•  1 
47 

•  8 

61 

54 

44 

•  1 
61 

•  8 

82 

68 

38 

80 

52 

59 

35 

60 

51 

•  7 

71 

52.060 

65310 

80,400 

101,800 

116;200 

81.400 

99.570 

126,460 

143,140 

160.100 

119,080 

151,240 

171,000 

194,270 
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Safb  SupBBDiPoeBD  Loads 
One-way  Sj^tem 

IM    POUNDB  PKB  Ek).    Ft.  POB 

Unit  Steei  Stress  -  18.000  lb. 

^"12 
n  •*  15 

4"  X  12"  X  12"  Tile,  4"  Ribs,  16"  c,  2"  Top 

6"  X  12"  X  12* 

'  Tile.  4" 

Ribs,  16" 

c.  2"  Top 

Weight  FI.  per  sq.  ft.  -  50# 

Weight  FI.  per  sq. 

ft.  "  60/ 

Concrete  per  sq.  ft.         Tile  per  sq.  ft. 
0.25  cu.  ft.                     0.75  cu.  ft. 

Concrete  per  sq.  ft. 
0.292  ou.  ft. 

Tilejpersq^ft. 

Values)? 

i 

.00276 

.249 

.918 

.00351 

.276 

.908 

.00491 

.3172 

.8943 

.00625 

.349 

.884 

.00767 

.378 

.874 

.0025 

.235 

.921 

.00351 

.274 

.909 

.0045 

.305 

.900 

.00548 

.334 

.893 

.00607 
.372 

.887 

Reinforoement 
each  rib 

2-K'V 

2-H"* 

2-W"* 

2-H"# 

2-H"^ 

2-H"^ 

2-M"0 

2->i"# 

2-«"* 

2-H"* 

1 

.9 

1 

OQ 

10 

•  *• 

87 

122 

187 

184 

288 

iia 
365 

11 

4S 

62 

92 

146 

,101 

197 

142 

219 

109 

291 

12 

45 

70 

115 

157 

202 

110 

174 

94 

235 

lis 

300 

13 

'l\ 

52 

•  •• 
90 

•   •• 

126 

,IOS 

164 

73 

•   •• 

140 

St 

191 

ISO 

246 

14 

38 

72 

102 

134 

64 

112 

80 

157 

SO 

204 

15 

27 

55 

82 

111 

48 

89 

76 

129 

•  9 

170 

IIT 

231 

16 

43 

67 

92 

35 

71 

70 

106 

80 

142 

lis 
196 

17 

,69 

32 

54 

75 

56 

•  6 

87 

81 

119 

iss 

166 

18 

•  •• 

43 

61 

44 

69 
71 

77 

99 

ss 
143 

19 

33 

50 

34 

69 

57 

79 

83 

S9 

121 

20 

60 

46 

OS 

69 

ST 

103 

21 

68 

36 

OS 

57 

S4 

88 

22 

% 

l^.lt         U-».is^ 

T 

09 

46 

7S 

75 

m 

T 

23 

60 

38 

70 

63 

24 

TjrpiealDvtan 

TS 

53 

25 

When  value  of  "ik"  is  less  than  J,  Case  I  applies. 
When  value  of  "ib"  is  greater  than  0.3846,  Me  controls. 

TO 

44 

26 

When  value  of  "k"  is  less  than  0.3846,  M,  controls. 
'Indicates  neutral  axis  in  the  flange. 

OT 

37 

27 

Note:  This  table  is  based  on  M  ^  rro"*     "^^P  ''^^^^  ^^^  support 
for  negative  "  Af "  same  area  A*  as  for  positive  at  center  of  span, 

28 

top  steel  over  supports  extending  ^i  or  H  of  span  length. 
For  end  spans,  when  Af  a-r^,  use  H  of  the  combined  superimposed 

29 

load  and  dead  wt.  of  floor  given. 

WL 
For  simple  spans,  when  M  "  — ^,  use  H  of  the  combined  table  val 

8 

ues  as  for 

end  spani 

1. 

30 

V 
The  unit  shear  «  «  rj^  is  given  for  each  load  value  in  small  type. 

Resisting 
moment,  in.-lb 

18,180 

22,940 

31,620 

39,780 

48,300 

1 

32,600 

1 

45,030 

56,650 

69,010 

87,280 
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Combination  Tilb  and  Concbbtb  Floobs 

Unit  Conerete  Street  -  760  lb.                                    Continuoua  Spans 

8"  X  12"  X  12"  TUe.  4"  Ribs,  16"  o. 

2"  Top 

10"  X  12"  X  12"Tile.4"Bib«,16"c 
2"  Top 

,  12"  X  12"  X  12"  Tile,  4"  Rbe. 
le*  c.,  2"  Top 

Weight  Fl.  per  aq.  ft.  -  70#j 

1    Weight  FI.  per  Bq.  ft.  -  81# 

1  Weight  Fl.  per.  sq.  ft.  -  91# 

Oonorete  per  aq.  ft.  Tile  per  so.  ft. 
0.334  cu.  ft.       0.75-8^ 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.375  cu.  ft.      0.75- ICr' 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.417  cu.  ft.    0.75-12'^ 

.00273 

.250 

.920 

.00347 

.280 

.914 

.00426 

.310 

.910 

.00542 

.350 

.906 

.00614 

.372 

.906 

.00284 

.264 

.025 

.00348 

.264 

.922 

.00443 

.334 

.920 

.00502 

.358 

.920 

t  .0057 
.381 
.919 

.00295 

.283 

.933 

.00375 

.324 

.931 

.00425 

.348 

.930 

.00483 

.372 

.930 

2-H"0 

2-H"# 

2-H"0 

2-H"# 

2-«"5fr 

2-H"#  2-H"0  2'H"i 

2-H'V 

l-^"« 
1-K"# 

2-«'V 

2-«"* 

2-H'V 

i:^.-: 

88 

370 

119 

485 

119 

606 

88 

293 

188 

388 

189 

487 

74 

235 

84 

315 

116 

401 

84 

395 

116 

502 

88 

190 

88 

258 

188 

331 

86 

325 

186 

416 

188 

504 

84 

154 

80 

214 

88 

277 

80 

269 

88 

347 

88 

422 

58 

125 

76 

177 

89 

232 

117 

312 

76 

224 

89 

293 

117 

393 

89 

355 

66 
101 

78 

147 

86 

195 

110 

267 

70 

188 

86 

247 

110 

336 

88 

301 

110 

408 

59 

82 

88 

123 

81 

165 

184 

228 

117 

266 

88 

157 

81 

209 

104 

288 

117 

337 

81 

256 

108 

350 

48 

66 

89 
101 

78 

139 

07 

196 

111 
230 

89 
131 

77 

178 

87 

248 

118 

292 

78 

220 

87 

303 

110 

354 

47 

51 

68 

84 

79 
117 

88 

169 

106 

200 

68 
109 

78 

152 

89 

215 

104 

254 

110 

208 

79 

187 

88 

263 

106 

309 

44 

39 

68 

69 

88 

99 

88 

145 

88 

173 

68 

90 

80 

129 

87 

185 

88 

221 

lis 
262 

88 

160 

87 

228 

88 

269 

118 

318 

68 

55 

68 

84 

84 

125 

86 

150 

68 

74 

86 

109 

84 

161 

84 

193 

187 

229 

88 

137 

88 

199 

84 

237 

107 

280 

61 

45 

88 

70 

80 

107 

80 

131 

61 

61 

69 

93 

78 

140 

80 

168 

108 

202 

89 
116 

88 

172 

80 

207 

109 

247 

48 

35 

60 

58 

77 

93 

88 

114 

48 

49 

68 

77 

78 

122 

88 

148 

88 

178 

68 

99 

78 

150 

88 

182 

88 

219 

68 

47 

78 

79 

88  , 

98 

47 

39 

67 

65 

78 

104 

88 

128 

84 

157 

67 

83 

78 
130 

88 

159 

84 

193 

86 

39 

70 

68 

70 

85 

66 

54 

78 

90 

70 

112 

80 

138 

88 

69 

70 

112 

78 

139 

88 

172 

87 

57 

77 

73 

68 

43 

87 

77 

78 

97 

87 
121 

68 

58 

87 

98 

78 

122 

88 

151 

.86 

48 

76 

64 

61 

34 

68 

66 

78 

85 

•• 

107 

61 

48 

86 

84 

74 

107 

84 

134 

, 

88 

40 

71 

54 

89 

55 

71 

73 

80 

94 

48 

37 

88 

72 

71 

93 

80 

118 

• 

88 

32 

88 

45 

88 

46 

88 

63 

78 

82 

80 

61 

88 

80 

77 

103 

88 

38 

68 

38 

88 

63 

78 

71 

68 

51 

88 

60 

76 
91 

58^70 

74,030 

« 

90,450 

114.020 

129.600 

\ 

91,670 

112.010 

142.260 

161.030 

182,740 

133.960 

170.140 

192.370 

218.560 
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Safb  Supsbimposbd  Loadb  in  Pounds  psh  8q.  Ft.,  fos 
One-way  System*                                                                                                Unit  Steel  Streoa  —  3O,OO0 lb. 

AT-  ^^ 
^"    12 

n  -  15 

4"  X  12"  X  12"  Tile,  4"  Ribs,  16"c.,  2"  Top 

6"  X  12"  X  12"  TUe.  4"  Ribs,    16"c..  2"  Tep 

Weight  Fl.  per  aq.  ft.  »  50# 

Weight  Fl.  per  sq.  ft.  -  60# 

Concrete  per  sq.  ft.     Tile  per  sg.  ft. 
0.26ft.                0.75-4'Tile 

Concrete  per  sq.  ft.         Tile  per  aq. 
0.292  cu.  ft.                     0.76-6'* 

ft. 

Values  S 

.00276 

.249 

.918 

.00351 

.276 

.908 

.00491 

.3172 

.8943 

.00625 

.349 

.884 

.00767 

.378 

.874 

.0025 

.235 

.921 

.00351 

.274 

.909 

.0045 

.305 

.900 

.00548 

.334 

.893 

.00607 
.37  J 
.887 

Reinforcement 
each  rib 

2-H'V 

2-H"i 

2-H'V 

2-H"# 

2-H'V 

2-H"# 

2-H'V 

2.H"# 

a-H"* 

z-H"^ 

1 

QQ 

10 

102 

•    TO 

141 

213 

,    70 

211 

,    08 

315 

• 

11 

,50 

76 

108 

*   •• 

168 

224 

•   •* 

164 

250 

,118 

330 

12 

55 

•   •• 

83 

133 

,106 

180 

129 

89 

200 

,104 

268 

13 

'Vo 

63 

106 

•  •• 

146 

184 

,84 

99 

TO 

162 

•  6 

219 

280 

14 

48 

85 

119 

,108 

152 

,60 

78 

TO 

131 

•  ** 

181 

,10S 

233 

15 

35 

•  •• 

07 

•  8 

97 

,101 

126 

,46 

60 

,    88 

106 

,    88 

150 

195 

16 

53 

80 

104 

,48 

46 

,    61 

86 

,    78 

124 

164 

224 

17 

41 

65 

•i; 

,41 

34 

69 

78 

103 

•0 

139 

114 

191 

18 

,70 

53 

•?5 

• 

56 

60 

86 

80 

117 

lOS 

165 

19 

,66 

42 

59 

44 

66 

•70 

80 

99 

108 

141 

20 

49 

68 

58 

76 

83 

•  7 

121 

21 

39 

OS 

47 

78 

70 

•8 

105 

22 

XxU       ,^^s^ 

68 

58 

88 

i 

m 

T 

y 

90 

23 

66 

49 

86 

77 

24 

-H/t^M">[  A-]*   i»f>\  5|<- 

T^ieslDttaSl 

81 

66 

25 

t 

When  value  of  "Jb"  is  less  than  -,  Case  I  applies. 
When  value  of  "i**  is  greater  than  0.375  Af« controls. 

78 

56 

26 

When  value  of  "it"  is  less  than  0.375  M,  controls. 
*  Indicates  neutral  axis  in  the  flange. 

Tf 

48 

27 

TOT 

Notb:  This  table  is  based  on  M  ^  -ry    Top  steel  over  supports  for  negative  M  sam 
as  for  positive  at  center  of  span,  top  steel  over  supports  extending  to  K  or  H  of  si 

e  areaA* 
)an. 

28 

For  end  spans,  when  Af  -■-r^'use  ^  of  the  combined  superimposed  load  and  dead  w 
given. 

Wh 

For  simple  spans,  when  M  ""  — «-•  use  H  of  the  combined  table  values,  as  for  end  spans. 

t.  of  floor 

29 

30 

y 
The  unit  shear  v  «  rrr^  is  given  for  each  load  value  in  small  t3i>e. 

Resisting 
moment,  in. -lb. 

20.200 

25,490 

35,130 

44,200 

52,860 

36,100 

50,030 

62.940 

76,680 

96,080 

b      Sec.  8-831 


STRUCTURAL  DATA 


423 


OoMBiNATION  HOLLOW  TlIJ9  AND  CONCBHTB  FlOOBS 

Unit  Concrete  Streas  800  lb.                                                                                             €k>ntinuoua  Spaub 

S^X  12^X12"  TUe.  4"  Ribe,   16"  o.. 
2"  Top 

10"  X  12"  X  12"Tae.4'Ra»,2"Top 

12"X12"X  12"  Tile,  4  Riba  16c.," 
2"  Top 

Weight  FL  per  sq.  ft.  -  70# 

Weight  fl.  per  aq.  ft.  -  81# 

Weight  n.  per  aq.  ft.  -  91/ 

CotHsrete  per  aq.  ft.     Tile  per  aq.  ft. 
0.334  cu.  ft.                 0.76-8'' 

Concrete  per  aq.  ft.    Tile  per  aq.  ft. 
0.376  ou.  ft.                0.75-lCr' 

Concrete  per  aq.  ft.  Tile  per  aq.  ft. 
0.417  ou.  ft.             0,f5-l?' 

.00273 

.250 

.920 

.00347 

.280 

.914 

.0042« 

.310 

.910 

.0054! 

.350 

.906 

\  .00614 
.372 
.906 

.00284  .00348  .00443  .00502  .0057 
.264      .294      .334      .358      .381 
.926      .922      .920      .920      .919 

.00296 

.283 

.933 

.00376 

.324 

.931 

.00425 

.348 

.930 

.00483 

.372 

.930 

a-H"* 

2-H"* 

2-><"^ 

2-H"# 

2-«'V 

2-H"*  2-^"*  2-«"#  2rH"4 

•}^''J 

2-H"^ 

2-«"#  2->i"*  j^;;j 

•8 

419 

To  find  reinforcement  and  moment  for  any  other  width 

88 

333 

114 

439 

118 

550 

of  rib  than  4",  multiply  moment  and  ateel  area  "A." 
each  by  distance  center  to  center  of  riba  and  divide  by 

89 

269 

104 

358 

104 

448 

16,  total  lb.  per  aq.  ft.  remaining  aame. 
The  unit  ahear  for  any  other  width  of  rib  -  4"  divided 
by  width  of  rib  X  ahear  aq.  in.  in  table  X  diatanoe  o.c. 

219 

80 

296 

118 

376 

80 

370 

118 

471 

118 

570 

riba  divided- by  16. 

Tl 

179 

88 

246 

108 

315 

88 

308 

100 

395 

108 

479 

• 

08 

147 

88 

204 

108 

266 

88 

258 

109 

334 

109 

405 

•  1 

120 

T8 
171 

88 

224 

189 

304 

78 

218 

86 

283 

199 

382 

86 

345 

88 

99 

78 

144 

80 

191 

118 

261 

78 

183 

80 

241 

116 

329 

80 

296 

116 

399 

88 

81 

88 

120 

86 

162 

108 

225 

138 

263 

.    00 

155 

66 

207 

108 

285 

199 

333 

86 

264 

108 

347 

88 

66 

88 

101 

80 

138 

108 

195 

117 

230 

00 

130 

81 

178 

• 

109 

248 

110 

291 

80 

218 

106 

302 

117 

353 

48 

61 

88 

84 

7T 
118 

88 

169 

110 

200 

09 

109 

77 

152 

87 

215 

110 

254 

199 

289 

77 

188 

07 

263 

110 

309 

At 

41 

88 

69 

78 
101 

88 

147 

108 

174 

68 
91 

76 
130 

86 

188 

106 

223 

110 

254 

78 

162 

88 

231 

106 

273 

118 

321 

8T 

58 

70 

86 

88 

127 

108 

153 

67 

77 

00 

112 

88 

164 

100 

196 

111 
224 

08 

139 

80 

201 

100 

240 

114 

285 

86 

47 

87 

72 

86 

111 

88 

134 

64 

63 

00 

95 

86 

144 

80 

173 

100 

109 

00 

120 

86 

177 

00 

212 

100 

253 

84 

60 

81 

96 

89 

117 

69 

52 

04 

81 

81 

125 

89 

151 

101 

175 

04 

102 

81 

165 

09 

187 

104 

225 

81 

61 

78 

83 

88 

102 

69 

78 
109 

86 

133 

88 

156 

01 

87 

78 

135 

88 

165 

100 

201 

68 

42 

76 
71 

88 

89 

80 

57 

78 

94 

86 

117 

•  4 

138 

08 

74 

76 

119 

88 

146 

80 

178 

79 
61 

88 

79 

67 

47 

79 

82 

81 

103 

80 

121 

87 

63 

79 

103 

89 

129 

06 

159 

78 

52 

78 

68 

08 

70 

78 

90 

87 

107 

64 

51 

70 

90 

TO 

113 

80 

141 

87 

43 

70 

58 

07 

60 

70 

79 

84 

95 

69 

42 

67 

78 

70 

99 

80 

125 

78 
50 

06 

51 

76 

68 

81 

83 

66 

67 

TO 

87 

84 
111 

66,080 

82;260 

100.800 

127,360 

144,000 

101,750 

134,460 

158070 

178,030 

197,220 

148360 

189,050 

213,750 

242,840 
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table  on  p.  418  shows  for  an  18-ft.  span  that  6  X  12  X  12  tile,  4-in.  ribs  and  2-in.  top.  with  two  H-i'^-  square  rods 
to  each  rib*  will  give  a  safe  superimposed  load  of  119  lb.  per  sq.  ft.  when  the  shear  is  87  lb.  Or  8  X  12  X  12  tile, 
4-in.  ribs,  2-in.  top  and  two  ^-in.  rounds  will  give  a  superimposed  load  value  of  116  lb.  per  sq.  ft.  and  68  lb.  shear. 
The  latter  combination  will  be  accepted  in  this  case  for  illustration.  The  value  «  ■■  68  will  require  w^  rrinforo^ 
ment  for  each  end   of  each  rib.     d  »  9  in.     Referring  to  Sect.  2,  Art.  34c. 

(68j-J0)(18) 

'* (27(68) ^'^^  '*• 

V,  -  (6«-y))W(3.70)  ^^2)  .  2490  lb. 

A  ^-in.  round  stirrup  at  10,(X)0  will  have  a  value  of  980  lb.,  which  would  require  only  say  three  stirrups  at  each  end. 
The  resultant  spacing  may  be  considered  unsatisfactory,  spaced  over  the  distance  3.70  ft.  To  give  greater  economy 
in  the  weight  of  stirrups  and  in  order  to  preserve  the  proper  spacing,  it  will  be  necessary  in  this  case  to  use  wire  of 
smaller  gage  than  ^  in.  A  No.  8  gage  wire  has  a  cross-sectional  area  equal  to  0.023  sq.  in.  Assuming  the  use  of 
No.  8  wire,  each  stirrup  wUl  have  a  value 

(2)(0.023)(10.000)  -  460  lb. 
say  6  stirrups  at  each  end. 


460 
Now  the  closest  spacing  at  the  end  of  rib  is 

(0.046)  (10.000) 


4  in. 


(68  -  40)  (4) 

No.  8  wire  U'^tirrups  spaced  two  at  4  in.,  three  at  5  in.  and  three  at  6  in.  will  be  satisfactory,  which  will  be  two  more 
at  each  end  than  obtained  above. 

The  above  values  for  shear  and  moment  at  the  center  line  of  supports  do  not  consider  the  additional  strength 
produced  by  the  flange  of  the  T'^haped  beams.  In  determining  the  negative  compression  in  ribs  at  supports,  allow- 
ance for  this  may  be  made.  The  moment  for  each  rib  at  the  edge  of  flange  may  be  assumed  to  be  about  Hth  of 
maximum  positive  moment  found  at  the  center  of  ribs.  Table  A  gives  the  moment  80,400  in.-lb.  The  moment  at 
the  support  for  the  rectangular  section  of  rib  will  then  be 

M  -  (80,400)(^)  "  68,900  in.-lb. 

One  ^-in.  round  of  each  rib  will  extend  straight  in  the  bottom  and  one  ^-in.  round  will  be  bent  up  at  both  eids 
at  the  quarter  points,  and  will  extend  along  the  top  over  beams  to  the  quarter  points  of  adjoining  spans.  Thji 
arrangement  will  give  an  equal  steel  area  for  positive  and  negative  moments.  When  stirrups  are  used  at  the 
ends  of  each  rib  the  straight  rods  in  the  bottom  may  be  considered  to  act  in  compression,  but  when  stirrups  are  not 
used  (which  is  more  in  accord  with  general  practice  for  this  t3i>e  of  floor  construction,  the  shear  for  each  rib  beii* 
reduced  to  about  40  lb.  by  widening  the  ribs)  the  straight  rods  in  the  bol^m  cannot  be  expected  to  act  effectavdr 
in  compression.  Stirrups  in  small  ribs  of  this  kind  are  very  awkward  to  install  and  almost  impossible  to  hold  in 
position  during  construction,  therefore  a  simple  method  of  widening  the  ribs  at  the  flange  of  beams  will  be  illustrated 
ignoring  the  value  of  rods  in  compression.  Referring  to  Fig.  121, 8X8  tile  12  in.  long  will  be  used  at  the  ends  whkh 
will  increase  the  width  of  concrete  ribs  to  8  in.  instead  of  4  in.  8X8X 12  tile  may  be  readily  obtained  from  mann- 
facturers.  The  top  sted  at  supports  for  each  rib  has  an  area  equal  to  0.60  sq.  in.  The  peroentase  p  for  the  sectioa 
where  ribs  are  8  in.  wide  will  be 


From  Table  2,  p.  160, 

Now  the  stress  in  the  top  steel  is 


p  -  0.0083,  k  -  0.388  and  j  -  0.871 


*  ^  68,900  _ .  — __  ,,  . 

^"A4d-  (0.60)  (0.871)  (9)  -  ".700  lb.  per  «,.  in. 

Referring  to  Diagram  2,  p.  153,  when  p  «  0.0083  and  /a  —  14,700,  the  concrete  stress  is  found  to  be  slightly  less  thas 
660  lb.  per  sq.  in.  This  method  gives  a  more  definite  assurance  that  the  proper  resistance  to  negative  compressive 
stresses  will  be  carried  out  in  actual  construction,  whereas  the  \ise  of  stirrups  invites  carelessness  in  execution. 

T-Beam  Design. 

Weight  of  tile  and  concrete  floor  «    70  lb.  per  sq.  in. 
Superimposed  load  ""118  lb.  per  sq.  ft. 

Total  floor  load  -     188  lb.  per  sq.  ft. 
Load  per  linear  foot  on  beam  -    (188)  (18)  -  3380 
Load  of  beam  per  linear  foot  assumed  —    450 


Totol  load  a  3830  lb.  per  lin.  ft. 
U  .  <^>"«)'<">  -  1.240.900  ia.-lb. 

An  a  general  rule,  beams  in  connection  with  hollow  tile  and  concrete  floors  come  under  Case  I  (see  Sect.  2,  Art.  ISk). 
The  flange  is  made  the  same  thickness  as  the  floor,  which  in  this  case  is  10  in. 

Buildings  are  iisually  planned  to  obtain  the  least  story  height.     Beams  that  extend  too  far  beneath  the  low 
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surface  of  aUb  will  leiMn  the  olearanoe  required  between  the  undetnde  of  beam  and  floor  leyel  and  therefore  are 
objeotionable. 

After  making  rough  trials  it  will  be  found  that  a  section  16  in.  wide  by  23  in.  effective  depth  will  fulfill  the  re- 
quirements for  shear,  or, 

(3830)  (9)  „-,. 

^■(16)(7/8)(23)"^Q'^'^'P^^-'°' 
A  beam  16  in.  wide  and  with  d  *  23  in.  will  be  considered  satisfactory. 

i^^  -04M 
5  "  23  "  °*^ 

Now  the  approximate  steel  area  A*  required  will  be 

A 1.240,900  .  ooo^  S„ 

^       (0.87)  (23)  (16,000)       ^'^  "*'  ***• 

Tlie  flange  will  be  aanimed  to  extend  6  in.  beyond  each  face  of  web,  then  b  «  28  in 

Referring  to  Diagram  6,  p.  106,  when  ^  «■  0.435  and  p  »  0.006,  it  is  at  once  determined  that  the  neutral  i^ane  is  in 

the  flange.    Case  I  applies.    Since  rectangular  beam  formulas  api^y.  Table  3,  p.  150,  shows  that  the  controlling 
▼alue  f or  p  is  0.00760  when  /•  -  16,000,  /«  -  6S0  and  n  -  15.    The  value  p  -  0.(X)6  indicates  that  the  concrete 
stress  will  be  less  than  the  assigned  value  for  /«  and  that  the  steel  will  control.     To  confirm  this  understanding, 
the  formulas  governing  this  case  will  be  used  to  check  the  above  results. 
Using  Table  2 

p  -  0.006,  k  -  0.344,  and  j  -  0.885 

The  unit  stress  in  the  steel  and  concrete  will  be 

.  1.240.900  ,c^iAiu 

^-  -  (3.88)  (0.885)  (23)  '  ^^'^^^  ^^'  ^'  •*»'  ""• 


^^  _  (2)(15.710K0.0060)  ^  ^g  ^^ 


0.344  persq.m. 

The  flange  width  b  •■  28  in.  will  be  used  as  it  is  better  to  have  more  flange  area  than  is  required  in  this  kind  of  con- 
Btruotion  on  aceount  of  working  conditions  at  the  building,  which  make  it  a  difficult  matter  to  maintain  an  accurate 
specified  spaoe  between  the  ends  of  tile  and  the  beam  sides. 

The  steel  bars  will  now  be  selected  to  conform  to  the  steel  section.  At  ^  3.88.  Three  H-in.  rounds  straight  in 
the  bottom  and  two  IH'Iq*  rounds  bent  will  give  a  combined  area  equal  to  3.80  sq.  in.  The  bent  rods  will  be 
arranged  as  shown  in  Fig.  121  and  extending  to  the  one-fourth  point  of  adjoining  beams.  Diagram  8  shows  that 
the  two  IH-iA.  rounds  or  52%  of  the  total  area  may  be  bent  up  at  point  0.21  or  3  ft.  9  in.  from  the  center 
line  of  support. 

The  shear  s  has  been  found  to  be  107  lb.  per  sq.  in.  After  applying  the  formulas  the  following  results  are  ob- 
tained: XI  «  6.63  ft.,  Vi  «  86,210  lb.,  and  assuming  H-i°-  square  U-stirrups  at  10,000  lb.  per  sq.  in.,  the  total  num- 
ber of  stirrups  for  each  end  will  be  18,  and  a  -  2.6  in.  The  stirrups  at  each  end  nmy  be  spaced  3  at  3.  3  at  4,  3  at  6 
and  4  at  8  in.  center  to  center.  As  bent  rods  will  not  be  used  at  the  supports  to  resist  diagonal  tension,  thesUrrups 
are  proportioned  to  take  the  entire  shear  represented  by  triangle  with  height  v  — vt  —  67  and  base  xi  —  5.63. 

Additional  bent  rod  units  may  be  used  to  take  the  entire  shear,  but  a  practical  arrangement  for  them  is  more 
diflleult  to  obtain  than  in  the  case  of  stirrups  at  continuoiis  ends  of  beams. 

A  simple  trial  will  first  be  made  to  ascertain  if  the  rectangular  sectiou'for  negative  moment  is  sufficient  without 
ooiurideriDg  the  corapreasion  rods.    The  four  IH-^'  rounds  in  the  top  over  supports  have  an  area  A,  ^  3.97  sq.  in 

q  Q7  • 

1.240.900 
"    (16)(23)«  " 

Diagram  2  shows,  with  p  *  1.08  %  and  K  >-  146,  that  the  concrete  is  stressed  to  slightly  less  than  800  lb.  and 
the  steel  to  less  than  16.000  lb.  With  the  presence  of  compression  rods,  it  will  be  noted  from  the  values  obtained  that 
the  section  at  the  support  will  give  adequate  strength,  without  resorting  to  further  investigation.  It  has  been  noted 
in  Sect.  2,  Art.  AQf,  that  the  negative  moment  decreases  rather  abruptly  from  the  point  of  greatest  intensity 
over  the  supports  and  hence  only  a  small  portion  of  a  continuous  member  will  be  subjected  to  the  greatest  stress. 
For  this  reason  higher  working  stresses  may  be  assumed  at  this  point,  without  endangering  the  strength  of  the 
member. 

The  more  accurate  formulas  for  double-reinforced  rectangular  beams  could  be  applied  to  obtain  the  accurate 
stresses,  but  it  is  hardly  worth  the  while,  if  the  section  is  known  to  afford  safe  resistance  for  negative  stress. 

The  bond  stress  along  the  four  lyi-in,  rounds  at  the  top  of  beam  near  support  is 

34,470 ,„,  ,. 

"  -  (ni4K7/8K23)   -  ^21  lb.  per  sq.  m. 

The  tension  rods  in  oontinuous  beams  over  the  supports,  in  important  cases,  require  inverted  stirrups  to  anchor  them 
into  the  body  of  the  beam.  These  inverted  stirrups  should  be  separate  from  the  stirrups  which  are  designed  prim- 
arily to  resist  diagonal  tension  at  the  ends.  It  is  essential  that  the  main  stirrups  engage  the  straight  rods  in  ihe 
bottom  at  supports,  otherwise  the  value  of  straight  rods  as  compressive  reinfcn'cement,  may  be  compared  with  the 
value  of  longitudinal  rods  of  a  column  without  bands. 
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When  designing  a  structure  composed  of  many  different  ordinaiy  members  of  simple 
construction,  the  experienced  engineer  as  a  general  rule,  has  not  the  time  at  his  disposal  or  the 
inclination  to  engage  in  long  theoretical  calculations  to  determine  what  is  required  to  safely 
and  economically  support  the  dead  and  superimposed  loads.  The  engineer  who  has  been 
engaged  in  the  design  of  practical  structures  for  a  number  of  years  develops  judgment,  intu- 
ition, perception  and  a  quick  comprehension  of  the  .proper  proportion  required  for  nxembefs 
when  ordinary  problems  of  design  arise  for  solution.  In  the  absence  of  tables,  simple  cases  of 
design  may  be  solved  by  the  use  of  approximate  formulas,  making  it  unnecessary  to  resort  to 
the  more  complex  and  longer  methods  of  calculation. 

In  many  forms  of  construction  it  is  possible  to  prepare  tables  that  will  give  directly  the 
requirements  desired  for  given  oonditioiDB,  such  as  Tables  11,  12  and  13  for  combination  hollow 
tile  and  concrete  joists. 

84.  If  etal  Floor-tile  Construction. — Metal  floor  tile,  although  made  by  a  comparatively 
few  manufacturers,  are  used  to  no  little  extent  as  a  substitute  for  hollow  tile.  Fig.  122  shows  a 
t3rpical  cross  section  of  combination  metal  tile  and  concrete  floor  construction.  This  type  of 
floor  gives  a  smaller  dead  weight  than  hollow  tile  construction  per  unit  of  area  and  the  economy 
of  one  over  the  other  should  be  determined  by  making  comparative  estimates. 

The  upper  surfaoe  of  the  metal  tile  is  oormgated  or  depreesed  at  intervale  to  prevent  nagging  when  exposed  to 
working  conditions  after  being  placed  in  position  on  the  formwork.  If  the  gage  of  the  metal  is  too  lisht  or  the 
corrugations  are  not  of  sufficient  depth  and  spacing,  sagging  will  inevitably  occur,  resulting  in  a  material  loss  of 
concrete,  by  increasing  the  specified  thicknees  of  the  t<^. 

As  in  the  case  of  tile  construction,  the  metal  domes  create  voids  in  the  concrete  and  form  a  system  of  small 
T-beams.  The  derign  of  this  type  of  floor  is  identical  to  that  of  tile  and  concrete  rib  floors.  In  the  case  of  Hy- 
Rib  ceilings  the  bottom  edges  of  the  metal  tile  are  serrated  to  straddle  the  ribs.  This  tsrpe  of  flat  metal  ceOing  is 
laid  in  place  on  the  formwork  before  the  metal  tile  are  placed. 

Metal  tile  are  also  manufactured  in  the  shape  of  domes  for  two-way  reinforced  panels. 


AM/ 


Fig.  122. 


Gypsum  fite-  f^'^Vofsf  Spader 
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85.  Gypsum  Floor-tile  Construction. — Gypsum  is  one  of  the  best  known  non-conductors 
of  heat  and  cold.  Besides  being  used  for  partitions  in  buildings,  it  is  now  extensively  employed 
in  the  form  of  floor  tile  in  combination  with  concrete  for  long-span  floor  construction.  Gypsum 
floor  tile  are  cast  from  molds,  and  are  made  from  dense,  hard  gypsum,  with  sides,  bottom,  top 
and  ends  cast  integral.  The  end  feature  of  these  tile  insures  against  waste  of  concrete  in  the 
event  tile  is  displaced  during  construction.  Fig.  123  illustrates  this  type  of  floor.  The  joist 
spacer  in  the  bottom  of  each  concrete  rib  which  preserves  intact  the  specified  width  of  rib,  is 
one  of  the  cardinal  advantages  of  this  system.  Metal  lath  ceilings  are  eliminated  by  the  use 
of  this  construction  and  the  plaster  is  applied  directly  on  the  gypsum  surface.  Each  tile  is 
reinforced  throughout  with  metal  fabric  to  prevent  breakage  beyond  reasonable  expectations, 
during  shipment  and  handling. 


Sise  of  g3rpsum  floor  tile  (see  Fig.  123) 

A  —  Depth  of  joist 

6  in. 

Sin. 

10  in. 

12  in. 

B  -  Height  of  tile 

7  in. 

9  in. 

11  in. 

13  in. 

Weight  per  lin.  ft 

24  1b. 

271b. 

301b. 

33  1b. 
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■reiclw  13  lb.  per  *q.  ft. 


i  rvoffl  af  fiLctor: 
KJ  lb.  per  aa.  ft. 


84.  Beam  Schedulea.—  Fig.  124  shows  two  typical  arrangements  for  beam  schedules, 
'which  concentrate  in  detail  tbe  information  desired  for  the  preparation  of  steel  order  liats,  and 
to  sitnplify  the  work  of  the  superintendent  during  the  erection  of  a  structure.  With  auch 
Hchedulea  available  the  superintendent  may  select  in  advance  the  matwriol  desired  for  any  one 
member  or  collection  of  members.  Knowing  the  number  of  beams  required  and  the  dimensions 
for  the  sections,  false-work  for  the  beam  sidea  and  bottoms  may  be  readily  constructed  in 
advance  for  the  entire  building.  .Schedules  are  especially  adapted  for  beams  of  simple  design, 
or  those  that  have  a  uniform  section  throughout,  with  reinforcement  bent  symmetrical  about 
the  center  line  of  the  member.  The  location  of  "rod  bends"  from  the  center  line  of  bearings 
should  be  indicated  for  special  reinforcement  as  shown  for  B.  30  and  B.  31,  Fig.  134.  There  is 
little  excuse  for  wrong  installation  i(  the  drawings  are  made  clear,  concise,  and  entirely  convenient 
for  ready  reference. 
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87.  Unit  Construction. 

87  a.  Recognized  Systems. — Two  systems  of  Unit  Construction  are  generally 
reeogniied  aa  embodying  features  of  designs  and  installation  that  represent  tbe  correct  applica- 
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tion  of  this  type  of  construction.  These  systems  are  the  "  Uoit-bilt "  system  and  the  Ransome 
Unit  system.  In  the  "Uait-bilt"  system,  the  slabs,  beams,  girders,  columns,  etc.  are  built  Apart 
from  the  structure,  and  bonded  together  in  the  structure  by  means  of  projecting  rod  aiichon, 
whereas  in  the  Ransome  system  Uie  slabs  are  poured  in  place  after  the  other  supporting  memben 
have  been  erected. 

Bib.  Dnit-bUt  System.— Plates  1,  2  and  3  show  the  principal  detaik  of  thie  type 
of  construction.  The  unit  method  oF  building  is  especially  adapted  to  train  sheds,  round  houses, 
one  and  two  story  factories  and  warehouses,  where  there  is  a  large  duplication  of  memben. 
The  Unit-bilt  method  as  perfected  by  the  Uuit  Construction  Co.  of  St.  Louis,  consists  of 
casting  the  walls,  floom,  and  roofs  in  units  and  erecting  these  units  by  means  of  derriclu^  in 
much  the  same  manner  as  structural  steel  is  erected. 

Plate  4 


The  locmB  for  the  uniM  ■rsliid  in  ■  uatina  y«rd,  »il]ac«Dt  to  the  building  uts  and  time  all  the  eoncrcte  (ocUu 

(IJ  the  KTUt  flumber  o[  lua  pouible  from  one  set  of  formi,  »p«dally  on  large  opiiHtitini;  (2)  the  imaU  auabn 
dl  meo  required  due  to  the  eilsnsivr  ugs  of  locomotive  (Tann,  motor  trucln.  derrick*,  ete.;  (3)  the  remarkahk 
■pBsd  of  erectini  attKlnect;  (4)  the  uge  of  lofal  materialg  for  BRETeiEat«.  whethiT  the  aKgreKtte  be  Btone.  iin*el.  a 
alag;  (fi]  the  eaae  witJi  which  the  uiiit#  may  be  iiupeeted  while  being  poured  and  before  enteriog  the  buiJdiDs:  and 
(0)  the  fact  that  all  BhrinkwEO  takia  plaice  before  the  units  enter  the  giructure.  thu>  eliminatins  aU  ghrlnkaKt  oractola 
the  buildioK. 

Durins  the  yeai  IdlS  the  eouatrnction  ol  flnprool  houa«  lor  workiniolea  by  thia  gyatem  proved  an  innoTatiaii 
hichly  luitable  for  tbig  purpoK.     Plate  3  show*  the  detaila  of  comtruelion. 

of  200lin.  It.  of  traimhed,  oneatory  ofaroundhouBi^.  aoOOaq.  ft.  of  factoryor  warehoiM,  OTaDeoomplp(e4-nMiiI 

attained  by  the  greater  use  of  fornu  bikI  the  familiarity  of  the  ereeting  erern  with  the  parUeular  type  of  huildini. 

However,  under  favorable  conditlong,  a  very  ireat  economy  can  be  ahown  on  an  operation  ol  aa  little  aa  50,000  sq.  ft 

Plate  I  alvea  a  (eneral  Idea  ol  the  detaila  of  thii  unit  construclion.     FlaU  2  ghowa  the  appUcBtlon  of  thia  method 
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87c.  RHnEmme  Unit  System.— Plate  4  ^owa  the  main  details  of  this  Bystem. 
The  iprdere  are  notched  along  the  top  at  intervals  of  about  4  ft.  to  receive  the  beams.  The 
Btirrups  and  bent  rods  of  tiiese  girders  are  so  arranged  as  to  insure  a  mechanical  bond  between 
the  girder  and  slab.  Hie  ends  of  girders  are  widened,  so  as  to  practically  cover  the  cap  of  the 
column.  The  ends  of  beams  which  fit  into  the  poclcets  of  the  girders  are  dove-tuled  to  in 
the  anchorage  at  these  points. 


"^plcal  Plan,   Stw-Tocptti  ftooft 


*n  boltfid  to  the  lidia  of 
below.  Am  m  aooaegueai 
deucn«d  to  carry  tbdr  o' 


ioiuly  erected  bet  we 


1  drmi  Hfight,  the  wri«hl  of  the  i 


nt  to  buildiQc 


The  ■hortneae  ol  (pan  and  the  nature  ol  the  Donilruction  permit  of  removing  all  [nma  in  the  ehortcat  time. 

The  eolumni  are  reinforced  with  loocitudinal  rode  and  band*  or  hoop*  in  addition  to  a  lonsitudinal  rod  inaaited 
in  a  cored  h<de  extending  throuah  the  center  of  the  Eolumn,  The  holei  are  grouted  from  the  top  after  the  b«Du 
and  sirden  ale  Mt  In  plaoe.  The  cored  hole  la  made  larger  and  flared  out  at  the  baae  of  column  to  give  an  even  bed 
for  beating.  The  loadi  from  oolumni  in  one  atory  to  that  of  the  other  beneath  are  trangferred  entirely  by  meana 
of  flared  capa  and  baHB  and  are  not  aaaiated  by  the  lapplitg  of  any  loogitudlca]  rod*.  M  la  ordinarily  done  in  mono- 
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88.  Saw-tooth  Roof  Construction. — Saw-tooth  roofs  arranged  to  provide  a  diffusion  of 
north  light  and  ventilation  have  been  found  especially  adapted  for  factories  and  machine  shops. 
The  coat  of  this  type  of  roof  is  somewhat  in  excess  of  the  ordinary  flat  arrangement  of  reinforced 
concrete  construction,  or  saw-tooth  roofs  built  of  other  materials,  but  the  advantages  gained 
in  efficiency,  fireproof ness,  and  maintenance  in  the  case  of  concrete  more  than  offset  the  addi- 
tional cost  entailed. 

Fig.  125  shows  a  typical  arrangement  for  reinforced  concrete  saw-tooth  roof  construction. 
The  effectiveness  of  light  afforded  will  depend  to  a  considerable  extent  on  the  angle  at  which 
the  sash  and  glass  are  placed.  In  the  example  given  in  Fig.  125,  the  glass  surface  has  an  angle 
of  24  deg.  26  min.  12  sec.  with  the  vertical,  which  has  proven  entirely  satisfactory.  Then 
again  the  lower  edge  of  sash  should  be  a  sufficient  distance  above  the  surface  of  trough  formed 
by  the  saw-tooths  over  the  main  supporting  girders,  to  prevent  leaks  from  occurring  when 
snow  is  banked  over  the  area.     All  troughs  should  be  arranged  for  proper  drainage. 

The  saw-tooth  roofs  shown  in  Fig.  125  are  supported  by  beams  R  and  i21,  each  having  a  span 
of  49  ft.  6  in.  center  to  center  of  supports.  The  design  of  these  members  is  shown  in  Fig.  126. 
On  account  of  the  loads  from  the  8x8-in.  posts  being  distributed  through  the  11-in.  walls  to  the 
beams,  the  entire  dead  and  live  loads  were  considered  uniformly  distributed  when  deriving  the 
maximum  positive  and  negative  moments  for  three  spans. 

It  will  be  interesting  to  note  that  since  the  dead  load  of  the  construction  is  considerably 
greater  than  the  Uve  load  (in  this  case  approximately  three  times  the  live  load),  the  maximum 
positive  moment  at  the  center  of  interior  span  is  much  less  than  the  moment  obtained  by  for- 

mula  M  =  -T^.     The  load  assumptions  used  in  the  design.  Fig.  126,  could  hardly  be  realized 

under  normal  conditions  for  a 
roof  subjected  only  to  strains 
occasioned  by  dead  load,  snow, 
wind,  and  water,  but  were  used 
and  moment  lines  plotted  ac- 
cordingly to  provide  a  more 
accurate  distribution  for  the 
steel  reinforcement  than  could 
be  obtained  by  the  approximate 
moment  assumptions  usually 
employed  in  the  design  of  im- 
portant members. 

The  design  of  long-span  continuous  members  frequently  requires  the  splicing  of  the  rein- 
forcing bars,  due  to  the  difficulty  of  securing  the  bar  length  desired  in  single  units.  In  the 
design  of  beams  R  and  /21,  Fig.  126,  the  bars  were  spliced  as  shown  at  points  where  the  moments 
would  permit.  Each  rod  spUce  was  secured  together  by  two  K-in.  U-bolts,  which  proved  more 
practical  and  effective  in  this  instance  than  wire  of  small  gage. 

As  in  the  case  of  Beams  B  and  Bl,  Fig.  46,  p.  144,  the  reinforcing  bars  for  maximum  posi- 
tive and  negative  momeents  in  beams  R  and  R\,  Fig.  126,  were  proportioned  for  moments 

M  »  -Tg  and  j^,  on  account  of  the  building  ordinance  requirements  which  had  to  be  complied 

with. 

To  insure  fireproofness  and  permanency,  saw-tooth  skylights  are  preferably  glazed  with 
K-in-  wired  glass  securely  fastened  with  glazing  clips  in  metallic  frames.  Movable  sash  are 
mechanically  controlled  by  operating  devices. 

The  Unit  Construction  Co.  of  St.  Louis  has  developed  a  saw-tooth  roof  construction  using 
separately  molded  members.  Fig.  127  is  a  cross  section  of  this  ^'Unit-bilf  construction  show- 
ing the  typical  arrangement  of  the  prc-cast  units.  The  roof  portion  of  saw-tooth  at  its  lower  end 
rests  on  a  ledge  cast  in  the  main  supporting  girders,  and  the  upper  end  on  a  ledge  in  the  sky- 
light frame.  The  lower  end  of  frame  also  rests  on  a  ledge  in  the  girder.  Tie  beams  between 
the  girders  are  provided  to  make  a  rigid  construction  and  may  also  be  used  for  the  purpose  of 
supporting  shafting  and  other  installations  if  desired. 
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Fza.  127. — Cross-section  showing  typical  arrangement  of  units  in 
sawtooth  construction,  i/nif-MM  system. 


434  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  »-89 

FLAT  SLAB  CONSTRUCTION 

By  W.  Stuart  Tait 

89.  In  General. — Flat  slab  construction  consists  of  a  concrete  slab  of  practically  unifono 
thickness  so  designed  that  the  slab  carries  and  transfers  the  load  coming  upon  it  directly  to  the 
columns.  This  form  of  construction  has  become  very  widely  used  during  the  past  ten  yeaR 
until  today  it  is  used  to  a  far  greater  extent  for  warehouse  and  manufacturing  buildings  than  all 
other  types  of  concrete  construction.  It  is  also  used  in  railroad  track  elevation,  in  bridges, 
hotels,  apartment  buildings,  and  offices. 

The  correct  method  of  design  for  this  t3rpe  of  concrete  construction  has  been  a  contentious 
point  among  engineers  for  a  number  of  years.  In  spite  of  a  lot  of  research  work,  flat  slab  con- 
struction must  still  be  classed  as  a  statically  indeterminate  structure.  The  methods  of  desip 
now  in  general  use  must  be  considered  as  empirical  but  we  have  now  had  a  sufficiently  wide 
experience  with  their  application  to  be  certain  of  the  results  to  be  obtained. 

The  Joint  Committee  recently  adopted  a  ruling  for  the  design  of  flat  slab  construction  but 
this  ruling  will  not  be  treated  here  owing  to  the  fact  that  it  is  rather  too  flexible  to  be  considered 
as  a  design  method.  In  addition  to  this,  it  has  had  very  little  practical  application  and  results 
obtained  in  years  of  experience  with  other  rulings  do  not  justify  the  higher  moments  given  under 
the  Joint  Committee  report.  The  proposed  American  Concrete  Institute  ruling  agrees  closely 
with  many  building  codes  which  have  been  in  effect  for  a  number  of  years,  and  which  have  given 
highly  satisfactory  results.  The  A.C.I,  ruling,  however,  is  more  complete  than  any  city  code 
so  far  as  the  writer  is  aware  and  covers  more  completely  many  of  the  secondary  features  of  the 
design.  There  will  be  given  later  a  number  of  examples  of  the  different  forms  of  flat  slab  con- 
struction, fully  worked  out,  so  that  by  following  through  and  understanding  the  various  steps, 
an  engineer  will  have  no  difficulty  in  applying  any  of  the  various  city  codes  now  in  effect.  It  is 
almost  an  impossibility  to  cover  all  the  points  of  flat  slab  design  in  a  handbook  such  as  this, 
which  may  determine  the  difference  between  a  highly  satisfactory  structure  and  one  which  is 
simply  passable.  Furthermore,  long  experience  is  necessary  before  a  designer  may  be  able  to 
produce  the  most  economical  design  for  a  given  purpose.  It  is,  therefore,  desirable  to  have 
designs  of  this  class  prepared  by  an  engineer  who  has  had  wide  experience  in  flat  slab  construc- 
tion and  who  has  proved  by  the  satisfactory  structures  to  his  credit  that  he  is  an  authority  on 
the  subject. 

A  number  of  systems  of  flat  slab  construction  have  patented  features  which  may  or  may  not 
contribute  to  the  efficiency,  economy,  and  strength  of  a  design,  but  it  is  not  the  writer's  inten- 
tion to  elaborate  on  these  various  systems  but  rather  to  explain  and  show  examples  of  flat  slab 
design  which  can  be  taken  as  guides  by  practicing  engineers. 

In  multiple-story  warehouse  and  factory  construction  the  flat-slab  type  of  design  shows 
marked  economy  over  other  types  of  concrete  construction.  In  most  cases  too,  it  offers  many 
physical  advantages.  Its  execution  is  thoroughly  understood  by  the  greater  proportion  of  con- 
crete contractors  and,  owing  to  its  simplicity,  good  construction  and  accurate  adherence  to  the 
designs  are  easily  obtained.  Designing  engineers  would  do  well  to  give  this  method  of  con- 
struction very  careful  consideration  before  deciding  upon  the  type  of  design  to  be  used  for  any 
building,  particularly  where  the  structure  has  large  floor  areas  with  fairly  regularly  spaced 
columns.  It  has  also  been  found  that  in  many  hotels,  offices,  and  apartment  buildings  where 
regular  column  spacing  can  be  obtained  and  in  which  spans  of  about  18  ft.  or  less  can  be  used, 
that  the  tsrpe  of  flat  slab  construction,  in  which  large  columns  without  any  projecting  capitals 
are  used,  offers  economy  and  some  advantages. 

90.  American  Concrete  Institute  Ruling. — The  diagram.  Fig.  128,  together  with  the  follow- 
ing notes,  is  a  summary  of  this  proposed  ruling.*  It  is  inserted  so  that  designers  may  easily 
follow  the  examples  worked  out  later.     The  general  notation  is  given  in  Appendix  A. 

1  While  the  following  matter  was  in  the  hands  of  the  printers,  some  slight  modifications  to  this  proposed  ruIiBg 
were  made  at  the  1010  convention.     These  proposed  modifications  are  not  shown  in  this  chapter. 


Sm.  s-mi 


STRUCTURAL  DATA 


435 


Slab  7'UcfcncM. — t  Bhall  DOt  be  ]eea  than  0.02L-\/w  + 1  in.,  nor  legs  than  L/S2  for  Soon  and 
L/40  for  roofs. 

Decipn  AftfmMtb. — Numerical  sum  of  positive  and  negative  moments  shall  not  be  leas  than 
0.09  toll  {It  —  Qc)''.  The  report  allows  a  slight  variation  in  the  distribution  of  this  total  mo- 
ment.  A  reasonable  diviaion  of  thia  moment  in  percentage  ia  shown  in  Fig.  128.  Mote  that  a 
fll%htly  different  distribution  applies  in  the  ease  of  drop  construction  from  that  in  cap  construc- 
tion. Correeponding  momenta  shall  be  figured  at  right  angles  to  those  shown  in  Pig.  128. 
The  momenta  shown  in  Mg.  128  are  calculated  for  a  value  of  the  cap  diameter  c  =  0.22SIi,  and 
are  for  interior  panels. 

For  eicterior  panels  the  negative  moment  at  the  first  row  of  interior  columns  and  the  positive 
moments  at  the  center  of  the  exterior  panels  on  sections  parallel  to  the  wall  shall  be  increased 


■^ 


Cbnatiucflorf' 


Soctton  A-A 


y Cap  CorwtTxjictipn 


?^P^°^       fill^S 


».°S~* 


20%  over  those  specified  for  interior  panels.  The  negative  moment  at  the  exterior  column 
parallel  to  the  wall  shall  not  be  less  than  SO  %  of  that  for  the  interior  panel. 

Shear. — The  shearing  stress  which  is  used  oa  a  measure  of  diagonal  tension  stress  is  calcu- 
lated on  a  width  equal  to  L/2,  and  the  formula  used  in  this  calculation  is  n  =  , . ,  for  cap  con- 
struction, and  p  ■=  ~^~r-  for  drop  construction.  Punching  ahear  at  the  edge  of  the  drop  and 
at  the  column  cap  is  calculated  by  multiplying  the  total  panel  load  occurring  outside  the  area 
under  consideration  by  1.25  and  dividing  this  load  by  the  perimeter  of  the  cap  {or  drop  as  the 
case  may  be)  and  by  d. 

CoIumiM. — -Both  interior  and  exterior  columns  shall  be  designed  for  bending.  The  moment 
in  a  column  shall  not  be  less  than  0.022uiili  (Ii  —  qc)*  where  Wi  isthe  designed  live  load.  In  the 
case  of  exterior  columns,  the  total  dead  and  live  load  (u^)  whould  be  used  in  the  above  formula 
inatead  of  iri.  For  top  story  columns,  this  amount  is  all  applied  at  one  section  of  the  column. 
For  columns  continuous  through  the  story  above,  the  moment  is  to  be  divided  between  the 
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upper  and  lower  column  in  proportion  to  their  stiffness.  Stress  used  in  calculations  for  direct 
load  and  bending  may  exceed  the  direct  load  stresses  allowed  by  50%. 

Stresse8,-^ln  the  examples  worked  out,  the  stresses  recommended  by  the  Joint  CSommitter 
based  on  1-2-4  gravel  concrete  (see  Appendix  J)  are  used  as  follows:  fe  for  positive  mo- 
ment =  ftSO  lb.  per  sq.  in.,  fe  for  negative  moment  *  750  lb.  per  sq.  in.,  /.  =  16,000  lb.  persq. 
in.,  shear  as  a  measure  of  diagonal  tension »-  40  lb.  per  sq.  in.  on  plain  concrete.  Punching 
shear  »  120  lb.  per  sq.  in. 

91.  Example  of  Design — ^Drop  Construction,  Four-way  Arrangement — Take  a  panel  20 
ft.  square  for  a  live  load  of  300  lb.  per  sq.  ft.,  with  cement  finish  laid  with  the  slab. 

Live  load  -  3001b.  I  -  0.021,  Vw  +  1  -  (0.02)(20)(v'416)  +  1  -  9.15  in. 

Dead  load  <-  115  lb.  I  not  less  than  L/32  <-  7.5  in. 

V  <-  415  lb. 
Use  Q>^-in.  slab.     Fireproofing  1  in.  d  f or  outer  section  »  9.25  —  1.25  -  &00  in.    (one   lajcr 

of  steel) 
d  for  inner  section  »  9.25  —  1.50  -  7.76  in.    (two  laycn 
of  steel) 
Column  capital  »  0.22&L  -  4  ft.  6  in. 

M  -  column  head  section  -  0.0336w2i  X  <i>  -  (0.0336) (415) (20) (20) '(12)  (in.-lb.) 

M  "  Kbd*,     b  i-  0.3L  -  6  ft.  0  in.     K  <-  134  (see  Sect.  2,  Art.  31a). 

(0.083e)(415)^20)(20)«(12) 
d«  -  (184) (6) (12)  ***  ^*  **  ^       ^^'^  ^ 

*-  11.8  +  1.00  +  1.00  (4  layers  steel)  -  13.8  in.     Use  14  in.  Slab  »  9K  in-     I>rop  <-  14  -  9K  -  4^  X  6  ft. 
0  in.  X  6  ft.  0  in.     Note  with  14-in.  thickness,  d  at  column  becomes  12  in.  (see  later  increase), 
o.          ^      ,               0.31F        (0.3)  (415)  (20)  (20)       ^^ ,. 
Shear  at  column  ^ -^ (120)(0.86)(12)     "  *«  ^*>- 

Punching  shear  at  edge  of  drop  -  ^^^^\4y^2"(77i)^'^^  "  ^  ^^' 

Punching  shear  at  edge  of  capital  -  ^^^^^\tK54)(12)'^'^^^  "  ^  ^^• 
From  this,  it  is  noted  that  both  punching  shear  and  diagonal  tention  stress  are  within  the  limits -prescribed. 
M  —  column  head  section  (see  above)  >-  1,340,000  in.-lb. 

.  1.340.000  o,«^    :„ 

^'       (0.80) (16.000) (12)       *•"  ■**•  ^**- 
M  -  mid.  section  -  0.0065  urfi  X  h* 

-  (0.0065) (415)(20)(20«) (12)  *-  258,000  in.-lb. 

^'  -  (0.86)(?6^;^)(8.00)  -  2-^  ■*»•  ^'  -  12-H-in.  round  bars. 
Jf  —  at  outer  section- 0.01 18ir2i  X  It* 

-  (0.0118)(415)(30)(20)s(12)  -  470,000  in.-lb. 

^'  -  (0.86)a6^;^)(8.00)  -  ^-^  ^'  ^"-  -  22-H-in.  round  bars. 

470  000 
d«  required  —  M/Kb  —         .'   -^    —  36.2  in.        d  »  6  in.,  where  we  have  8.00  in. 

If  -  at  inner  section  -  0.0129  toli  X  It* 
In  this  design  we  are  using  the  four-way  arrangement  of  steel,  and  consequently  each  bar  in  each  diagonal  band 
cuts  the  inner  section  line  at  45  deg.  The  A.  C.  I.  ruling  specifies  that  the  sectional  area  of  bars,  crossing  any 
section  at  an  angle  multiplied  by  the  sine  of  the  angle  between  these  bars  and  the  section  may  be  considered  sf 
effective.  Now  we  have  two  diagonal  bands  of  rods,  so  the  effective  area  of  sted  to  resist  the  moment  at  the  inner 
section  i*  0.7  X  2  bands  of  rods  —  1.4  bands.     Therefore 

^.  i«eb  dUcooal  b«>d  -  (o.8e)(16.'ol;SH8.0)(1.4)  "  »•**  "  "  "  «-*"•  ">»«»  »»™- 

We.  therefore,  have  the  following  reinforcing  for  the  interior  panels: 

Direct  bands 22 — M~1Q«  rounds  •-  4.30  sq.  in. 

Diagonal  bands 18— H~in*  rounds  •-  3.53  sq.  in. 

Across  direct  bands..  12 — yi-in.  rounds  >-  2.35  sq.  in. 

If  general  inmctice  is  followed,  and  we  bend  up  all  ban  at  the  column,  we  have  4.8  +  (1.4)(3.58)  ■■  0.24  sq.  in. 
effective,  and  we  found  above  that  8.12  sq.  in.  were  required  at  the  column  head  section. 

BxUrior  Panel. — In  case  the  exterior  pand  is  the  same  sise  as  the  interior,  for  which  the  design  above  is  shown- 
the  moment  at  the  first  intericnr  column  would  be  increased  by  20%  and  becomes  1,340,(XX)  X  1.2  »  1,610,000 
in.-lb.  To  resist  this  incressed  moment  the  depth  of  the  drop  or  the  width  must  be  increased.  For  the  sake 
of  uniformity,  it  is  good  practice  to  make  all  drops  the  same  size  and  to  let  all  other  interior  drops  be  governed 
by  the  liae  of  the  first  interior.    If  b  is  kept  6  ft.  0  in., 

d*  -  If^'^  -  107        d  -  12.92  in.,  say  18  in. 
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Th*  iiop  than  bewmBi  IS  +  3  - 
!«■■  (tael  to  ba  mad  ml  tha  eolumn  la 
»■  ihort  ban  ihould  ba  kvoidad. 

Na-  A.  at  m  iot  aolu=m  -  ^o_^Kl^W)^li)  "  "■"'•' 
il,  diraot  bawl  nonnal  to  wall  beoomoa  -  (I,a)(4.3)  ~  B.l  aq.  in.  —  H  —  H-la.  roond  b»n. 
A.  diMOiwI  bum  iotlieeiUrior  Pamela  -  (1.2)(3.4S)-1.14  -  31  -  H-in- nxud  roda. 
If  we  tharatare  buid  up  >II  ban  to  tap  of  ilab  at  Iba  tat  tntarioT  aolnnui  from     la  eitorira  apan,  w  bava 
B.1  +  (1.4)(4.1)  -  ID.Baq.  in.  whioh  ii  aatlataatocy.    SInoa  the  moment  ia  the  aama  oa  aaoh  aids  at  the  eolunin 
th*  eitra  ban  in  tha  eitarloi  panel  miut  oaotlnue  paat  Che  lint  latarior  oolumn  to  the  quarter  point  of  the 
next  ap«n.    Thia  ia  abown  In  diacram,  Fig.  tW. 


The  A.  C.  I.  tidiDc  apadfiea  a  bendini  momaat  at  the  solum 

.teel.hiehmo.tbaptovid«itor«i.tU.en.™ent«™.thto«K.tion-  j5^55^^^-4.0««,.in.  W.hare 
avaiiabia,  B.1  +  (1.4)(4.t)  -  10.8  »q.  in.  whkh  ia  nore  than  ia  reqnired.  It  ia  good  praetiM  to  allow  about  ona- 
balf  tha  tian  Ib  Iba  aiterlor  direct  band  to  pan  through  In  the  botton  of  tbe  alab,  and  tba  otbci  half  to  be  bant  up 
to  top  of  alab.  Tha  moment  whioh  thia  atni  ii  rcaiatiag  oooura  at  the  edge  of  the  eolumn  capital  and  the  dialanoe 
from  a  ia  point  to  tha  and  of  tba  iian  ia  uf  uaHy  ample  to  dardop  10,000  lb.  in  the  iteel  In  bond.  It  lo,  however, 
good  practiea  to  band  the  enda  of  aome  of  the  ban  down  into  tha  eolumn  or  beam. 

Now  the  momant  In  a  dir«tian  normal  to  tbii  ia  one-half  tha  momant  of  an  interior  oolumn  head  aeetlon,  ainoe 
there  eiiaM  but  one-hall  a  antioD  along  tha  waU.  Thrrefore,  the  eap  and  drop  eonatructlon  will  ba  aimilar  to  that 
need  at  an  interior  column.  Tbe  atari  required  at  thia  aaction  -  4,00  aq.  in.  We  have  available  3. 16  +  (0.7)(4.1) 
—  G.03  aq.  In.  So  aa  to  provide  (oScient  imbedment  to  develop  tha  ban  in  the  exterior  diagonal  banda,  it  ia  gen- 
erally adviuble  to  continue  the  enda  of  the  ban  along  the  wall  a  ehott  distance.  Tha  ated  arrangameDt  for  thia 
dnign  ia  abown  in  Fig.  130.  Note  that  one-half  of  the  ban  In  aaoh  band  only  are  broken  at  each  cidumn.  Tbii  It 
a  reeommaodatlon  of  the  A.  C.  I. 

Cchiim  ifaawnte. — The  ruling  ipacifiH  a  bending  moment  of  D.033ii>ili(Ii  -  «c)>  tor  Inlarior  columna.  Id  thia 
eaaa  M  -  O.OlSSteiK  -  (0.0 198)  (300)  (20)  •(12]  -  4S«,000  in.-lb.  Toivatory  Interim  eidumna  ahould  be  daalBned 
[or  thia  moment  eambined  with  the  direct  load.  The  lower-atory  oolumna,  if  of  equal  aiie  above  and  below  the 
floor  cooaidered,  ahould  ba  dsBgnad  for  hall  of  thia  moment.  If  of  different  liKS,  the  tnoment  ehould  be  divided 
directly  aa  tbe  atilfnHB  of  tba  columna.  I.e.,  in  proportion  to  the  value  r  for  each  column,  where  /  ia  the  momant 
of  inertia  and  A  tha  height  of  the  column,     Simllarlv  the  eiterior  wdumn  moment 

It  -  OOlSSioi*  -  «l.01i8)(41B)'ta)»(13)  >  820,000 in.-lb. 
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must  be  proyided  for.  Note  particularly  that  the  A.  C.  I.  ruling  allows  an  extreme  fiber  atreaa  oombinins  dirael 
load  and  bending  60  %  greater  than  the  ctirect  strew  allowed  for  columns.  While  no  ruling  or  ordinance  im  dii- 
tincton  this  point,  it  is  the  writer's  opinion  that  in  designing  columns  for  direct  load  and  bending,  the  entire  concrete 
section  may  be  considered.  His  reason  for  this  is  the  fact  that  we  are  not  required  to  deduct  any  portion  of  the 
concrete  in  a  beam  in  designing  for  negative  bending  and  the  lower  side  of  a  beam  at  the  supports  10  just  as  liable  to 
damage  from  fire  as  is  the  column  it  rests  upon. 

92.  Example  of  Design — Cap  Construction,  Four-way  Arrangement — In  the  previous 

example  the  design  was  accompanied  by  many  explanations  but  m  this  case  these  will  be 
eliminated,  as  they  would  simply  be  repetition.  Take  a  panel  20  X  22  ft.  for  a  live  load  of 
100  lb.  per  sq.ft.  with  a  maple  floor  finish  laid  on  sleepers  with  a  cinder  concrete  fill  between. 

Live  load  -  100  t  -  0.02L'\/w  +  1  -  (0.02)(21)(V2i2)  +  1  -  7.4  in. 

Floor  finish  -    20  I  not  less  than  L/32  >-  7.85  in. 

'  Dead  load  -  112  Column  cap  -  (0.225)(21}  -  4  ft  0  in. 

10  -  232  lb. 
M  -  eolumn  head  section  -  0.0286to{i  X  fit  "  (0.0286)(232)(20)(22)s(12)  (in.-lb.) 

dt       (00286)  (232)  (20)  (22)  «(12)  ^       «Qn■ 

C134)(0.5)(20)(12)  "  *'•**•  *"  "  ^-^  "^ 

t  required  -•  6.9  +  1  +  1  (4  layers  of  steel).     Use  0-in.  slab. 

d  at  column  head  section  -■0  —  2        •-  7  in. 

d  at  mid-section  and  outer  section  >-  9  —  1.25  »  7.75  in. 

d  at  inner  section  »  9  —  1 . 5    —7.5    in. 

„         .  ^      ,  0.25W        (0.25)  (232)  (20)  (22)       «^  ,. 

Max.  shear  at  column  ^  -^ (120)(0.86)(7)       "  35  lb.  per  sq.  in. 

^       ,.        .  ^      ,  (232)  (440  -  17.7)  (1.25)       ^„ ,. 

Punching  shear  at  column  -  (y)(57)(7)    "  ®  ^^  "***  "** 

From  this  we  find  that  9-^in.  slab  satisfies  the  shear  requirements. 

^      *      ,  u     J       *•  f         (0.0286)  (232)  (20)  (22)  «(12)       ^  ^^ 

Ab  at  column  head  section  across  span  2s (0  86)  (16  000)  (7^    —    "  ^'  "** 

J      *      1          u     J       *.                            ,         (0.0286)  (232)  (22)  (20)  «(12)       „  „„        . 
A,  at  column  head  section  across  span  2i inoa^,',a^^r',\  — '  ■"  7.22  sq.  in. 

^U.oOH^OiOOU)  (7) 
^      *      *           *•                            ,        (0.0142)(232)(20)(22)«(12)       ^^  ,„       w  .  .       - 

A»  at  outer  secUon  across  span  h  -  (0  86)  (16  000)  (7  75)       "        ^'  '°'  "  ^®  ""  ^'^'  "^^nd  roda. 

^      *      *           *•                            f        (0.0142) (232) (22) (20) «(12)       ,  „^        .  ,„       ,^  .  ,       . 

A»  at  outer  section  acroes  span  U  -  (0~86)(16  000)(7  75)        *  ■^'  ^^'  "  ^^  ~  ^'^'  «>««!  «>da 

^     *.  *•      u*i.j-      *■  (0.0142((232)(21)(21)«(12)        «„ 

^.atinnersection both  directions  -         (o.86) (16.000) (7.5)         "  ^'^'^  "»' 

3  53 
Ai  each  diagonial  band  —  -^  —  2.52  >-  13  —  ^i-in.  round  rods. 

1.4 

If  all  bars  are  bent  up  to  top  of  slab  at  column,  the  steel  we  have  available  across  span  It  ■>  3.6  +  3.53-  >■  7.13 
sq.  in.  The  steel  lequired  —  7.95  sq.  in.  We  must  therefore  provide  7.95  —  7.13  •-  0.82  sq.  in.  or  4  —  H-i>L 
round  ban  extra.  The  steel  available  acroes  h  —  3.27  -+  3.53  -•  6.8  sq.  in.,  and  we  require  7.22  sq.  in.  We  mwt 
therefore  provide  in  this  direction  0.42  sq.  in.  For  the  sake  of  uniformity  we  will  add  4  —  H-in«  round  bars  in  each 
direction  and  these  bars  will  be  made  11  ft.  0  in.  in  length. 

The  exterior  panels  and  the  bending  moments  in  the  c(^umn  will  be  found  and  treated  in  a  manner  similar  to 
the  case  where  drop  construction  was  used.  It  must  be  borne  in  mind,  however,  that  the  bending  moment  at  the 
first  row  of  interior  columns  will  have  to  be  increased  acroes  the  section  parallel  to  the  wall.  Since  we  must  main- 
tain the  same  thickness  of  slab,  namely,  9  in.,  it  will  be  necessary  to  introduce  compression  sted  in  this  direction 
provided  the  exterior  span  is  the  same  as  the  interior  It  is  convenient  where  the  layout  permits,  to  slightly  reduce 
the  exterior  span  so  that  the  moment  at  the  first  interior  column  head  section  is  the  same  as  the  others.  This  has 
been  done  in  Fig.  129  which  is  a  plan  of  this  design. 

93.  Example  of  Design  Where  Neither  Drop  nor  Cap  Are  Used. — It  will  have  been  noted 
that  a  smaller  percentage  of  the  total  bending  moment  was  used  at  the  column  head  section 
in  the  case  of  cap  construction  than  in  the  case  of  drop  construction.  This  is  on  accoimt  of  the 
tact  that  drop  construction  is  slightly  stiffer  than  cap  construction  at  the  supports.  Now 
if  in  addition  we  eliminate  the  capital,  we  have  still  a  smaller  amount  of  stiffness  at  the  column 
section.  Accordingly,  a  slightly  smaller  percentage  of  the  total  moment  may  be  used  at  the 
column  head  section.  A  satisfactory  distribution  of  momenta  for  the  four-way  arrangement 
is  shown  in  Fig.  128.  Square  columns  are  generally  used  in  this  design,  as  partitions  fit  up  to 
them  better  than  other  shapes.  The  writer  has  found  that  a  square  column  having  a  size  of 
0.1  IL  usually  proves  economical  and  satisfactory.    The  bending  moment  coefficients  shown  in 
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Fig.  128  for  this  daas  of  design  are  based  on  tiiis  value.  Designers  will  find  it  eoonomical  to 
mAJntain  the  same  siae  of  columns  for  a  number  of  stories  in  this  design.  In  most  cases  of 
<lesig:ns  of  this  class,  the  writer  has  maintained  one  sise  of  column  throughout  the  structure, 
simply  varying  the  mix  and  steel  for  the  increased  loads.  Take  a  panel  16  ft.  square  for  a  live 
load  of  501b.  per  sq.ft.|  a  partition  load  of  25  lb.,  plaster  ceiling,  and  cement  finish  13^  in.  thick. 

I1/32  -  6_in. 

0.02L\/ip  4-  1  -  6.35  in. 


liireloAd 

->    50 

Pftrtitioiu 

-    25 

FlMter  ceUing 

-      8 

Cement  finish 

-    18 

Dead  lo«d  (7-in.  aUb)    -    88 

189  lb. 

Minimum  oolamn  sise  —  (0.11)(16)  *  20  in.  iquare.  We  wiil  use  22  in.  equare  as  it  will  be  found  later  that  this 
aise  is  neoenary  on  account  of  punching  shear. 

Fireproofing  bdow  steel  »  1  in. 

Fireproofing  above  steel  ■«  H  in*  (Note  cement  finish  above  the  structural  slab). 

d  at  column  head  section  >-  7-H~l^              ■"  5.75  in. 

d  at  outer  section  —  7-1-Hs              •■  5.80  in. 

d  at  mid-section  '' 7-H-H*           -6.30  in. 

d  at  inner  section  -  7-1-H                -  5. 62  in. 

M  —  column  head  section  -  0.0302u;/i  X  It* 

-  (0.0302)a89)(16)(16)'(12)  -  278,000  in.-lb. 

Had  this  design  been  for  cap  construction,  the  diameter  of  the  cap  would  have  been  about  0.225L,  or  8.6  ft.,  and  h 
used  in  the  resistingmoment  at  the  column  head  section  would  have  been  Zr/2,  or  8  ft.  In  this  ease  we  have  a 
column  1.8  ft.  in  width  and  we  should  therefore  use  a  width  of  beam  i-  8.00  —  (3.6  —  1.8)  »  6.2  ft.,  or  74  in. 

Another  good  rule  is  to  limit  h  to  the  width  of  the  oolumn  plus  %t.    In  this  case  we  woiild  have  22  +  56  •-  78 

278  000 
in.     In  this  case  we  will  use  the  smaller  value,  namely,  74  in.    At  the  column  head  section,  then  d*  -■  .\9A\iiA\ 

*  28.0  in.  and  d  -■  5.28  in.,  so  the  7-in.  slab  assumed  above  is  satisfactory. 

Qu         *      1               0.25tp       (0.25)(189)(16)(16)        „  ,.  , 

Shear  at  column  -  -^^^ (74X0.86)  (5.75)      "  33  lb.  per  sq.  in. 

„       ..        .  (189)(256  -  3)(1.25)       „„ ,. 

Punching  shear  —  UU22U5  75> "US  lb.  per  sq.  m. 

The  7-in.  slab  is  satisfactory  for  shear. 

278  000 
A.  at  column  head  section  -  (0.86)(16:000)(5.75)    "  ^'^^  ■^-  *'*• 

A     ^      A       *•  (0.091)(189)(16)»(12)       _  --        .  o       ,.  .  .  _.. 

A.  at  midH^ction  -    (o.86)  (16.000)  (6.3)     "  ^  ®*  *^- 1^,  "  »  "  «-»n.  round  rods. 

^      *       *  ^x  (0.182)(189)(16)«(12)        o,o         .  on        az  •  -i    ^ 

A.  at  outer  «>ction  -     (o.86)  (16,000)  (5.8)     "  ^^^  "^-  «'  -  ^0  -  H-m.  round  rods. 

A     .♦  Jnn«,  .^4««   -     (0.182)(189)(16)>(12)    _   2  1«  «,    Sn 

A.  at  mner  section  -    (o.86)  (16,000)  (5.62)    "  ^'^^  "^- '°- 

2  18 
A»  each  diagonal  band  •-  —-r  >-  1.56  sq.  in.  —  14  —  f^-in.  round  rods. 

1.4 

We  have  available  at  the  column  head  section,  2.12  +  2.18  »  4.30  sq.  in.,  where  we  require  3.52  sq.  in.  provided 
aU  the  bars  are  raised  to  the  top  of  the  slab  at  the  column.  It  would  be  good  policy,  however,  to  run  the  excess 
steel,  t.e.,  4.30  —  3.52  —  0.78  sq.  in.  or  7  —  %-in.  round  bars  in  the  direct  band,  through  in  the  bottom  of  the  slab 
and  raise  the  remaining  13  bars  at  the  column. 

The  exterior  panel  may  be  designed  in  a  manner  similar  to  that  given  under  drop  construction.  In  this  case, 
as  in  the  case  of  cap  construction,  it  is  dosirable  where  the  layout  permits  to  decrease  the  aise  of  the  exterior  panel. 
Unless  this  can  be  done  it  will  usually  be  necessary  to  determine  the  slab  thickness  by  using  the  bending  moment 
for  the  column  head  section  which  applies  to  the  first  interior  columns.  Where  relatively  thin  slabs  are  used,  as  in 
this  case,  compressive  reinforcement  to  provide  the  increased  resisting  moment  necessary  at  the  first  row  of  interior 
columns  is  very  inefficient.  In  the  above  case,  the  moment  at  the  first  tier  of  interior  columns  is  such  that  a  depth 
of  5.8  in.  is  required.  We  have  practically  this  depth  available  due  to  the  fact  that  punching  shear  goverped  the 
slab  thickness.  In  cases  where  the  increased  moment  warrants  the  addition  of  compression  steel  or  increased  slab 
thickness  at  the  first  interior  tier,  increasing  the  slab  will  usually  be  found  to  be  the  most  economical.  Fig.  129  is  a 
plan  of  this  design. 

Other  arrangements  of  steel,  such  as  the  two-way  or  combinations  of  two  and  four-way,  should  be  treated  in  the 
same  manner  as  the  above    .Some  of  the  systems  of  reinforcing  prefer  slightly  different  distributions  of  the  total 
bending  moments  from  those  shown  in  Fig.  128.     The  distribution  shown  will,  however,  give  satisfactory  results. 
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94.  Constroction  in  Which  Brick  Bearing  Walls  are  Used  Instead  of  Exterior  Columns.— 
This  class  of  support  for  flat  slab  construction  should  be  avoided  by  engineers  wherever  possible. 
In  the  case  of  relatively  short  spans  it  can  usually  be  relied  upon  to  give  satisfactory  results. 
Engineers  who  have  not  had  extensive  experience  in  the  design  of  flat  slab  construction  would, 
however,  be  wise  to  avoid  its  design.  Neither  the  Joint  Committee  nor  the  American  Concrete 
Institute  make  any  recommendations  covering  the  design  of  these  exterior  panels.  Flat  slab 
construction  relies  to  a  marked  extent  upon  the  stiffness  of  the  exterior  columns  to  prevent 
undue  deflection  in  the  exterior  panels.  If  brick  walls  are  used  for  the  exterior  support,  this 
restraining  action  is  practically  eliminated  and  the  slab  itself  must  therefore  be  stiffened  up. 
The  Chicago  Code  specifies  that  the  positive  moments  in  these  wall  panels  shall  be  increased  to 
50  %  in  excess  of  those  used  for  interior  panels — ^it  does  not,  however,  specify  that  the  slab 
thickness  must  be  increased.  The  Chicago  Code  formula  for  minimum  slab  thickness  is 
t  a  O.O23L\/t0*  The  minimum  slab  thickness  used  for  wall  bearing  construction  should  be 
0.025LV^  +  h  where  L  is  in  feet  and  the  result  in  inches.  It  would  also  be  well  to  increase 
the  minimum  thickness  to  about  L/28  for  both  floors  and  roofs. 


Pilasters  with  aubatantial  corbels  on  line  with  the  interior  columns  should  be  used  in  the  wall.  The  total 
and  wall  thickness  should  be  at  I<UMt  equal  to  the  minimum  sise  of  column  permitted  (L/12)  plus  4  in.  The  width 
of  pilaster  should  be  at  least  equal  to  the  thickness  of  the  wall  and  pilaster.  The  corbel  should  have  a  vertical 
depth  of  at  least  two  courses  before  the  offsets  begin.  The  corbel  projection  should  be  determined  in  the  same  waj 
as  that  of  a  column  cap  for  the  same  length  of  span.  It  will  be  found  that  the  brick  wall  will  be  subjected  to  some 
bending  in  a  similar  manner  to  a  concrete  colunm.  The  amount  of  thb  bending  will  probably  be  less  than  that 
occurring  in  a  concrete  column.  It  is  well,  however,  to  make  an  investigation  of  the  stresses  occurring  in  the 
pilaster  by  combining  the  direct  load  with  the  bending  moment  given  previously  for  exterior  columns.  The 
pilaster  sise  used  should  be  such  that  little  or  no  tension  is  found  upon  combining  the  direct  load  and  bending,  and 
also  that  the  maximum  compression  is  within  that  allowable  upon  the  kind  of  brickwork  used. 

96.  Rectangular  Panels,^ — Hat  slab  construction  proves  most  economical  in  panels  which 
are  approximately  square  and  engineers  should  endeavor  to  make  their  layouts  accordingly. 
Most  codes  and  rulings  provide  that  the  methods  of  analysis  given  are  limited  to  panels  in 
which  the  long  side  is  not  greater  than  1.33  times  the  short  side.  It  has  been  the  writer's 
practice  in  cases  where  this  proportion  was  exceeded  to  a  slight  extent,  to  increase  the  length  of 
the  short  side  for  design  purposes  only  so  that  this  proportion  of  spans  was  maintained.  Thus, 
a  panel  20  X  28  ft.  would  be  treated  in  the  design  as  if  it  were  a  panel  21  X  28  ft.  It  will  be 
noted  by  referring  to  the  total  bending  moment  formula  given  previously  that  the  moment 
in  any  band  is  a  function  of  the  total  panel  load  times  the  first  power  of  its  span.  This  form  of 
moment  equation  is  recommended  by  both  the  Joint  Committee  and  the  American  Concrete 
Institute.  In  some  of  the  older  building  codes  the  bending  moment  in  a  band  is  a  function  of 
the  load  per  square  foot  times  the  cube  of  the  span  of  the  band.  It  will  be  found  upon  examin- 
ing this  method  that  the  moment  in  a  band  running  in  the  long  direction  of  the  panel  is  exactly 
the  same  as  that  in  a  square  panel  of  the  same  span.  In  the  21  X  28-ft.  panel  referred  to 
above,  under  this  method  of  analysis,  we  would  have  the  same  moment  in  the  band  running 
in  the  28-ft.  direction  that  we  would  have  in  a  panel  28  X  28  ft.  This  is  obviously  incorrect 
for  the  width  of  the  panel  would  only  be  21  ft.  and  not  28  ft.  In  order  to  insure  that  sufficient 
reinforcement  is  introduced  in  the  short  span  direct  band,  the  code  usually  further  requires 
that  the  steel  in  that  direction  shall  not  be  less  than  75  %  of  the  steel  in  the  long  span  direction. 

Most  codes  and  rulings  allow  panels,  in  which  the  long  side  is  not  more  than  1.05  times  the  short  side,  to  be 
treated  as  square  panels  having  a  span  equal  to  the  mean  of  the  length  of  the  two  panel  sides. 

The  drop  panel  in  rectangular  panels  should  be  made  rectangular  since  with  this  arrangement  we  tend  to  stiffen 
up  the  slab  on  the  long  span.  Thus,  in  a  panel  21  X  28  ft.,  the  drop  panel  would  be  about  6  ft.  6  in.  X  8  ft.  8  in., 
the  width  and  length  both  being  directly  proportionate  to  the  width  and  length  of  the  panel. 

96.  Unequal  Adjoining  Spans. — In  flat  slab  construction,  as  in  any  form  of  design  where 
we  have  continuity  over  a  number  of  unequal  spans,  the  correct  bending  moments  must  be 
obtained  by  applsring  the  Theorem  of  Three  Moments.  In  flat  slab  construction  since  the 
moments  used  are  empirical  we  cannot  apply  the  theorem  directly  but  must  increase  or  de- 
crease the  bending  moment  coefficients  used  for  equal  spans  by  applying  certain  factors  to 
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these  moments.    The  following  is  a  method  of  applying  the  Theorem  of  Three  Moments  and 
obtaining  the  factors  referred  to  for  the  case  shown  in  Fig.  130. 

Id  thu  layout  we  have  a  series  of  pcuieb  20  ft.  in  length  and  varying  from  16  to  26  ft.  in  width.  While  the 
arransement  is  somewhat  irregular,  it  will  be  noted  that  the  length  of  the  panels  is  in  no  case  greater  than  1.33  times 
the  breadth.  We  will  assume  that  drop  construction  is  to  be  used  and  that  the  column  caps  are  0.225L  in  diameter. 
The  banding  moment  coefficient  for  unif<nrm  spans,  then,  wiU  be  as  shown  in  Fig.  128.     As  explained  previously 


iWi  "*  H^  for  interior  column  head  section 

-  0.0168ttrfi  X  ««»  -  (0.0168)(tt)(X)(ri)> 
or  per  foot  of  width  «  O.O16i07*i* 


(1) 


f"T-f 7Z f     n     f      M.      If      Hr 

L— 5 — i g         ,1.     r, i 5 1 H 


FiQ.  130. 


Now  applying  dapeyron's  theorem,  we  have 

M,Tt  +  2M»{,Tt  +  r«)  +  lf4ri- 
MtTt  4-  2Af4(r$  +  Ti)  +  JilkT*  - 
MaTa  +  2MtiT4  +  r.)  +  M%T%  - 


-wiTi* 

-f  r,») 

4 

-f  r.») 

4 

4-  T**) 

4 

-f  n«) 

(3) 
(3) 
(4) 
(6) 


Now  substituting  in  these  equations  for  Ti,  Tt,  etc.,  we  have  values  per  foot  width  in  the  direction  of  span  X  as 
follows: 

Equation  (1)  becomes  Mi  «  —        4.3to 

(2).becomes  82Jlffl  +  25M»  -  -  4861. Oto 

(3)  becomes  26Afa  +  82Afs  +  16J>4  -  -  4930. 2t0 

(4)  becomes  IdAft  +  72M4  +  20Af »  -  -  3024     w 

(5)  becomes  201f «  +  881f »  -  -  3024     w 

Solving  these  simultaneous  equations: 

Af  -  -  4.3w 
Mf-  46.810 
if  I  -  -  41to 

Now  find  the  positive  moments  iSTi,  Nt,  etc.,  as  foUows: 

Ni  -  6.47ir 
Nt  ->  34.23V 

The  quantities  Mi,  M%,  etc.,  and  Ni,  Nt,  etc.,  are  the  bending  moments  per  foot  of  width  at  their  respective  points 
shown  in  the  diagram  and  are  for  one-way  construction.  Now,  if  we  obtain  a  value  for  Ni  similarly  to  the  above 
but  for  a  series  of  spans  equal  to  7*x,  and  also  a  value  for  Nt  for  a  series  of  spans  Tt,  etc.,  and  designate  these  values 
by  Qi,  Qt,  etc.,  we  can  by  dividing  Ni  by  Qi,  Nt  by  Qs,  etc.,  obtain  factors  Ctt  Ct,  etc.,  which  are  the  coefficients 


Jfi-  -  24. Qw 

Mg^  -  28.610  -  At  • 


i^Ti  -  -  0.951S 


N4 

Ng 


23.2610 
3.4010 


442  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  »-96 

giving  the  influence  of  the  adjoining  unequal  epans  upon  the  bending  moments  for  equal  apans.  By  Bolvins  9qvar 
tions  (1)  to  (5)  for  equal  spans  and  writing  Qi,  Qt,  eto.,  for  Nu  -A^s*  etc.,  we  find 

Qi  -  O.OQQwTi*  -  O.Oeev  X  16«  -  16 .9w 
Qi  -  0 .035wTt*  -  0 .035ui  X  25*  <-  21 .8w 
Q»  -  0.043u>rs>  -  0.04310  X  16>  -  ll.Oto 
Q*  -  0.041ii7r4>  -  0.04110  X  20>  <-  16 .4w 
Qf  -  0.042ior«>  -  0.04210  X  16<  -  lO.Sio 

Now   C.-:^'-f^ -0.384 
Qi       I6.O10 

^        Nt       34.2310        ,  -_ 

e. .  ^  -  ^0:5^  _  _  0.09 

Q»  II.O10 

C.  -  ^  -  ?5:^  -  1  42 
^'       04  16.4        ^-^^ 

JV»         3.4io 
Cio  —  -^r  —    -^p      —  0.316 
Qi    .  10.810 

By  means  of  these  coefficients  we  may  determine  the  correct  moments  across  the  spans  7*i,  7*t,  etc.,  for  the  inner  aiul 
outer  sections.     Take  the  outer  section  in  span  Ti.     By  referring  to  Fig.  128  we  find  that  on  this  section 

M  "•  O.0118io2ili<,  which  in  this  case 

i*  O.OllSioXTi'  X  1 .2  for  an  exterior  panel  with  equal  spans  adjoining. 

«  0.0118ioXri>  X  Cs  X  1 .2  for  unequal  panels. 

-  (0.0118)(io)(20)(16)«(0.384)(1.2)  in  this  case.  (ft.-]b.) 

Similarly  across  7*i  we  find  in  this  ease 

Af-  (0.0118)(io)(20)(25)«(1.67)  (ft.-lb.) 

and  Aoross  T»  we  find 

M  -  (0.0118)(io)(20)(16)«(-  0.09)  (ft.-lb.) 

Note  particularly  that  the  coefficient  C%  is  negative  and  that  in  consequence  we  have  a  negative  moment  at  the  inner 
and  outer  sections  aorous  T$. 

The  Theorem  of  Three  Moments  assumes  Icnife  edge  supports  at  the  columns.  While  this  is  not  strictly  correct 
the  assumption  will  give  slightly  higher  moments  in  the  slab  on  the  side  of  the  column  adjoining  the  short  span  than 
actually  occur.     The  bending  moment  occurring  in  the  column  will  be  taken  up  later. 

We  previously  found  numerical  values  for  Af  1,  Aft,  etc.  for  the  negative  moments,  considering  one-way  eonrtror- 
tion  for  the  arrangement  of  spans  shown.  By  solving  equations  (1)  to  (5)  we  may  also  obtain  numerical  value  for 
these  moments  for  a  series  of  equal  spans.  For  these  negative  moments  we  will  write  Pi,  Pi,  etc.  Then  by  dividing 
Afi  by  Pi,  Afi  by  Pi,  etc.,  we  will  obtain  coefficients  Ci,  Ca,  etc.,  which  are  measures  of  the  influence  of  the  unequal 
spans  upon  the  negative  moments. 

In  obtaining  the  numerical  values  of  Afi  and  Pi,  it  is  immaterial  whether  we  use  the  span  length  of  7*1  or  Ti. 
provided  in  our  calculations  for  the  moments  occurring  in  the  construction,  we  use  the  same  value  for  It  in  the 
equation  M  -•  O.OSSOiotiZi*. 

The  best  method  is  to  use  in  all  calculations  a  span  equal  to  the  mean  of  the  spans  adjoining  the  column  at  which 

the  negative  moment  is  being  calculated. 

The  moment  Aft  is  not  effected  by  the  unequal  span  arrangement  and  in  consequence  Ci  is  unity. 

Ti  -f  Ti                Ts  -f  Ti 
Solving  equations  (1)  to  (6)  for  a  series  of  spans  of « 'o'  Pi* o '®'  ^''  *'*'"'  ^*  !**▼« 

Pi  -  -  0.0168iori«  -  (  -  0.0168) (10) (16)«  -  -  4.3to 

Pi  -  -  0.101to  (p-^-^y  -  (-  0.101)  (to)  (20.5)  •  -  -  42.6io 

Pt  -  -  0.07910  (^'  ^  ^*)*  -  (-  0.079)(io)(20.6)«  -  -  33.3io 

P4  -  -  O.O8610  (^'  ^  ^-V  -  (-  0.086) (10) (18) «  -  -  27.5to 

P»  -  -  0.08310  (^*  ^  '^*y  -  -  (0.083) (10) (18) «  -  -  26.9io 

C,  .  :^  -  =^  -  1  C.  .  1.23 

Pi        —  4.3io 

Ml       -  46.810  Ci  -  0.9 

^*  "   Pi  "  -  42.510  "  ^  Ci    =1.06 

By  means  of  these  coefficients  we  may  determine  the  correct  moments  at  the  column  head  and  mid-eectiona  across 
the  series  of  spans  Tu  7*i,  etc.  Take  the  column  head  section  between  spans  T\  and  Tt.  By  referring  to  Fig.  138 
we  find  that  on  this  section 

M  "-  0.0336to{i2i*  which  in  this  case 

-  (0.0336) (10) (X)  (p-^^y  X  1.2  for  an  exterior  panel  with  spans  (^'  ^  ^*) 
adjoining. 

-  (0.0336) (10) (X)  (^*  ^  ^')*  X  1.2  X  Cifor  unequal  spans 

-  (0.0336)(io)(20)(20.5)s(1.2)(l.l)  in  this  case.  (ft.-lb.) 
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Similarly  at  odumn  head  aeotion  between  bpan  Tt  and  Ts,  we  have  in  this  case 

M  -  C0.0336)(ti;)(20)(20.5)«(1.23)  •    (ft.-lb.) 

Prooeeding  as  above,  the  moments  oceurrinc  in  the  slab  at  all  sections  aoross  the  span  Ti,  Ts,  Ts,  etc.,  may  be  de- 
termined. The  moments  at  right  angles  to  these  wUl  be  entirely  unaffected  by  the  inequality  of  the  spans  Ti, 
Tt,  etc.  and  may  be  obtained  in  the  usual  manner.  The  design  may  then  be  treated  in  the  usual  way.  For  the  sake 
of  uniformity  in  the  construction,  the  maximum  slab  and  drop  thickness  should  be  determined  for  the  worst  cases 
of  bending  moment  and  panel  sise,  and  these  thicknesses  allowed  to  govern  in  all  oases.  The  dimensions  of  the 
drops  will  be  laid  out  from  the  column  center  lines  in  each  direction  and  the  projection  from  these  center  lines  made 
the  same  proportion  of  the  span  in  which  each  part  of  the  drop  occurs. 

In  this  analysis  it  will  probably  be  found  that  the  moment  at  the  inner  section  across  the  spans  Ti,  Tt,  etc.,  is 
not  the  same  as  that  found  across  the  span  X,  In  two-way  construction,  then,  the  steel  in  these  two  sections  will 
vary.  In  foui^way  construction  the  steel  used  in  each  diagonal  band  in  a  rectangular  panel  should  be  the  same. 
The  designer  will,  therefore,  take  the  mean  of  the  two  bending  moments  obtained  aoross  the  inner  sections  in  cal- 
culating the  steel  required  in  each  diagonal  band. 

By  following  the  methods  of  examples  given  above,  all  of  the  moments  aoross  the  spans  7*1,  Tt,  etc.,  can  be 
found  without  doubt  arising  in  the  designer's  mind.  For  the  sake  of  entire  clearness,  a  few  examples  of  the  method 
of  obtaining  the  moments  across  the  spans  X  will  be  given.  Take  the  moment  S\  as  indicated  in  Fig.  130.  This 
moment  is  made  up  of  the  moments  in  two  half  outer  sections,  in  one  case  the  panel  width  being  25  ft.  and  in  the 
other  16  ft. — the  span  in  both  cases  being  20  ft.  Assuming  the  same  column  capital  proportion  shown  in  Fig.  128, 
we  have  for  drop  construction  M  for  half  outer  section  >-  O.O59t0li2's.     In  this  case 

Si  -  (0.060)(ti>)(ri)(X)«  +  (0.059)(tr)(r»)(X)« 

-  o.o69wX«(r«  +  r«) 


<-  0.118wX« 
Tz  +  Ti 


/Tt  +  Ti 


Similarly  St  -  0.llBwX*(-^ — ^),  Si  -  0.129ii>rjX«,  and  5*  -  0.l29wTiXy     The  negative  memento  at  the 

eolunm  head  and  mid-sections  may  be  found  in  the  same  manner. 

The  analysis  given  above  assumes  knife  edge  supporto  as  stated  previously.  This  means  that  if  we  have  uniform 
loading  throughout  the  structure,  there  will  be  no  bending  in  the  columns.  This  is  not  strictly  true,  but  the  de- 
parture of  the  momenta  obtained  under  this  method  of  analysis  from  the  precise  momento  is  not  sufficient  to  warrant 
the  application  of  the  extremely  laborious  calculation  necessary  if  the  method  or  slopes  and  deflections  were  to  be 
applied.  The  bending  oocurring  in  any  interior  column,  then,  will  be  that  due  to  any  entire  pan^  being  unloaded 
while  the  adjacent  panel  b  loaded  fully.  For  equal  adjoining  spans  the  A.  C.  I.  reoommends  the  use  of  the  for^ 
mula 

M  -  O.O22t0i2i({t  -  qe)* 

where  wi  is  the  live  load  per  square  foot.  Where  uneqiial  adjoining  panels  occur,  the  dead  load  momento  at  the 
column  do  not  cancel  each  other.  In  this  case,  therefore,  the  moment  in  the  column  between  spans  Ti  and  Tt  would 
become 

M  -  0.(i22wX(Tt  -  «c)«  -  0.022DX(ri  -  qc)H  . 

where  D  is  the  dead  load  per  square  foot  of  the  structure. 

The  moment  in  the  exterior  column  will  be  foimd  in  the  usual  way. 

97.  Openings. — Providing  for  openings  is  one  of  the  places  where  the  designer's  judgment 
and  experience  come  into  play.  In  general,  small  openings  may  be  placed  in  the  slab  in  the 
regions  of  the  outer  and  inner  sections  without  varying  the  design  in  any  way.  The  same  open- 
ing, however,  coidd  not  in  most  cases  be  introduced  within  the  area  occupied  by  the  drop  panel 
without  making  special  provisions  in  the  design.  Circular  openings  of  reasonable  diameter 
may  be  carried  through  the  eolunm  capital  at  the  location  of  sprinkler  risers,  downspouts,  etc., 
without  damage.  No  definite  rules  about  relatively  small  openings  can  be  laid  down;  it  is  all 
a  matter  of  judgment  and  experience. 

98.  Use  of  Beams. — Where  large  openings  occur  in  a  flatnslab  floor,  beams  must  be  used. 
In  some  cases  also  where  heavy  concentrated  loads  occur  it  is  advisable  to  introduce  beams. 
Beams  around  openings  must  be  designed  to  carry  the  loads  coming  upon  them  and  in  addition 
a  portion  of  floor  adjoining.  The  width  of  the  floor  strip  to  be  used  cannot  be  governed  by 
definite  rules.  The  engineer's  judgment  and  experience  must  be  relied  upon  in  this.  Where- 
ever  possible,  it  is  desirous  to  use  broad  flat  beams  of  depth  equal  to  the  depth  of  the  slab  and 
drop  panel.  Some  city  codes  require  that  spandrel  beams  be  designed  to  carry  a  portion  of 
the  floor  load  in  addition  to  the  weight  of  the  brick  spandrel^  Since  the  spandrel  beam  is 
usually  much  stiffer  than  the  adjoining  slab,  it  is  true  that  a  portion  of  the  floor  load  will  be 
carried  by  the  beam.  The  only  live  load  falling  upon  the  spandrel  beam  is  that  coming  from 
the  narrow  strip  of  floor  which  is  carried  by  the  beam.  This  is  generally  a  small  proportion 
of  the  total  load  on  the  beam.    Since  the  load  is  practically  all  dead  and  is  uniformly  distri- 
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WL 
buted,  the  positive  moment  for  an  interior  beam  approaches  -^'    We  are  bound  by  code, 

WL 
however,  to  figure  for  -ry  which  is  almost  twice  as  much.     Under  these  conditions,  then,  it  is 

satisfactory  to  design  spandrel  beams  to  carry  the  wall  load  only. 

99.  Capitals  at  Exterior  Columns. — Exterior  columns  are  usually  square  or  rect-angular 
and,  in  place  of  the  usual  half  capital,  a  bracket,  the  width  of  the  column,  is  used.  This  » 
good  and  safe  practice  where  reasonably  large  spandrel  beams  are  used.  Where  no  spandrel 
beams  are  used,  or  where  they  are  relatively  thin  or  shallow,  the  full  half  column  capital  should 
be  used. 

100.  Drop  at  Exterior  Column. — ^A  half  drop  panel  should  be  used  at  the  exterior  column 
in  practically  all  cases  where  drop  construction  is  used  at  the  interior  columns. 

101.  Omission  of  Spandrel  Beams.— ^In  particular  cases  as  in  cold  storage  buildings,  where 
the  enclosing  walls  are  built  as  independent  structures,  no  spanderl  beams  need  be  used.  In 
some  other  cases  the  beam  may  be  upturned  above  the  ceiling  either  forming  a  concrete  spandrel 
or  carrying  a  brick  spandrel.  In  factory  construction  it  will  usually  be  found  that  a  beam 
having  a  depth  equal  to  the  depth  of  the  slab  plus  the  drop  will  be  sufficient,  and  in  other  eases 
where  cap  construction  is  used  the  slab  alone  may  be  of  sufficient  depth. 

102.  Narrow  Buildings'. — The  bending  moments  given  in  the  A.C.I,  proposed  ruling  are 
for  structures  over  three  spans  in  width.  For  structures  of  less  width  the  moments  should  be 
increased  by  factors  obtained  by  comparing  the  actual  negative  and  positive  moments  applying 
in  one-way  construction  with  those  occurring  in  an  interior  span. 

103.  Minimum  Column  Size. — Neither  the  Joint  (Committee  nor  the  A.C.I,  rulings  provide 
a  minimum  column  size  as  a  function  of  the  span.  It  will  be  usually  found  that  if  the  bending 
moments  specified  for  columns  are  provided  for  that  a  column  having  a  diameter  or  least  size 
of  L/12  is  required.  It  is  good  practice  in  any  case,  however,  to  limit  the  minimum  column 
size  to  L/12. 

104.  Width  of  Bands. — In  four-way  construction  the  widths  of  the  bands  of  steel  are 
usually  made  O.iL.  In  rectangular  panels  where  the  width  is  much  less  than  the  length  of  the 
panel,  the  band  widths  should  be  made  proportionate  to  the  width  of  the  panel  and  not  a 
proportion  of  the  span  of  the  band.  Thus  in  a  panel  20  X  24  ft.  the  bands  spanning  the  24 
direction  should  be  8  ft.  wide.  In  two-way  construction,  the  bands  are  made  0.5L  in  width 
with  the  same  provision  as  above  for  rectangular  panels. 

106.  Slinds  of  Bars  to  Use. — Either  deformed  or  plain  bars  may  be  used  but  the  use  of 
square  twisted  bars  should  be  entirely  avoided.     A  round  bar  is  better  than  a  square  for  the 
reason  that  it  packs  better  at  the  column  and  also  that  the  concrete  will  flow  round  the  inter- 
secting bars  more  completely. 
106.  Construction  Notes. 

106a.  Pouring  Columns  and  Slabs. — If  it  is  convenient,  it  is  well  to  pour  the 
columns  including  the  capital  up  to  the  underside  of  the  drop  or  slab  before  placing  the  slab 
steel.  If  the  columns  are  to  be  poured  after  the  slab  steel  is  in  place,  they  should  be  filled  up 
to  the  top  of  the  capital  and  allowed  to  set  for  about  two  hours  before  the  slab  above  is  placed. 

1066.  Construction  Joints. — Construction  joints  should  be  made  at  the  c^it-er 
of  the  span  in  all  cases.  Bulkheads  should  be  set  up  to  form  vertical  joints  in  these  locations 
and  any  concrete  which  has  passed  under  the  bulkhead  running  out  to  a  feather  edge  should 
be  carefully  removed  before  pouring  the  next  section. 

106c  Supporting  and  Securing  Steel. — At  the  center  of  the  span  the  steel  should 
be  held  securely  in  place  at  the  correct  distance  above  the  forms  by  means  of  one  of  the  many 
devices  of  this  nature  now  on  the  market.  The  device  used  should  be  in  one  piece  for  each 
band  so  that  the  bars  may  be  securely  held  to  an  accurate  spacing.  Two  of  these  spacing  bars 
should  be  used  on  each  band  of  steel  in  the  region  of  the  mid  span.  At  the  column  head, 
spacing  bars  are  not  necessary  but  substantial  supporting  bars  should  be  used.  The  bars  must 
be  supported  at  the  correct  distance  above  the  form  work  and  while  many  metal  devices  for  this 
purpose  have  been  placed  on  the  market,  a  concrete  block  about  3  in.  square  serves  this  pur- 
.pose  in  the  most  satisfactory  manner.     The  supporting  bars  are  placed  just  outside  the  drop 
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panel  and  are  carried  on  three  of  these  blocks.  The  blocks  should  have  the  wires  imbedded  in 
the  top  to  wire  down  the  supporting  bars.  For  supporting  bars,  ^-in.  rounds  may  be  used 
for  spans  up  to  20  ft.,  ^-in.  bars  for  spans  between  20  and  25  ft.,  and  yi-^va,.  bars  for  spans 
between  25  and  30  ft.  One  more  block  about  ^-in.  higher  than  those  under  the  supporting 
bars  should  be  used  at  the  middle  of  the  other  sides  of  the  drop  panel  allowing  the  slab  steel  to 
rest  directly  upon  it.  The  steel  in  the  mid-sectioii  should  be  securely  supported  in  a  manner 
similar  to  the  steel  at  the  column  head  section. 

106d.  Placing  Steel. — The  A.C.I.  gives  a  formula  for  the  distance  from  the 
column  center  line  to  the  point  of  inflection  as  K  (^s  —  9c)  +  H^c  for  cap  construction  and  a 
distance  equal  to  ^iiU  —  qc)  +  H^  for  drop  construction.  In  a  square  panel  in  which  the 
diameter  of  column  cap  is  0.225L,  these  distances  become  0.25^]  and  0.3{|  respectively.  The 
steel  should  bend  down  to  the  bottom  of  the  slab  in  approximately  these  locations.  It  is  essen- 
tial  for  good  construction  that  the  negative  reinforcement  be  securely  supported  with  the  mini- 
mum cover  allowed  in  the  upper  part  of  the  slab  and  be  carried  out  parallel  to  the  top  of  the 
slab  to  approximately  the  line  of  inflexion.  Arrangements  of  steel  in  which  the  reinforcement 
droops  away  from  the  top  of  the  slab  and  is  some  distance  below  the  top  in  the  region  of  the 
line  of  inflexion  will  lead  to  unsatisfactory  results. 

106e«  Floor  Finish. — Satisfactory  results  from  a  structural  point  of  view  can 
be  obtained  by  either  applying  the  floor  finish  w  ith  the  slab  or  applying  it  after  the  main  slab  has 
set.  In  general,  however,  the  best  and  most  economical  results  can  be  obtained  by  finishing 
the  structural  slab  with  a  mixture  of  the  same  mortar  proportions  as  used  in  the  slab,  before 
the  slab  has  set. 

106/.  Future  Extensions. — Future  extensions  can  be  provided  for  by  introducing 
a  spandrel  beam  along  the  side  to  be  extended  and  leaving  in  the  upper  part  of  the  beam  a  seat 
about  6  in.  in  width  to  receive  the  new  slab.  Sufficient  steel  should  be  left  projecting  in  the  top 
of  the  slab  to  satisfy  the  moments  at  the  column  head  and  mid-«ections.  This  steel  should  be 
structural  grade  material.  It  should  project  beyond  the  edge  of  the  slab  about  80  diameters 
for  bond.  After  the  concrete  in  the  first  portion  of  the  building  has  set,  the  steel  may  be  bent 
up  and  enclosed  in  the  spandrel  wall.  The  usual  column  capital  should  be  built  on  the  columns 
projecting  out  for  the  future  extension  and  these  capitals  should  be  reinforced  with  bracket 
bars.  This  is  not  an  entirely  satisfactory  method  of  providing  for  future  extensions.  A  far 
better  method  is  to  build  the  foundation  only  to  allow  for  future  extension  and  construct  new 
independent  columns  to  support  the  extension  later  allowing  the  existing  columns  to  remain 
supporting  the  original  structure. 

Flat-blab  Floors — ^Amebican  Concrete  Institute  Rulinq 

/•  »  16,000;  fe  for  positive  moment  «  050;  /« for  negative  moment  »  750.    (See  Fig.  128  for 

distribution  of  moments) 
Interior  panel — Superimposed  load  100  lb.  per  sq.  ft. 


Panel  aise 
(feet) 

Capital 
diam- 
eter 

Siie  of  drop 
panel 

Depth 
of    slab 
(.inohee) 

Depth 
of  drop 
(inches) 

• 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

8teel  In. 

Ib.per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

Across 

direct 

(inches) 

16X16 

17X17 

18X18 

19X19 

30X20 

21X21 

22X22 

23X23 

24X24 

26X2(i 

26X26 

8'6" 
8'9" 
4'0" 
4'3" 
4'6" 
4'«" 
6'0" 
6'3" 
6'6" 
6'9" 
6'0" 

4'10"X4'10" 
6'  2"X6'  2" 
6'  6"X6'  6" 
5'  8"X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6*  8"X6'  8" 
7'  0"X7'  0" 
r  4"X7'  4" 
7'  6"X7'  6" 
7'10"xriO" 

6 

6H 

6K 

^yA 

7H 
8 

8K 

8K 
9 

9H 
9« 

2>i 
2H 

2H 
2H 

2« 
2H 

3H 
3H 

3H 

0.52 
0.56 
0.58 
0.62 
0.66 
0.09 
0.71 
0,76 
0.78 
0.82 
0.84 

14-H* 
16-H* 
18-H* 
21-H* 
13-H* 
15-H* 
16-H* 

18-H* 
20-H* 
22-H* 
24-H* 

11-H* 
13-H* 
15-H* 
16-H* 

11-H* 
12-H* 
13-H* 

16-H* 
18-H* 
19-H* 

8-H* 

9-H* 

10-H* 

11-H* 

7-H* 
8-H* 

9-H* 

10-H* 

ll-H* 

12-H* 
13-H* 

1.88 
2.00 
2.12 
2.22 
2.42 
2.58 
2.67 
2.77 
2.95 
3.14 
3.27 
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Interior  panel — Superimposed  load  150  lb.  per  sq.  ft. 


Steel  in  each  band 

Panel  else 
(feet) 

Capital 
diam- 
eter 

Siie  of  drop 
panel 

Depth 
of  slab 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Stoel     a 
Ib.peraq 

ft. 

Direct 

Diagonal 

AcroM 

(inches) 

(inches) 

(inches) 

■ 

16X16 

3'6" 

4' 10"  X  4' 10" 

6 

2H 

0.52 

18-H* 

15- W* 

10-H* 

2.42 

17X17 

3'9" 

5'  2"X5'  2" 

6H 

2H 

0.56 

20-H* 

16-H* 

ll'H* 

2.46 

18X18 

4'0" 

6'  6"X5'  6" 

6K 

3K 

0.59 

17-H6* 

14-H6* 

10-Hs* 

2.70 

19X19 

4'3" 

5'  8"X6'  8" 

7K 

3H 

0.63 

19-Hs* 

15-Hs* 

lO-Hs* 

2.76 

20X20 

4'6" 

6'  0"X6'  0" 

7H 

3H 

0.65 

17-H* 

13-H* 

»-H* 

2.98 

21X21 

4'9" 

6'  4"X6'  4" 

8 

3H 

0.69 

18-H* 

le-H* 

lO-H* 

3.16 

22X22 

6'0" 

6'  8"X6'  8" 

SH 

4 

0.72 

20-H* 

17-H* 

ii-H* 

3.36 

23X23 

6'3" 

7'  0"X7'  0" 

8K 

4 

0.76 

22-H* 

18-H* 

12-H* 

3.43 

24X24 

6'6" 

7'  4"X7'  4" 

9 

4K 

0.78 

24-H* 

20-M* 

14-H* 

3.63 

25X25 

6'9" 

7'  6"X7'  6" 

9H 

4H 

0.83 

27-H* 

22-H* 

16-H* 

3.S4 

26X26 

6'0" 

riO"X7'10" 

9H 

4^ 

0.85 

30-H* 

24-H* 

16-H* 

4.05 

Interior  panel — Superimposed  load  200  lb.  per  sq.  ft. 


Panel  sise 
(feet) 

Capital 
diam- 
eter 

Sise  of  drop 
panel 

Depth 
of    slab 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

steel     in 

Ib.per  sq. 

ft. 

Direct 

(inches) 

Diagonal 
(inches) 

Acron 

direct 

(inches) 

16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
25X25 
26X26 

3'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
6'3" 
5'6" 
5'9" 
6'0" 

4' 10"  X  4' 10" 
5'  2"X5'  2" 
5'  6"X5'  6" 
5'  8"X6'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
7'  0"X7'  0" 
7'  4"X7'  4" 
7'  6"X7'  6" 

rio"xrio" 

6H 

6^ 

7H 

7H 

8 

8K 

SH 

9H 

10 

10>i 

3 

4 

4 

4K 

4H 

4H 

5 

5 

5M 

0.57 
0.59 
0.63 
0.66 
0.70 
0.72 
0.76 
0.81 
0.83 
0.87 
0.92 

20-«* 

24-H* 

19-H6* 

22-Hs« 

19-H* 

21-H* 

23-H* 

25-H* 

28-^^ 

30-H* 

33.H* 

17-H0 

19-H0 

16-Hf 

IS-Ha* 

15-M* 

17-H* 

19-H* 

20-H* 

23-H* 

24-H* 

27-H* 

11-H* 

13-H* 

llHf* 

12-Hf* 

10-H* 

12-H* 

13-H* 

14-H* 

15-H0 

17-H* 

18-H* 

2.70 
2.90 
3.03 
3.22 
3.36 
3.60 
3.79 
3.85 
4.15 
4.22 
4.50 

Interior  panel — Superimposed  load  250  lb.  per  sq.  ft. 


I  Panel  sise 
(feet) 


Capital 
diam- 
eter 


Sise  of  drop 
panel 


Depth 
of    slab 
(inches) 


Depth 
of  drop 
(inches) 


Concrete 

in   cubic 

feet  per  sq. 

ft. 


Steel  in  each  band 


Direct 
(inches) 


Diagonal 
(inches) 


Across 

direct 

(inches) 


Steel  in 

Ib.per  sq. 

ft. 


16X16 

17X17 

18X18 

19>f:i9 

20)fC20 

21X21 

22X22 

23X23 

24X24- 

25X25 

26X26 


3'6" 
3*9" 
4'0"' 
4'3" 
4'6" 
4'9" 
5'0" 
5'3" 
5'6" 
5'9" 
6'0" 


4'10" 
5'  2" 
5'  6" 
5'  8" 
6'  0" 
6'  4" 
6'  8" 
7'  0" 
7'  4" 
7'  6" 
7' 10" 


X4'10" 
X5'  2" 
X5'  6" 
X5'  8" 
X6'  0" 
X6'  4" 
X6'  8" 
X7'  0" 
X7'  4" 
X7'  6" 
X7'10" 


7 

7H 

7H 

8H 
9 

9H 
10 

lOH 
11 

iiM 


3^ 

3H 
4 

4H 
4H 

4H 

4K 
5 
5 
6H 

5H 


61 
65 
68 
72 
74 
0.79 
0.83 
0.87 
0,91 
0.96 
0.98 


22-H* 

18-^60 

21-Hs« 

18-H* 

21-H* 

23-H^ 

25-H* 

27-H* 

30-H^ 

33-H^ 
36-H^ 


18-5^* 

12-«* 

15-^6* 

lO-Ha* 

17-Ks* 

12-Hs* 

15-H* 

10-H* 

17-H 

n-H* 

18-H* 

12-H* 

20-H* 

14-H* 

22-H* 

15-H0 

24-H* 

17-H* 

28-H* 

18-H* 

29-H* 

20-H* 

2.85 
3.04 
3.28 
3.48 
3.75 
8.84 
4.04 
4.20 
4.40 
4.80 
4.90 
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Interior  panel — Superimposed  load  300  lb.  per  sq.  ft. 


Panel  sise 
(feet) 

Capital 
diam- 
eter 

Sise  of  drop 
panel 

1 

Depth 
of  slab 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel  in 

lb.  per  sq. 

ft. 

Direct 

(inches) 

Diagonal 
(inches) 

Across 

dbect 

(inches) 

16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
25X25 
26X26 

3'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
5'3" 
5'6" 
5'9" 
6'0" 

4'10"X4'10" 
5'  2"X5'  2" 
6'  6"X5'  6" 
5'  8"X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
r  0"X7'  0" 

7'  4"xr  A" 

T  6"X7'  6" 
7'10"X7'10" 

7H 

8>i 
8^ 
9>i 
9^ 
10 

lOH 
11 

IIH 
12 

3^ 

4H 
5 

5H 

6H 
6H 
7 

0.66 
0.68 
0.72 
0.77 
0.81 
0.85 
0.88 
0.92 
0.96 
1.01 
1.05 

18-^6* 

16-H* 

18-H* 

2O-H0 
22-H* 
24-H* 
27-H* 

30-H* 

35-H* 
39-H* 

13-H* 
14-H* 
16-H* 

18-H* 
20-^« 

22-H* 
23-H* 
26.H* 
29-H* 
31-H* 

10-?<6* 

9-H* 
10-H* 
11-H« 
12-H* 
13-H* 

15-H* 
16-H* 
18-H* 
20-H* 
22-H* 

3  15 
3.48 
3.58 
3.76 
3.97 
4.12 
4.40 
4.50 
4.76 
5.00 
5.24 

Interior  panel — Superimposed  load  350  lb.  per  sq.  ft. 


Panel  sise 

(feet) 

Capital 
diam- 
eter 

Sixe  of  drop 
panel 

Depth 
of  slab 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel  in 

lb. per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

Across 

direct 

(inches) 

16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
25X25 
26X26 

8'6" 
8'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
5'3" 
5'6" 
5'9" 
6'0" 

4' 10"  X  4' 10" 
5'  2"X5'  2" 
5'6"  X5'  6" 
6'8"  X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
7'  0"X7'  0" 
7'  4"X7'  4" 
T  6"X7'  6" 
7'10"X7'10" 

8H 
8M 
9H 
9K 
lOH 

io?i 

ll>i 
11% 
12K 
125i 

4H 
5 

6% 
6 

6H 
6« 
7K 
7K 
8M 
8H 

0.68 
0.73 
0.77 
0.82 
0.86 
0.90 
0.95 
0.99 
1.04 
1.09 
1.13 

17->i« 
19-H* 
21-H* 
23-H* 
26-H* 
28-M« 
31-H* 
34-H* 
37-H* 
41-H* 

13-H* 
14-H* 
16-H* 
17-H* 
19-H* 

21-H* 
23rH* 
25-H* 
28-5^0 

30-H* 
33-H* 

8-H« 

10-H* 
11-M« 
13-H* 
14-H* 
16-H« 

18-H* 

19-H« 
21-H* 
22-H*. 

3.56 
3.68 
3.80 
3.97 
4.13 
4.40 
4.58 
4.80 
5.05 
5.22 
5.53 

In  these  panels  the  steel  is  lapped  to  develop  the  strength  of  the  bar  by  bond.  The  steel  is  considered  to  be  in 
approximately  2  panel  lengths.  The  necessary  supporting  bars  are  included  in  the  steel  weights.  The  concrete 
in  the  slab  and  in  the  drop  panel  are  included  in  the  concrete  quantities. 


FLOOR  SURFACES 

By  AixAN  F.  OwBN 

107*  Wood  Floor  Surfaces. 

107a.  Softwood  Flooring. — Soft  pine  is  not  used  for  flooring  except  some  north- 
em  pine  for  very  cheap  work.  It  is  called  1  X  &-in.  matched  and  dreeped,  but  comes  ^  ^e  X  6^ 
in.    It  is  apt  to  have  sap  in  it  and  be  subject  to  warping  and  twisting. 

Hard  pine,  or  yellow  pine,  comes  flat  sawed  and  quarter  sawed  (see  Figs.  131  and  132). 
The  flat-sawed  flooring  should  never  be  used  as  it  splinters  badly  with  use.  The  quarternsawed 
or  edge-grain  flooring  is  good  flooring  and  can  lie  used  for  residences,  factories,  and  warehouses, 
although  it  will  not  wear  as  well  as  hard  wood.  The  best  yellow  pine  flooring  is  cut  from  logs 
having  the  largest  number  of  circular  rings  per  inch  of  diameter  and  with  the  largest  proportioil 
of  hard  summer  wood  in  the  rings  and  the  smallest  proportion  of  soft  spring  growth.  Long- 
leaf  yellow  pine  generally  has  more  than  8  rings  per  inch,  and  short  leaf  and  loblolly  pine  gen- 
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erally  have  lesa  than  8 — Bometimea  only  2  or  3  rings  pec  innh.     Yellow  pine  flooring  coma  in 
the"  following  sizes : 

Nomiiul  Actuftl  Thi<:kDe«  FwM 


Yellow  pine  also  comes  4  X  8,  5  X  8,  and  6  X  8,  grooved  for  splines  (see  Rg.  133).  Tbk 
flooring  is  seldom  used  forawearingsurface,  being  used  ae  a  structural  floor  Hpanning  from  giider 
to  girder,  spacinga  0  to  16  ft.     When  ao  used  a  wearing  surface  of  maple  is  uaually  added. 


S 


10Tb,  Hardwood  Flooring. — Hard  maple  flooring  is  most  suitable  for  kitchens, 
Rtores,  offices,  factories,  warehouses,  and  assembly  halls.  It  is  smooth  and  hard,  wears  well, 
and  can  be  waxed  and  polished  for  dancii^,  or  oiled  to  keep  down  dust,  or  left  bare  and  scrubbed 

to  make  it  white  and  clean.     Standard  grades  in  maple  flooring  are: 


''Factory"— for  chnp  work. 
Maple  flooring  can  be  bad  selected  for  color  by  specifying  "White  Clear."     The  standard  sixes 
are  ^Ht  in-  thick  with  1^,  2,  2$^,  and  SJ^-iu.  face;  IKe  in.  thick  with  2,  2K.  and  3K-in.  face; 
H  in-  thick  with  l)i,  2,  and  2K-in.  face. 

Beech  and  birch  flooring  are  manufactured  in  the  same  sizes  aa  maple.     They  do  not  wear 
u  well  as  maple,  but  are  better  than  pine. 

Oak  flooring  is  usually  considered  the  most  desirable  for  fine  residence  woric.     The  stand- 
ard grades  are: 

QunrtoTMwad "Clwu-"— (fingat  snda) 

Quu-teiiaired "S«polB»r" 

Q(»rt«t»i>vil... ■•Select" 

n&inaaved .."Clodi" 

Plain  uved "Salsot" 

Plainsawed ■'No,  1  commoD" 

^aia  uved - - "No.3  comraoQ  "-'— {pooreat  gnide) 

Standard  sizes  are  'Ks  in.  thick  with  1^.  2,  and  2K-in.  face;  ^  in.  thick  with  IK  and  2Hit. 
face.  Quarter-sawed  oak  is  sawed  so  that  the  face  is  on  a  radial  line  of  the  log  and,  as  this  is 
parallel  to  the  "silver  ray"  in  the  wood,  a  very  beautiful  and  varied  marking  is  the  result  (see 
Fig.  132),  The  principal  advantage  of  quarter  sawing  is  in  securing  this  mottled  grain  effect. 
Oak  floors  can  be  filled  with  a  wbit«  or  colored  paste  filler  to  produce  natural  wood  or  color 
eSeotfl,  and  varnished  or  waxed.     Varnish  lasts  rather  longer  on  oak  than  on  any  other  floor. 

Other  hard  woods  are  used  only  for  special  ornamental  patterns  in  room  borders,  show 
window  floois,  etc. 

107c.  Parquetry. — The   best   parquetry   is  made  up  of   '^e   in.   thick   hard- 
wood, cut  in  short  lengths  to  suit  the  pattern,  dreaaed,  matched  and  end  matched.     This  clast 
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of  work  inuBt  be  laid  on  a  very  good  underfloor  and  must  be  scraped  and  sandpapered  after 

being  laid  to  get  a  good  surface. 

lOTd.  Refinishing  Wood  Floors. — In  refinishing  old  floors,  thin  hardwood  strips 

are  used.     Flooring  %  in.  thick  comes  with  tongue  and  groove,  and  may  be  blind  nailed.     Strips 

^6  in.  thick  may  be  had  in  beech,  birch,  maple,  or  oak  and  are  face  nailed  to  the  under  floor. 
In  connection  with  this  thin  flooring  'Vood  carpet''  can  be  had.  This  consists  of  ornamental 
borders,  using  small  pieces  of  wood  glued  on  a  cloth  back,  each  piece  to  be  nailed  to  the  under- 
floor where  the  "carpet"  is  laid.  These  patterns  can  be  had  in  a  single  wood  or  in  a  combina- 
tion of  two  or  more  woods,  and  may  include  walnut,  cherry,  white  holly,  and  mahogany. 

lOTe.  Wood  Blocks. — Wood  block  floors  are  used  in  factories  where  the  floor  is 

subject  to  very  rough  usage.  Standard  paving  blocks  4  in.  thick  can  be  used,  and  these  are 
usually  set  in  asphalt. 

A  thinner  wood-block  flooring  has  lately  come  into  use  which  consists  of  blocks  dovetailed  and  ^ued  to  a  yeUow 
pine  flooring  strip.  The  most  used  sise  is  2H  in-  thick  with  3H-in.  face,  in  lengths  up  to  8  ft.  The  sides  of  the 
strips  are  grooved  for  splines  and  the  strips  are  blind  nailed  to  joiBts,  nailing  strips,  or  underflooring.  This  flooring 
ia  used  where  oreosoting  or  asphalt  is  not  wanted  and  it  stays  in  place  through  wet  and  dry  weather  better  than 
paving  bloeks.  It  is  a  strictly  utilitarian  floor  as  the  end  grain  wood  tends  to  hold  enough  dirt  never  to  look  very 
clean. 

107/.  Supports  for  Wood  Floors. — Softwood  and  hardwood  floors  may  be  nailed 
direct  to  joists  in  ordinary  construction  buildings  or  to  sleepers  bedded  in  concrete  in  flreproof 
buildings.  Better  floors  are  built  with  an  underfloor  nailed  to  joists  or  sleepers  and  with  the 
finished  floor  laid  diagonally  or  at  right  angles  to  the  underfloor.  Parquetry  and  wood  blocks 
must  have  an  underfloor.  On  a  concrete  floor  construction  the  finished  wood  floor  may  be 
laid  in  asphalt  direct  on  the  concrete  without  any  nailing  strips. 

107^.  Floors  for  Trucking  Aisles.— special  precautions  are  necessary  in  building 
floors  where  heavy  trucking  is  to  be  done.  Wood  block  flooring  can  be  used  if  otherwise 
satisfactory.  Maple  flooring  has  been  used  more  than  any  other  and  is  probably  the  most 
satisfactory  in  the  long  run  if  properly  built.  It  should  be  laid  on  a  very  substantial  wood 
underfloor  so  that  every  part  of  the  maple  floor  is  supported,  and  there  is  no  chance  of  the 
truck  wheels  breaking  the  floor  where  they  run  over  a  strip  near  its  end.  l^-in.  flooring  is 
much  stronger  than  the  i^e~i^v  ^^'^  i^  ^^  worth  the  difference  in  cost. 

In  some  warehouses  it  has  been  found  necessary  to  lay  steel  plates  on  top  of  the  wood  floor  in  the  trucking  aisles 
and  fasten  them  down  with  long  countersunk  wood  screws.  This  makes  a  floor  that  will  wear  a  very  long  time 
but  it  is  always  noisy.  The  screws  pull  out  and  must  be  replaced  from  time  to  time  and  the  plates  buckle  up 
in  the  center.  They  wear  slippery  and  the  truckers  sprinkle  the  plates  to  get  a  film  of  rust  which  is  easier  te 
work  over. 

107A.  Loading  Platforms. — Floors  exposed  to  the  weather  must  have  provision 
for  drainage  and  expansion  and  contraction.  3  X  &-in.  oak  plank,  laid  with  ^-in.  open  joints, 
meet  these  requirements.    Cypress  and  yellow  pine  are  also  used. 

108.  Brick  Floors. — Brick  is  used  for  floors  of  packing  houses,  storage  battery  rooms, 
factories,  and  warehouses  where  the  floor  must  resist  acid,  hot  and  cold  water,  grease,  etc. 
They  are  laid  edge  up  for  strength  where  heavy  trucking  occurs,  and  the  joints  must  be  filled 
with  acidproof  or  waterproof  cement.  For  this  purpose  the  bricks  must  be  smooth  and  very 
dense,  preferably  vitrified  shale  brick.  Special  brick  are  made  from  1  to  4  in.  thick  and  in 
sixes  from  3  X  3  in.  to  12  X  12  in.,  square  and  rectangular.  The  foundations  for  brick  fioors 
are  the  same  as  for  tile  floors  (see  Art.  109i). 

109,  Tile  Floors. 

109a.  Cork  Tile. — Cork  tile  are  made  from  cork  shavings  compressed  under  very 
heavy  pressure  and  baked.  The  blocks  thus  made  are  cut  in  two  to  make  tiles  ^  in.  thick. 
The  tile  are  cemented  to  concrete  floors,  or  glued  and  nailed  to  wood  floors.  On  account  of  its 
durability  and  non-slip  quality,  cork  tile  is  especially  recommended  for  the  working  space  in 
banks,  for  elevator  cars,  the  space  in  front  of  elevators  on  each  floor,  for  kitchens  and  bath 
rooms,  and  for  stair  treads  and  landings. 

29 
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Cork  brick  2  or  2}^  in.  thick  are  used  for  stable  floors  where  the  best  is  wanted  regardlea 
of  cost. 

1096.  Rubber  Tiling. — Interlocking  rubber  tiling  is  used  for  stair  halls,  elevator 
floors,  and  spaces  in  front  of  elevators  on  account  of  its  non-slip  property.  It  is  usually  3^  in. 
thick  and  is  to  be  cemented  to  a  wood  or  concrete  base. 

109c.  Quarry  Tile. — Thin  square  brick  are  known  as  quarry  tile.  The  most  used 
sizes  are  6X6  in.,  8X8  in.,  and  12  X  12  in.;  all  sizes  about  1  in.  thick.  They  are  used  for 
fireplace  hearths,  conservatory  floors,  engine  room  floors,  hotel  grill  rooms  and  for  many  orna- 
mental purposes.     The  best  red  quarry  tile  were  formerly  imported  from  Wales. 

109(i.  Ornamental  Tiles. — Vestibule  and  corridors  of  public  buildings  are 
sometimes  paved  with  ornamental  tiles  which  have  an  embossed  pattern  (see  Sect.  7,  Art.  174). 
The  embossment  is  of  value  in  making  a  non-slip  floor. 

109e.  Ceramic  Mosaic. — Probably  the  most  widely  used  fireproof  flooring  k 
ceramic  mosaic  (see  Sect.  7,  Art.  174).  Tlie  standard  tile  is  ^  in.  square  and  ^  in.  thidc. 
It  comes  in  white  and  black,  and  many  colors.  The  mosaic  b  usually  furnished  glued  to  sheets 
of  paper  which  are  soaked  with  water  and  removed  after  the  tile  are  in  place.  The  combinations 
of  design  and  color,  ornamental  borders,  and  plain  fields  are  unlimited.  This  tile  also  comes 
in  large  pieces,  2-in.  squares  and  hexagons  being  largely  used. 

109/.  Marble  Mosaic. — Marble  mosaic  is*  superior  in  texture  and  color  to 
ceramic  mosaic,  but  is  comparatively  little  used  at  the  present  time. 

lO90r.  Marble  Tile. — The  corridor  floors  of  our  best  public  buildings  and  office 
buildings  are  paved  with  marble  tile.  This  tile  is  also  used  for  floors  in  monumental  buildings, 
museums,  art  galleries,  public  rooms  in  fine  hotels,  club  houses,  etc.,  and  for  toilet  room  floors. 
The  standard  thickness  is  ^  in.  and,  as  the  tile  are  cut  for  each  particular  job,  there  is  no 
standard  size.  Idght  colors  are  preferred  for  floor  tile  though  verde  antique  is  sometimes  used 
for  borders,  in  spite  of  the  fact  that  the  washing  compounds  used  in  cleaning  the  floors  eat 
away  the  softer  parts.  The  best  wearing  floor  marble  in  this  country  is  Tennessee  grey  or 
pink. 

109A.  Terrazo  Tile. — Marble  chips  mixed  with  colored  cement  and  sand  are 
manufactured  into  tile,  then  ground  and  polished.  This  tile  makes  good  substitute  for  marble 
tile  or  mosaic.  It  is  made  in  plain  colors  and  also  ''tutti  colouri,''  the  latter  being  a  mixture 
of  different  colored  marbles. 

109t.  Foundation  for  Tile  Floors. — Any  brick,  mosaic,  or  tile  floor  may  be  laid 
over  concrete,  hollow  tile,  or  wood  floor  construction,  but  ample  strength  and  stiffness  must 
be  provided  to  support  the  finished  floor  properly  and  keep  it  from  cracking.  When  used 
over  wood  construction,  2^^  in.  of  concrete  foundation  should  be  provided,  the  top  being 
leveled  and  left  rough  at  the  exact  depth  below  the  finished  floor  line  necessary  for  the  kind  of 
finish  to  be  employed.  For  tile  or  mosaic  }4  in.  thick  this  depth  should  be  1  in.  to  allow  for 
the  3^-in.  setting  bed  of  mortar.  For  the  heavier  tile  and  brick,  an  allowance  of  1  in.  should 
be  made  for  the  setting  bed.  For  cork  tile,  the  foundation  may  be  wood  or  concrete  and  must 
be  placed  the  exact  thickness  of  the  cork  below  the  level  of  the  finished  floor. 

110.  Cement  Floors. — For  many  purposes  a  cement  floor  is  the  most  economical  and  satis- 
factory finish,  especially  for  a  reinforced  concrete  building.  A  great  deal  of  trouble  in  the  past 
has  been  caused  by  the  cement  finish  '*  dusting."  In  other  words,  the  top  surface  wears  off 
rapidly  in  use  and  produces  a  large  amount  of  dust  in  so  doing.  To  remedy  this  defect  many 
concrete  ''hardeners"  have  been  put  on  the  market  and  some  of  them  have  been  of  value. 
But  their  greatest  value  has  been  in  the  extra  care  taken  to  procure  the  necessary  grade  of 
workmanship  to  produce  a  good  cement  finish.  Where  cement  sidewalks  are  laid  on  cinder 
foundation,  the  excess  water  in  the  concrete  dries  out  from  below  as  well  as  above  and  the  rich 
top  dressing  of  cement  and  sand  can  be  mixed  with  just  the  right  amount  of  water  to  be  trow- 
eled to  a  hard  smooth  surface.  But  in  reinforced  concrete  work  where  the  concrete  is  poured 
in  a  semi-fluid  state  into  tight  wood  forms,  the  excess  of  water  comes  to  the  top  and  brings 
with  it  laitance  (excess  hydrated  lime)  which  produces  the  objectionable  dusty  floor. 
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The  following  method  of  pfoducing  a  hard,  dense,  dustless  cement  floor  is  now  being  used 
with  perfect  success: 

The  forms  are  poured  loll  of  concrete  and  screeded  with  a  Btraight  edge  to  bring  the  surface  of  the  sUb  up 
to  the  grade  of  the  finished  floor.  Cement  finishers  then  float  this  down  thoroughly  while  it  is  still  liquid  or  in  a 
plastic  state,  bringing  in  this  manner  the  sunilus  water  present  in  all  concrete  to  the  surface,  which  carries  with  it 
the  hydrated  lime  or  laitanoe  in  the  cement*  This  is  then  darbied  cur  floated  off  to  one  side.  A  dry  mixture  of 
Portland  cement  and  clean  sharp  sand  (1  to  IH)  is  then  added  to  the  slab  and  worked  into  the  top  of 
it.  filling  up  all  depressions  and  replacing  settlement  caused  by  the  removal  of  the  excess  water,  and  enriching  the 
topping,  thereby  making  a  more  dense  wearing  surface.  After  this  mixture  is  thoroughly  floated  and  incorporated 
into  the  slab  it  is  given  a  hard  fanning  or  burnishing,  using  a  steel  trowel,  polishing  and  eliminating  all  trowel  marks, 
producing  a  hard,  unabrasive  wearing  surface.  If  the  work  is  properly  done,  it  will  be  hard,  back-breaking  work 
to  trowel  and  polish  so  dry  a  surface,  but  on  this  depends  the  success  of  the  cement  finish.  The  floor  must  be 
covered  within  24  hr^  with  a  heavy  layer  (rf  sawdust  thoroughly  wet  down  and  left  in  place  until  the  building 
is  completed.  This  sawdust  prot^icts  the  floor  from  premature  use  and  abuse  and,  what  is  of  more  importance, 
retards  the  setting  of  the  cement  and  improves  the  quality  of  the  concrete. 

The  top  ^  in.  of  a  concrete  slab  may  be  made  of  1  to  1  j*^  Portland  cement  and  }4-m, 
granite  screenings.  This  (called  granitoid)  makes  an  excellent  floor  for  hard  usage,  but  the 
same  precaution  must  be  taken  to  avoid  dusting  as  described  above. 

111.  Terrazo  Finish. — Where  terrazo  finish  is  to  be  used,  the  foundation  is  left  2)4  in. 
below  the  finished  floor.  2  in.  of  concrete  is  poured  on  the  foundation  and  then  about**!  in.  of 
terraxo  finish  (Portland  cement,  sand,  and  marble  chips,  mixed  almost  dry)  is  spread,  rolled, 
and  worked  into  the  top  until  the  proper  finished  grade  is  obtained.  The  surface  is  polished 
after  the  cement  has  hardened.  Color  effects  are  produced  by  the  use  of  the  desired  color  of 
marble  and  by  use  of  colored  cement. 

Ornamental  effects  can  be  had  by  the  use  of  colored  cement.  Care  must  be  taken  to  get  colors  that  are  not 
chemically  affected  by  the  cement.  The  colors  should  be  obtained  from  a  reliable  manufacturer  of  cement  colors 
and  used  strictly  in  accordance  with  lus  instructions. 

112,  Composition  Floors. — Composition  floors,  or  sanitary  floors,  are  much  used  for  toilet 
rooms,  kitchens,  restaurants,  etc.  There  are  many  varieties  on  the  market,  known  by  various 
trade  names,  and  they  can  be  had  in  almost  any  color,  the  red  and  brown  probably  being  the 
most  satisfactory.     Magnesia  is  the  basic  material  in  each  floor  mixture. 

When  used  over  a  wood  floor,  wire  mesh  is  laid  and  tacked  down,  and  about  ^  in.  of  Port- 
land cement  and  sand  laid  first  and  }^-in.  composition  floor  on  top  of  that.  When  used  over 
a  concrete  foimdation,  ^i  in.  of  cement  and  sand  and  a  3^  in.  composition  floor  are  sufficient. 

When  composition  floors  are  finished,  they  are  given  a  finish  of  paraffin  or  wax.  This  can  be  washed  or  mopped 
over  for  two  or  three  months  before  the  floor  begins  to  show  signs  of  wear.  At  that  time  the  floor  should  be  thor- 
oughly washed  with  warm  water  and  soap  or  "gold  du»t"  and  aUowed  to  dry  and  then  given  a  coating  of  oil.  Two 
parts  of  boiled  linseed  oil  thinned  with  one  part  of  kerosene  should  be  used.  The  oil  should  be  applied  with  a 
brush  or  doth  and  allowed  to  dry  for  about  \i  hour  and  then  any  surplus  oil  wiped  off.  The  Unseed  oil  tends  to 
toughen  the  surface  of  the  composition  floor  and  prevents  its  becoming  rough  from  wear.  The  kerosene  makes 
the  oil  thin  enough  to  soak  into  the  pores  of  the  flooring. 

118.  Asphalt  Floors. — Asphalt  is  used  for  waterproof  floors  in  packing  houses,  canning 
factories,  and  wherever  it  ia  frequently  necessary  to  flush  the  floor  with  water  to  clean  it. 
When  used  over  a  wood  foundation,  heavy  paper  is  laid  and  on  top  of  this  is  placed  2  in.  or 
more  of  a  mixture  of  hot  asphalt  and  sand  which  is  rolled  to  a  hard,  even  finish.  Not  less  than 
2  in.  of  the  mixture  should  be  used  over  a  concrete  foundation. 

114«  Glass  Inserts  in  Sidewalks. — Glass  is  used  in  sidewalks  to  light  the  basement  space 
underneath.  The  pieces  of  glass  are  small,  generally  Zyi  in.,  roimd  or  square,  flat  top  and  bot- 
tom, or  with  prisms  on  the  bottom  to  deflect  the  light  toward  the  back  of  the  basement.  The 
lights  are  set  in  cement  on  steel,  iron,  or  reinforced  concrete  frames.  When  metal  frames  are 
used,  the  lights  are  generally  assembled  at  the  building.  Reinforced  concrete  sidewalk  light 
slabs  are  made  at  the  factory  and  shipped  to  the  building  ready  to  be  set  in  place.  Care  must 
be  taken  to  have  all  joints  caulked  with  oakum  and  waterproofed  with  asphalt  cement. 
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FLOOR  OPENINGS  AND  ATTACHMENTS 
By  Allan  F.  Owbn 

116.  Floor  Openings. — Special  framing  muBt  be.  used  around  openings  through  floors  for 
elevator  shafts,  stairways,  dumb  waiters,  wire  shafts,  and  plumbing  spaces.  Figs.  134  to  1^ 
inclusive,  show  typical  framing. 

In  concrete  floors,  wrought-iron  and  galvanized-iron  sleeves  are  built  into  the  constructioe 
work  for  all  steam,  return,  sprinkler,  sewer,  gas,  and  similar  pipes.  All  floor  sleeves  should  be 
flush  with  the  ceiling  line  and  should  extend  about  2  in.  above  the  floor  Une.     Pipe-risers  shonU 
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Fia.  134. — Elevator  openings  in 
Bteel  frame  conatruction. 
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Fzo.  135. — Stair  opening  in 
ordinary  oonatruotion. 


Fia.  136.-— ^tair  opening  in  coneieCe 
beam  and  girder  oonatruotiofi. 


not  be  allowed  to  come  up  through  columns  as  repairs  and  alterations  are  difficult,  if  not  im- 
possible, under  such  an  arrangement;  small  size  electric  conduits,  however,  form  an  exception 
to  this  rule.  Special  shafts  with  fireproof  walls  are  sometimes  used  for  plumbing  and  vent 
pipes,  and  this  practice  has  much  to  commend  it  since  a  floor  to  be  a  perfect  fire  cutoff  should 
be  soUd  from  wall  to  wall,  with  stairways,  elevators,  and  all  openings  enclosed  in  vertical 
fireproof  walls. 

.    Special  pits  are  required  for  platform  scales  and  it  is  best  to  get  the  details  of  the  scales 
to  be  used  and  include  the  framing  for  the  scales  in  the  general  plans  of  the  building. 


FxG.  137. — Shaft  openings  in  tile 
and  concrete  conatruction. 
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Fig.  138. — Opening  in  flat  slab 
concrete  conatruction. 


Fxa.  139.-^-Opening  for  spiral 
veyor  in  mill  construction. 


110.  Floor  Attachments. — Machinery,  shafting,  sprinkler  pipes,  steam  pipes,  etc.,  are 
often  hung  from  the  ceiling.  In  wood  construction,  blocks  are  usually  attached  to  the  ceilinf 
joists  by  lag  screws  and  machinery  hangers  bolted  to  these  blocks.  In  steel  constructioii, 
clamps  are  used  around  the  lower  flanges  of  the  floor  beams.  In  concrete  construction,  some 
form  of  insert  is  used  to  support  these  utilities.  Where  permanent  pipes,  machinery,  etc., 
are  to  be  placed,  it  is  possible  to  lay  out  the  inserts  to  care  for  these.  But  in  a  building  in  which 
there  is  much  machinery,  provision  should  be  made  for  changing  conditions,  the  shifting  of 
departments,  and  the  installation  of  improved  machines.     For  this  purpose,  it  is  well  to  spot 
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inserts  at  regular  intervals  over  the  entire  ceiling.  In  a  recent  machine  manufacturing  plant, 
inserts  were  provided  4  ft.  on  centers  each  way  over  the  entire  ceiling,  and  this  has  proved  a 
satisfactory  arrangement.    In  fig.  140  are  iUustracted  the  common  t3rpes  of  inserts. 


Bolt  insert.   Bolt  is  remoyed  bef  of«  forms  ftre 
taJwn  down,  leaving  the  nut  in  the  concrete. 


WriAloo  insert. 
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Eohler  pressed  sted  insert. 


Barton  steel  spiral  socket  for 
lag  screws. 


Seenrity  insert. 


Havemeyer  socket  insert. 
Fig.  140. 
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Dayton  insert. 


Tnisoon  slotted  insert. 


GROUND  FLOORS 
Bt  Allan  F.  Owen 

117.  Dniasge. — Ground  floors  at  sidewalk  shipping  platform  level,  or  in  basements, 
must  be  protected  against  dampness.  The  most  important  item  in  the  prevention  of  dampness 
is  drainage.  Where  the  floor  is  above  the  sewer,  a  system  of  tile  drains  is  installed  under  the 
floor  and  connected  to  the  sewer.  lines  of  drain  tile  should  be  laid  near  the  outside  walls  and 
about  20  ft.  apart  under  large  floors.  Where  the  sewer  is  above  or  very  close  to  the  floor,  it  is 
necessary  to  connect  the  drain  tile  to  an  ejecter  pit  and  provide  an  automatic  sewage  ejector 
connected  to  the  sewerage  system.  Where  the  floor  is  below  water  level,  in  water  bearing  soil, 
no  drainage  can  be  used. 

118.  Underfloor. — ^Under  the  finished  floor  a  porous  layer  of  cinders,  stone,  or  gravel 
should  be  laid  to  allow  water  to  run  to  the  drains  and  to  insulate  the  floor  from  the  damp  earth 
beneath.  Where  the  floor  is  below  water  level,  the  underfloor  must  be  waterproofed  and  rein- 
forced against  water  pressure.  A  damp  proofing  course  should  then  be  laid  on  the  top  of  the 
underfloor  and  under  the  finished  floor.  The  water  pressure  to  be  reinforced  against  is  equal 
to  62 >j  lb.  per  sq.  ft.  of  floor  times  the  depth  from  the  top  of  the  highest  known  water  level  to 
the  waterproofing  course.  The  weight  of  reinforced  concrete  above  the  waterproofing  course 
may  be  deducted  from  the  total  pressure  to  be  reinforced  against.  The  waterproofing  course 
must  extend  up  the  outside  walls  above  water  level. 
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119.  Waterproofing. — Ground  floors  should  be  waterproofed  as  explained  in  Sect.  5,  Art 

120.  Floor  Finish. — ^Finished  concrete  floors  are  most  widely  used  for  ground  floorB, 
any  of  the  wood,  tile,  marble,  composition,  or  asphalt  floois  described  in  the  chapter  on   floif I 
Surfaces"  may  be  used. 


ROOF  TRUSSES— GENERAL  DESIGN 

By  W.  S.  Kinnb 

121.  Roof  Trasses  in  General. — A  roof  truss  is  a  frame  work  designed  to  support  the  amI 
covering  or  ceiling  over  large  rooms,  thereby  avoiding  the  use  of  interior  columns.  Fig.  lU, 
shows  the  relative  position  of  the  roof  trusses,  the  walls  of  the  building,  and  the  roof  coveriq^ 

When  the  nature  of  the  supporting  fores 
is  such  that  the  reactions  are  vertical  under  verti- 
cal loading,  or  the  reactions  due  to  inclined  loadins 
can  be  determined  by  the  methods  of  simpk 
statics,  the  frame  work  is  known  as  a  "simiib 
truss."  Where  the  reactions  are  inclined,  era 
under  vertical  loading,  and  where  they  can  not 
be  determined  by  simple  statics,  the  frame  wad 
is  known  as  an  "arch."  The  discussion  oi  Ha 
chapter  will  be  confined  to  simple  trusses;  arcfaa 
will  be  considered  in  the  chapter  on  ''Ardieii 
Roofs." 

Simple  roof  trusses  can  be  further  divided 
into  two  classes  based  on  the  methods  of  support- 
ing the  trusses.  In  one  class  can  be  placed  the  trusses  which  are  supported  on  ri^d  walls  of 
masonry,  or  other  material  forming  a  wall  which  is  able' to  resist  lateral  forces  without  additioiisl 
bracing.  In  a  second  class  can  be  placed  the  trusses  which  are  supported  on  steel  columai 
carrying  a  light  curtain  wall  in  addition  to  the  trusses.  The  construction  of  these  columiB 
is  such  that,  imaided,  they  do  not  offer  any  considerable  resistance  to  lateral  forces.  To  secuR 
a  rigid  structure,  it  is  necessary  to  join  the  trusses  and  the  columns  by  a  member  known  as  t 
"knee-brace, "  thus  forming  a  rigid  framework  which  is  known  as  a  "knee-braced  bent."  Yai- 
ther  discussion  of  this  type  of  structure  is  given  in  the  chapter  entitled:  "Detailed  Design  of 
Truss  "V^th  Knee-braces." 


FzQ.  141. 


trJo^^ 


(o) 

Single  Wbb  System 


Ooubfe  Vwb  System 
Fxo.  142. 


Fig.  143. 


In  general,  a  roof  tnue  ehould  eonakt  of  a  simple  framew<n'k  oompoeed  preferably  of  a  ayatom  of 
The  memberB  of  the  frame  work  are  usually  so  arranged  that  they  are  in  direct  tension  or  oompression. 
composed  of  a  sin^e  web-system,  as  shown  in  Fig.  142(a),  are  preferable  to  those  with  a  double  web-systeiB,  a 
shown  in  Fig.  142(b).  The  stresses  in  the  truss  of  Fig.  142(a)  are  readily  determined  by  the  principles  of  siniMr 
statics,  as  giyen  in  Sect.  1.  In  the  truss  of  Fig.  142(b),  the  stresses  are  statically  indeterminate.  An  exaei  delv 
mination  of  the  stresses  can  be  made,  but  the  work  of  stress  calculation  is  long  and  tedious.  Approziinate  nwlliiA 
of  stress  calculation  are  generally  used,  but  ss  thedbtribution  of  the  load  to  the  various  members  is  uncertain,  sock 
methods  are  unsatisfactory. 
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Fie.  143  showB  the  oomponeDt  parts  of  a  truai.  Tbe  names  of  the  severai  parts  are  indieated  in  position.  As 
shown  on  Fig.  143,  the  upper  members  are  kpown  as  the  top  chords,  or  rafters,  and  the  lower  members  are  known 
MS  the  bottom  choids,  or  tie  beams.  The  interior  compression  members  are  known  as  struts,  and  the  interior 
tension  members  are  known  as  ties.  Points  of  intersection  of  chord  members  are  known  as  joints,  and  the  distance 
between  adjacent  joints  k  known  as  a  panel,  or  panel  length.  A  sag  tie  is  a  member  provided  to  form  a  support 
for  a  long  horisontal  member  which  would  deflect  excessively  under  its  own  weight  if  not  so  supported. 

128.  Form  of  Trasses. — ^A  great  variety  of  trusses  are  used  in  biulding  construction,  the 
form  depending  upon  the  character  of  the  roof  covering  and  the  architectural  features  of  the 
structure.    Fig.   144  shows  some  ^^n^  ^-^%.^ 
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Cambered  Firk 
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of  the  forms  of  simple  trusses  in 
common  use  for  trusses  supported 
on  rigid  walls.  Types  of  knee- 
braced  bents  and  arches  are  shown 
in  later  chapters. 

In  Fig.  144  the  forms  shown 
in  Figs,  (a)  to  (m)  are  well  adapted 
to  construction  in  steel,  while 
those  of  Figs,  (n)  to  (q)  are  suited 
for  construction  in  wood.  The 
trusses  of  Figs,  (a)  to  (m)  are  so 
arranged  that  the  compression 
members,  shown  by  the  heavy 
lines,  are  the  shortest  members  in 
the  truss,  while  the  tension  mem- 
bers, shown  by  the  light  lines, 
are  the  longest  members.  This 
results  in  a  considerable  saving  of 
material,  for  a  compression  mem- 
ber requires  a  greater  sectional 
area  for  a  given  stress  than  a  ten- 
sion member.  Also,  the  greater 
the  length  of  a  compression  mem- 
ber, the  greater  the  required  area. 

In  the  trusses  of  Figs,  (n)  to 
(9)1  the  top  and  bottom  chord 
members  and  the  interior  diagonals 
are  usually  made  of  wood,  while 
the  vertical  tension  members  are 
made  of  steel  rods.  Since  com- 
pression joints  between  wooden 
members  are  easier  to  frame  than 
tension  joints,  or  splices,  it  follows 
that  these  types  are  well  adapted  for  construction  in  wood. 
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The  form  of  truss  is  dependent  to  some  extent  upon  the  span  length,  for  in  order  to  avoid  bending  stresses  in 
Ihe  top  chord,  it  is  desirable  to  have  a  panel  point  of  the  truss  directly  under  each  purlin.  To  avoid  the  use  of 
excessive  areas  in  the  top  chord  sections,  it  will  probably  be  best  to  limit  the  length  of  these  members  to  about 
8  ft.  as  a  maximum.  With  this  limitation,  the  advisable  maximum  spans  for  the  several  types  shown  in  Fig.  144  are 
about  as  foUows:  Figs,  (a)  and  (e),  30  ft.;  (c)  and  (y),  40  ft.;  (b)  and  (/),  50  to  60  ft;  (d)  and  (A),  70  to  80  ft.; 
and  0*)*  80  to  90  ft.  The  forms  shown  in  Figs.  (A;),  ({)•  and  (m)  can  be  used  for  spans  of  from  20  to  80  ft.  by 
varying  the  number  of  panels.  Wooden  trusses  of  the  type  shown  in  Figs,  (n)  and  (0)  can  be  used  for  spans  up 
to  about  25  or  30  ft.,  while  those  of  Figs,  (p)  and  (q)  can  be  used  for  spans  of  from  20  to  80  ft.  by  varying  the  num- 
ber of  panels. 

The  type  of  truss  to  be  tased  with  a  given  roof  covering  is  determined  by  the  allowable  slope  oi  roof  for  the 
roof  covering  in  question.  Table  1  gives  the  minimum  allowable  slope  of  roof  for  some  of  the  common  tsrpes  of 
roof  coverings. 
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Table  1 

Asphalt  or  asbestos Rise  Hi  of  span. 

Corrugated  steel Rise  K  of  span. 

Slate Rise  M  to  K  of  span. 

Tar  and  gravel Flat,  or  sufficient  slope  for  drainage. 

Tile Rise  H  of  span. 

Tin All  slopes. 

Wood  shingles  on  sheathing Rise  yi  of  span. 

The  trusses  shown  in  Figs.  (0>  (*>*)•  and  (q)  are  suitable  for  tar  and  gravel,  or  for  tin  roofs.  For  these  ^rpci 
of  covering  it  is  necessary  to  give  the  roof  only  enough  slope  to  provide  proper  drainage.  A  slope  of  more  tha 
1  in.  to  the  foot  is  not  desirable  for  a  gravel  and  tar  roofing,  due  to  the  fact  that  the  material  will  flow  wh«n  kid. 
and  that  intense  summer  heat  will  abo  cause  it  to  flow  if  the  slope  is  greater  than  that  mentioned.  All  of  the  otfccr 
forms  shown  in  Fig.  144  are  adaptable  to  roofs  with  a  rise  equal  to  from  H  to  H  of  the  span. 

Trusses  with  a  cambered  lower  chord,  as  shown  in  Figs.  (0)  to  (h)  ind.,  are  used  for  the  sake  €»t  appcaraatt 
A  long  line  of  trusses  with  exposed  horizontal  chords  appear  to  sag.  This  effect  can  be  overcome  by  cambering  tb 
lower  chord.  In  other  cases  the  architectural  treatment  of  the  ceiling  calls  for  a  cambered  truss.  Where  a  mod» 
ate  camber  is  required,  one  of  the  forms  shown  in  Fig.  144  can  be  used.  In  churches  and  similar  atmeiareB.  tke 
architectural  treatment  often  calls  for  an  ornamental  truss,  which  is  considered  in  the  chapter  on  "Omameay 
Roof  Trusses." 

In  general  it  can  be  said  that  the  selection  of  the  type  of  truss  is  just  as  important  as  any  other  fealuie  of  Ik 
design.  Having  fixed  upon  the  span  length  and  the  height  of  truss,  that  tsrpe  of  framing  should  be  Adopted  ■ 
which  the  members  are  well  placed  with  respect  to  the  loads  which  are  to  be  carried. 

128.  Pitch  of  Roof  Truss, — ^The  pitch  of  a  roof  truss  is  usually  defined  as  the  ratio  of  tk 
height,  or  rise,  of  the  truss  to  the  span  length,  and  is  usually  designated  by  a  fraction.  Tho 
in  the  truss  of  Fig.  143,  suppose  the  height  to  be  15  ft.  and  the  span  to  be  60  ft.  As  defined 
above 

..  ,       height        16       -, 

In  the  preceding  article  the  effect  of  character  of  roof  covering  on  the  ratio  of  rise  to  tpn 
length  has  been  considered.  As  the  pitch  of  roof,  as  defined  above,  b  the  same  as  the  rae 
divided  by  the  span,  the  values  given  in  Table  1  will  indicate  the  minimum  desirable  pitch  of  a 
roof  truss  for  a  given  roof  covering. 

The  pitch  of  the  truss  should  abo  be  determined  with  reference  to  the  loads  to  be  carried.  As  ahown  by  tk 
tables  of  wind  and  snow  load  given  in  Arts.  136  and  130,  a  roof  with  a  H  pitch  has  a  smaller  anow  load  bst  1 
greater  wind  load  per  sq.  ft.  of  roof  than  one  with  a  H  or  H  pitch.  Also  from  the  stress  tablee  of  the  foUoviai 
chapter,  the  stresses  in  the  trusses  of  H  pitch  are  less  than  those  of  >^  or  H  pitch.  However,  in  trusses  of  H 
pitch,  the  interior  compression  members  are  somewhat  shorter  than  those  in  trusses  of  H  pitch,  which  resuItiiBa 
considerable  saving  in  material,  in  spite  of  the  greater  stress.  Trusses  of  H  pitch  have  greatly  increased  strewa 
which  call  for  added  material  in  spite  of  the  reduced  length  of  the  compression  memben.  Considering  aD  factor 
it  seems  that  the  truss  of  yi  pitch  is  the  most  economical. 

124.  Spacing  of  Trusses. — The  theoretical  spacing  of  trusses  for  least  total  cost  of  tnuBa 
purlins,  and  roof  covering  depends  upon  the  relative  cost  of  the  component  parts.  As  the  EpK- 
ing  increases,  the  cost  of  the  trusses  per  unit  of  covered  area  will  decrease,  as  small  changes  k 
spacing  have  little  effect  on  the  weight  of  a  truss;  the  cost  therefore  varies  inversely  as  the  spat' 
ing.  Tlie  sise  of  purlin  is  determined  by  the  moment  to  be  carried;  this  varies  as  the  square 
of  the  span.  Therefore  the  cost  of  the  purlins  can  be  considered  to  vary  as  the  square  of  tke 
spacing.  The  roof  covering  cost  varies  directly  as  the  spacing.  To  determine  the  theoreticsDr 
most  economical  spacing,  all  of  these  factors  must  be  given  proper  consideration. 

The  relation  between  the  quantities  given  above  for  minimum  cost  can  be  expressed  ap- 
proximately in  the  following  manner: 


As  stated  above,  the  oost  of  the  trusses  can  be  assumed  to  vary  inverstJy  as  the  spacing  of  the  trusses,  wUA 
relation  can  be  written,  (  ■>  k/a,  where  <  ■>  oost  of  trusses  per  sq.  ft.  of  roof,  ifc  *  a  constant,  and  •  ■■  spaciBg  d 
trusses.  Again,  the  co«t  of  the  purlins  varies  directly  ss  the  square  of  the  spacing  of  trusses,  or  p  ■■  n«s,  vboi 
p  *  oost  of  purlins  per  sq.  ft.  of  roof,  n  *  a  constant,  and  «  ■■  spacing  of  trusses.  Also,  the  ooet  of  roof  coterin 
varies  directly  as  the  spacing  of  trusses,  or  e  ■>  wu,  where  c  *  oost  of  roofing  per  sq.  ft.  of  roof,  m  ■■  a  ft>nstir*. 
and  «  —  spacing  of  trusses.     If  X  be  the  total  cost  of  the  roof,  per  sq.  ft.,  we  have 
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By  the  methodB  of  i!  le  Differential  Caloulue  it  ean  be  Bhown  that  the  relati<m  existing  between  the  terms  of  the 
above  exi>reMlon  at  tiie  time  the  ooet  of  the  roof  is  a  minimum  is 

I  -  2p  +  e 

That  is,  for  least  ooet,  the  spacing  of  tnisses  must  be  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is  equal 
to  twioe  the  ooet  of  the  purlins  per  sq.  ft.  of  roof  plus  the  cost  of  roof  covering  per  sq.  ft.  of  roof. 

The  relation  given  above  can  not  be  used  directly  for  the  determination  of  the  truss  spacing 
for  the  spacing  does  not  appear  in  the  equation.  However,  by  means  of  the  above  expression, 
a  given  design  can  be  tested  out  to  see  if  it  answers  the  theoretical  conditions.  A  study  of  the 
formula  will  aid  in  forming  conclusions  regarding  the  proper  truss  spacing. 

The  cost  of  materials  and  labor  is  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is 
usually  several  times  greater  than  that  of  the  purlins.  Roof  covering  costs  vary  with  the 
nature  of  the  covering,  but  will  probably  not  exceed  that  of  the  purlins.  These  facts  point 
toward  a  rather  wide  spacing  of  trusses,  in  order  to  secure  maximum  economy.  If  it  were 
possible  to  obtain  rolled  sections  which  would  provide  exactly  the  required  areas  for  all  truss 
members,  it  would  be  possible  to  use  rather  a  small  truss  spacing,  but  as  can  be  seen  from  the 
design  given  in  the  chapters  on  the  design  of  steel  and  wooden  roof  trusses,  the  sizes  of  many 
members  are  determined  by  the  specifications,  or  by  the  requirements  of  standard  practice. 
These  requirements  add  considerably  to  the  weight  of  the  structure.  From  this  discussion 
it  can  be  seen  that  the  cost  of  the  trusses  controls  the  economy  of  the  design,  and  the  spacing 
of  the  trusses  should  be  determined  accordingly. 

Comparative  estimates  of  cost,  made  by  comparing  the  total  oobt  of  roof  trusses  of  the  same  span  length 
but  with  varsing  spadng  indicate  that  for  spans  up  to  50  ft.  the  most  economical  spacing  is  about  15  ft.  for  light 
loads  (about  30  lb.  per  sq.  ft.),  or  about  K  of  the  span.  For  spans  of  from  60  to  100  ft.,  the  spacing  should  be 
about  yi  oi  the  span  for  the  shorter  spans  and  about  H  of  the  span  for  the  longer  spans,  or  from  15  to  20  ft.  In 
many  cases  local  conditions  govern  and  determine  the  spacing  of  the  trusses  regardless  of  the  economical  conditions. 

186.  Spacing  of  Purlins. — The  spacing  of  the  purlins  is  governed  to  a  large  extent  by  the 
roof  covering,  and  to  some  extent  by  the  type  of  roof  truss.  In  the  first  place,  the  strength  of 
the  roof  covering,  considered  as  a  beam  spanning  the  distance  between  purlins,  determines  the 
allowable  span  of  the  roofing,  and  in  the  second  place,  the  position  of  the  joints  of  the  truss  de- 
termines the  possible  points  of  support  for  purlins,  and  in  this  way  determines  the  possible  span 
of  the  roof  covering.  This  assumes  that  the  top  chord  of  the  truss  acts  only  as  a  compression 
member.  In  some  cases  where  the  type  of  the  truss  is  such  that  the  distance  between  top  chord 
joints  is  greater  than  the  allowable  span  of  the  roof  covering,  purlins  are  placed  at  points  between 
the  chord  joints.  This  arrangement  has  the  disadvantage  of  subjecting  the  chord  section  to 
bending  as  well  as  direct  stress,  for  the  chord  section  must  act  as  a  beam  as  well  as  a  chord  mem- 
ber. But  this  is  probably  offset  by  the  saving  in  weight  of  purlins  made  possible  by  the  use  of 
smaller  closelynspaced  sections. 

Hoof  coverings  are  often  laid  on  sheathing,  which  is  in  turn 
supported  by  rafters  laid  parallel  to  the  top  chord  of  the  truss  and 
resting  on  purlins.  By  using  jniitable  rafters,  the  purlin  spacing  can 
be  made  as  desired.  This  construction  is  apt  to  result  in  a  heavy 
roof.  To  avoid  this,  the  sheathing  is  sometimes  laid  directly  on  the 
purlins,  thus  limiting  the  spacing  of  purlins  to  the  safe  span  of  the  \U\it^  "<' 
sheathing.    This  safe  span  is  to  be  determined  with  reference  to  ^  ''^HdrmrM 

the  bending  stress  in  the  sheathing,  and  also  with  respect  to  the  |/P-^ 

allowable  deflection  of  the  sheathing,  for  in  some  cases  the  roof 
covering,  as  tile  or  slate,  is  likely  to  crack  if  the  sheathing  is  subjected 
to  excessive  deflection.    The  allowable  deflection  is  about  )^oo  P&rt  of  the  clear  span. 

Fig.  145  shows  an  inclined  beam  subjected  to  a  vertical  uniform  load  of  10  lb.  per  ft.  of  beam.  Assuming  that 
the  sheathing  is  oontinuous  over  several  purlins,  the  maximum  moment  is  Af  •■  Ho  t^^'cM  0,  and  the  fiber  stress  is 
given  by  the  formula/  *  Mcfl.  Placing  the  value  of  M  in  the  formula  for  fiber  stress  and  solving  for  {,  the  limiting 
span  length,  we  have,  for  a  rectangular  section  of  width  h  and  depth  d. 


,      /5  wy       ^\H 


458 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec  S-IS 


In  terms  of  the  fiber  stress,  the  deflection  of  a  rectangular  beam  under  a  uniform  load  is  siTon  by  the  fona^ 

fit 

A  «  6/24  B^  where  B  is  the  modulus  of  elasticity  of  the  material,  and  the  other  terms  have  the  same  values  as  htfm. 

Subbtitutins  in  this  expression  the  value  of  /,  and  solving  for  l,  the  limiting  si>an,  we  find  for  an  allowabla 
of  Mao  of  the  span,  that 

\45     v>  / 


The  smaller  of  the  values  given  by  the  above  equations  is  the  allowable  span  for  the  sheathing  under  eonaid«nliai 
Table  2  gives  the  limiting  spans  for  sheathing  in  common  use  for  several  load  capacities  and  varyinc  slope  of  roaf.a 
determined  by  the  above  equations. 


Tablb  2. — ^LiMTTii^Q  Spans  for  Onb  Inch  Sb bathing  for  Various  Load    CAPAcnm 

AND  Slopes 


/  -  1000  lb.  per  sq.  in.;  1?  »  1,000,000  lb.  per  sq.  in.;  d 

(Limiting  spans  given  in  feet) 


1  in. 


Capacity  in  pounds 

Slope  of  roof  in  inches 

per  foot 

per  sq.  ft. 

0 

2 

4 

6 

8 

10 

12 

20 

9.13 
4.63 

9.20 
4.56 

9.35 
4.60 

9.66 
4.71 

10.02 
4.81 

10.43 
4.95 

10.85 
5.06 

25 

8.17 
4.19 

8.22 
4.22 

8.37 
4.26 

8.66 
4.35 

8.97 
4.45 

9.35 
4.58 

9.72 
4.70 

80 

7.45 
8.96 

7.61 
3.97 

7.64 
4.00 

7.89 
4.11 

8.17 
4.20 

8.52 
4.32 

s.se 

4.43 

40 

6.46 
3.59 

6.51 
3.61 

6.62 
3.64 

6.84 
3.73 

7.20 
3.82 

7.39 
3.92 

7  69 
4.03 

60 

6.77 
3.34 

6.82 
3.36 

5.92 
3.40 

6.00 
3.47 

6.34 
3.55 

6.60 
3.65 

6.86 
3.75 

60 

6.27 
3.13 

5.32 
3.15 

6.41 
3.17 

5.58 
3.25 

5.78 
3.33 

6.03 
3.42 

6.27 
3.52 

Note. — Upper  values  ->  limiting  span  in  feet  due  to  bending.  Lower  values  «  limiting  span  in  feet  doe  ts 
deflection. 

For  limiting  spans  due  to  fiber  stresses  other  than  1000  lb.  per  sq.  in.,  multiply  upper  values  in  table  by  thi 

ratio  \I-J—' 

\iooo 

For  limiting  spans  due  to  deflection  for  values  of  B  other  than  1,000,000  lb.  per  sq.  in.,  multiply  lower  valuaa 

table  by  the  ratio  \/______ . 

\  1,000,000  . 

For  limiting  spans  for  sheathing  of  other  than  1  in.  thickness,  multiply  values  given  in  the  table  directly  by  th 
thickness  of  the  sheathing  in  in  ches. 

The  limiting  span  for  corrugated  steel  roofing,  considered  as  a  horisontal  beam,  is  given  by  the  Rankiae  ftf>- 
mula  as 

where  jS  ^  working  stress  in  lb.  per  sq.  in.,  h  »  depth  of  corrugations  in  inches,  h  ->  width  of  sheet  in  inches.  ( ■ 
thickness  of  sheet  in  inches,  w  ■>  safe  load  in  lb.  per  ft.,  uniform  load,  and  I  ^  allowable  span  in  feet.  Tsbii 
3  gives  the  allowable  spans  of  corrugated  steel  for  several  load  capacities  per  sq.  ft.  of  roof.  The  Taluea  m 
computed  from  the  above  formula. 
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Table  3. — Limiting  Spans  for  Cobbuoatbd  Steel 

From  formula  I  -  (o.l78  ^)'^ 
S  -  12,000  lb.  per  sq.  in. ;  b  -  12  in. ;  A  -  H  in. 


Values  of  I  in  feet 

G«se 

t 
(in.) 

10-20 

w  -  25 

10-30 

10-40 

ttr  -  50 

10-60 

16 

H< 

7.08 

6.32 

5.77 

6.00 

4.47 

4.08 

18 

Ho 

6.32 

5.66 

5.16 

4.47 

4.00 

3.65 

20 

Ho 

5.60 

4.91 

4.48 

3.88 

3.47 

3.17 

22 

Ha 

5.00 

4.47 

4.08 

3.54 

3.16 

2.88 

24 

Mo 

4.49 

4.01 

3.66 

3.17 

2.84 

2.69 

126.  Spacing  of  Girts. — Girts  are  members,  similar  to  purlinsi  which  are  used  to  support 
the  siding  in  a  building  in  which  the  walls  are  formed  by  siding  or  corrugated  steel  carried  on  the 
columns  which  support  the  roof  trasses.  The  design  of  girts  is  carried  out  by  the  same  methods 
as  given  in  Sect.  2  for  purlins. 

The  spacing  of  girts  is  governed  by  the  same  considerations  as  given  in  the  preceding  article 
for  purlins.  Allowable  spacing  of  girts  can  be  determined  by  the  tables  of  the  preceding  article. 
Design  methods  are  given  in  Art.  167. 

127.  Purlin  and  Girt  Details  and  ^  ^ 
Connections. — Wooden  purlins  can  be        '^^                         ^\V^ 
made  up  of  a  single  piece,  or  can  be  fff^^ 
built  up  by  placing  several  narrow 
pieces  side  by  side.     When  properly 
fastened  together,  either  by  nailing  or 
bolting,  built-up  beams  are  equally  as 
strong    as   a   single   piece,   and    are 
cheaper  and  easier  to  obtain.     Such 
purlins  are  used  either  with  wooden 
or  steel  roof  trusses. 

The  connection  of  wooden  purlins 
to  the  roof  truss  depends  upon  the 
t3rpe  of  roof  construction  and  the  kind 
of  truss.  For  wooden  trusses,  purlin 
connections  of  the  type  shown  in  Fig. 
146  are  in  common  use.  In  Fig.  (a) 
the  purlin  is  placed  on  the  top  of  the 
chord  section.  This  is  often  done 
when  a  deep  roof  covering  is  not  un- 
desirable. The  purlin  is  held  in  posi- 
tion and  prevented  from  overturning 
by  means  of  a  block  or  short  piece  of 

angle  nailed  or  bolted  to  the  top  chord,  as  shown  in  Fig.  (a).  Where  the  depth  of  the  roof 
construction  is  limited,  the  connection  shown  in  Fig.  (&)  is  used.  The  purlin  is  suspended  by 
means  of  a  strap  hanger,  or  by  means  of  one  of  the  patent  hangers  shown  in  Sect.  2,  Art.  1226. 
Figs,  (c)  and  (d)  show  details  of  connections  at  the  apex  of  the  truss  and  at  the  wall.  For  the 
design  of  such  connections  see  Art.  146.  Fig.  (e)  shows  a  type  of  connection  used  for  wooden 
purlins  on  steel  roof  trusses.  A  short  clip  angle  is  riveted  to  the  top  chord  and  the  purlin 
is  fastened  to  this  clip  angle  by  meaps  of  lag  screws. 

Purlins  for  steel  roof  trusses  are  generally  made  of  rolled  sections,  although  in  some  cases 
wooden  purlins  are  used,  as  shown  by  the  detail  of  Fig.  146  (e).    The  rolled  sections  most  used 
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aa  purlins  are  the  I-beam,  the  chaonel,  and  the  angle.    T-ban  and  Z-ban  & 

but  their  use  is  limited,  as  Z-bara  are  hard  to  obtain,  except  in  large  orders,  and  ai 

Sect.  1,  Art.  112,  the  T-bar  ia  not  an  ideal  beam  section.    In  selecting  rolled  sections  fromtk 

steel  handbooks,  it  is  best  to  use  the  section  of  minimuni  weight  for  any  given  depth,  : 

sections  are  stock  sites  and  are  easily  obtained.     A  list  of  standard  sections  is  given  in  Art.  13Q. 

Fii.   147  clvH  dstftili  of  l-beua.  ebaBseL  ui 

gle  purlin  coansctioDs.     Fie.  (■>)  ahom  ■■ 

snection.      The  DOnnaetioD  ia  nude    by  r 

Fie.  (i)  ihon  the  uaiu]  type  ot 

[lea  mad  ahuncb.     A  dip  ancle  ■  A* 

■Iiown.      Tbo  l«nxtb  tl  Ih 


Thli  atnuiieiiWDt    ia    not  alnn 

vny  ciMs  K  purlin  ia  not  naid  E 

Bkatohfifl  ihow  twD  ■flnerml  da^ 

«»  tlie  piulin  ii  faatened  dmrOi 

Id  Iha   olber,   kdegiutF  dina 

a  (op  ohoni  oan  Dot   bo  aaaariA 

(Ion,  tbe  Buaaet  plain  m 

id  the  purlin  ia  fwtoniid  to  the  plate  It 


ceaBTolly  uanL  wharu  a  very  wide  trim  gpftcing 

Qitta  lue  uauiUly  made  of  aufla  ot  nhmnael  ■ 

the  Bupportiaf  ooliuun.     For  apana  ef  IA  ft.  or  mc 

ealljr  to  the  eavoa.     Thii  reliavta  the  beudinc  at 


Purtina  for  truaa  apa^nc  sreater  tl 
ft.  can  not  be  provided  eoauDmieally  by  aincie  nM 
■hapee.  It  b  neeeaaary  to  uae  a  form  of  platt  ■ 
truaaed  (irder,  or  if  tba  apaD  ia  not  too  (rcat  i 
truaaed  purlin,  aaeh  Ba  (howD  in  Fi*.  14S.  eaa  la 
the  girdar  purlin  ia  used,  it  ia  iBoalr 
■»i  pcaitioD.      A  form  of  roof  tiv 

ride  proper  end  oonnectiona  far  tk 
of  the  type  ot  Flf.  144  «).  (k),  t; 
lenath  k  tiwd. 


Fi(.  ueahowethi 


ithmi  of  conneetlDS  tba  ■•ctio 
ne  of  tie  foiIb  whieb  extend  x 
id  perraita  the  uae  of  (mailer  aeetiona. 


Fio.  148,  Fro.  149. 

128.  Connectionsbetween Purlins andRoof  Covering. — Fig.  ISOshawsafewt^the  methodt 
used  in  fastening  the  roof  covering  to  the  purlins.  Fig.  (a)  shows  the  details  of  connectiopi 
between  rolled  steel  sections  and  plank  sheathing.  As  shown,  a  nailing  strip  is  fastened  tc 
section.  The  sheathing  is  then  nailed  to  this  strip.  Where  wooden  aiding  is  used,  it  is  fastened 
to  the  girts  in  a  similar  manner. 

Corrugated  steel  roofing  and  siding  are  fastened  to  the  purlins  or  girts  by  the  roetbob 
shown  in  Fig.  (6).  Clinch  nails  are  used  with  angle  purlins,  and  sometimes  with  the  amaDa 
channels.  The  nails  are  made  of  soft  wire,  and  are  cUnched  around  the  purUns.  Strap  fat 
ings  are  used  with  all  sections.  The  straps  are  made  of  No.  18  gage  steel  about  ^  in.  wiik. 
and  are  fastened  to  the  covering  by  a  stove  bolt  in  each  end  of  the  strap.     Clip  faoteninp  ut 
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made  of  No.  Ifl  gage  stod.  Ute  usual  dimensioiis  are  1)4  X  2H  ■!>•  They  axe  fastened  to 
the  GoveriDg  by  two  stove  bolts  at  one  end  of  the  dip  to  prevent  turning.  A  nailing  strip  is 
preferably  used  with  an  antinsondenaation  lining,  and  also  for  fastening  aiding  to  girta.  In  kU 
cases  the  fastenii^^  are  spaced  about  a  foot  apart. 


tit.  Bntdng  of  Roofs  and  BnUdiscs. — The  bracing  to  be  provided  for  a  roof  depends  upon 
the  character  and  use  of  the  building.  For  a  roof  supported  on  maaonry  walls,  the  object  of 
the  bracing  is  to  provide  a  atiff  rigid  structure  which  will  not  be  subjected  to  vibration  due  to 
machinery  or  moving 
loada,  such  as  cranes, 
etc.  In  the  caae  of  a 
roof  Bupported  on  ateel 
columna,  the  entire 
structure  is  depend- 
ent on  bracing  for 
stability  against  lat- 


al  fo: 


The 


trusses  must  be  thor- 
oughly braced  and  the 
columns  must  be  con- 
nected by  longitudinal 
and  trsaflverse  sya- 
tem'8  of  bracing. 
Without  suoh  bracing 
the  structure  would 
collapse  in  a  high  [ 
wind  storm  or  due  to 
fltreeses  and  vibration 
from  moving  loads, 
such  aa  cranes.  In 
general  it  can  be  said 
that  bracing  should 
be  so  located  that  the 
lateral  forces  will  be 
transmitted  as  di- 
rectly as  possible  to 
the  walls  and  foundationa  of  the  buildbg. 

Bracing  for  a  roof  supported  on  rigid  walla  is  not  subject  to  analyn's  for  atressee,  as  the 
forces  acting  on  the  bracing  are  indefinite  in  nature.  The  designer  must  use  hia  judgment, 
based  on  past  experience,  in  the  determination  of  the  form  of  bracing  and  the  make-up  of  tha 
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sections.     In  the  case  of  roofs  supported  on  columns  it  is  possible  to  detennine  approximate 
the  stresses  in  the  bracing.     This  problem  is  considered  in  detail  in  the  chapter  on  the  ' 
Design  of  a  Truss  with  Kne&-Braces." 

Roof  trusses  supported  on  columns  should  be  provided  with  bracing  for  the  truiHMa  ae 
also  bracing  for  the  columns.  Fig.  151  shows  the  relative  position  of  the  required  bracoi 
Every  third  or  fourth  pair  of  trusses  should  be  rigidly  braced  with  diagonals  placed  in  the  plan 
of  the  upper  and  lower  chords  of  the  trusses.  The  unbraced  trusses  between  the  pairs  of  braoi 
trusses  should  be  connected  to  the  others  by  unbroken  lines  of  struts  running  the  full  lengtta 
the  building  and  located  at  the  eaves,  the  apex  of  the  truss,  and  at  several  points  in  the  pl» 
of  the  lower  chord  of  the  truss,  at  distances  apart  depending  upon  the  width  of  the  buildii^ 
These  distanced  should  be  such  that  the  diagonals  of  the  bracing  will  form  angles  of  aboot^s 
deg.  with  the  loads  to  be  carried. 


Column  bracing  should  be  provided  for  the  bayp  in  whioh  the  tniases  are  braced,  as  shown  in  Fic-  (a).  TVi 
bracing  consists  of  rods  or  rolled  shapes.  The  bracing  should  be  so  arranged  that  the  members  make  angles  of  abas 
45  deg.  with  the  horisontal. 

A  system  of  bracing  is  also  to  be  provided  in  the  plane  of  the  ends  of  the  building.  This  bracins  most 
in  carrying  the  transverse  forces.  Two  forms  of  such  bracing  are  shown  in  Fig.  151.  Fig.  (e)  shows  a  knee-l>nai 
bent  similar  to  the  others.  This  truss  provides  the  required  bracing  for  transverse  forces,  and  also  Bupportiae 
of  vertical  members  which  carry  the  girts  and  siding.  The  horisontal  forces  brought  to  the  lower  chord  of  tfa 
truss  by  the  siding  are  resisted  by  the  horisontal  trusses  in  the  plane  of  the  lower  chord  of  the  main 

Pig*  (d)  shows  an  arrangement  of  vertical  beams  whioh  carry  the  girts  and  the  siding.     These 
part  of  their  load  to  the  bracing  in  the  plane  of  the  lower  chord  of  the  main  trusses.     Vertical  diagonal  braoiff 
provided  in  the  plane  of  the  end  of  the  building,  as  shown  in  Fig.  (d). 

Buildings  with  rigid  side  and  end  walls  of  masonry  require  bracing  only  in  the  planes  of  the  upper  and  lew 
chords  of  the  trusses.  This  bracing  can  be  of  the  same  general  form  as  described  above  for  the  roof  on  steel  i 
except  that  a  strut  is  not  required  at  the  eaves.  A  detail  design  of  bracing  for  a  roof  of  this  kind  is  given  is  m 
chapter  on  the  "  Detailed  Design  of  Steel  Roof  Truss.'* 

130.  Choice  of  Sections. — In  selecting  the  rolled  shapes  with  which  the  memben  of  ^ 
truss  are  to  be  formed,  the  designer  must  be  governed  not  only  by  the  required  area  but  ak 
by  the  ease  with  which  the  section  can  be  obtained  from  the  rolling  mills.  If  any  section  is  s 
great  demand,  it  will  be  rolled  at  frequent  intervals,  while  a  section  for  which  there  is  littk 
demand  will  be  rolled  only  when  the  orders  on  hand  will  warrant  a  rolling  of  the  section,  it 
often  happens,  therefore,  that  the  time  element  will  determine  the  section  to  be  used  iosttid 
of  the  stress  to  be  carried. 

The  sections  which  are  the  easiest  to  obtain,  as  a  rule,  are  those  of  minimum,  weight  fortk 
shape  in  question.  It  will  be  found  best  to  use  as  small  a  number  of  sections  and  sixes  ■ 
possible,  thereby  insuring  quick  delivery.  The  various  mills  and  large  bridge  companies  hsTc 
certain  standard  and  permissible  sections  for  which  quick  delivery  is  fairly  certain.  A  ehoct 
list  of  standard  and  permissible  sections  used  by  the  American  Bridge  Co.  is  given  in  Tabk  i 


Tabud  4* 


Standard  angles 


6"  X  6" 
4"  X  4" 

3K"  X  3H" 
3"  X  3" 
2>i"  X  2H" 


16" 

12" 

iff 


10 


20" 
18" 
15" 
12" 


6"  X  4" 
6"  X  3H" 
4"  X  3" 
3H"  X  3" 
3"  X  2M" 
2H"  X  2" 

Standard  channels 


Standard  I-beams 


8" 
6" 


10" 

8" 

6" 


Permissible  angles 


8"  X  8" 
6"  X  6" 
2yi"  X  2>i" 
2"  X  2" 


6"  X  3H" 
4"  X  3H" 
3H"  X  2H' 
3"  X  2" 


Permissible  channeb 

9" 

7" 

5" 
Permissible  I- 

24" 

9" 

7" 


*  Steel  Nfili  Buildings,  and  Structural  Engineers'  Handbook,  by  M.  a  Ketchum. 
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131.  Form  of  Members  for  Roof  Trusses. — Members  for  wooden  roof  trusses  are  made 
preferably  of  single  pieces  of  timber,  square  or  rectangular  in  shape.  Where  single  pieces  can 
not  be  obtained,  members  are  built  up  of  planks  securely  fastened  together  so  that  the  parts 
of  the  member  wUl  act  as  a  unit.  The  design  of  members  of  a  wooden  roof  truss  is  considered 
in  another  chapter. 

Fig.  152  shows  the  form  of  members  in  general  use  for  simple  roof  trusses  of  the  type  shown 
in  Fig.  144.  Compression  chord  and  web  members  are  made  up  as  shown  in  Fig.  (a).  For 
members  subjected  to  moderate  stresses,  too  angles  placed  back  to  back,  as  shown  in  Fig.  (a), 
will  provide  sufficient  area.  Angles  with  unequal  legs  are  preferable,  the  longer  legs  to  be  placed 
together.  In  this  way  the  ratio  of  length  to 
radius  of  gyration  of  the  combined  section 
for  axes  OX  and  OY  ot  Fig.  (a)  can  be  made  ~ 
equal,  or  nearly  so.  The  resulting  column 
is  then  of  equal  rigidity  in  all  directions. 
To  make  certain  that  the  two  angles  act  as  a 
unit,  they  must  be  riveted  together  at  in- 
tervals such  that  the  ratio  of  unsupported 
length  to  radius  of  gyration  for  a  single 
angle  is  equal  to  or  less  than  that  for  the 
combined  section.  This  detail  will  be  con- 
sidered further  in  Art.  156. 

Connections  between  chord  and  web 
members  are  made  by  separating  the  two 
angles  by  a  small  space  which  wUl  allow  a 
connecting  plate  to  be  inserted,  as  shown  in  (c) 
Fig.  (b).  This  space  between  the  angles  is 
maintained  over  their  entire  length  by  means 

of  ring  fills  or  washers  located  at  the  connecting  rivets.  The  size  and  shape  of  the  connecting 
plates,  which  are  known  as  gusset  plates,  depend  upon  the  number  of  rivets  to  be  provided  in 
the  connection. 

Where  very  large  stresses  are  to  be  carried,  the  forms  of  members  shown  in  Figs,  (c),  (c2), 
and  ifi)  are  used.  The  form  of  Fig.  (c)  shows  two  rolled  channels  in  place  of  angles,  and  Fig. 
{d)  shows  a  built-up  member  consisting  of  4  angles  and  1  plate.  In  some  cases  the  form  of  Fig. 
Sfi)  is  used.  This  form  consists  of  2  angles  and  1  plate.  The  plate  acts  as  a  part  of  the  chord 
member,  and  at  the  joints,  it  acts  as  a  gusset  plate,  similar  to  the  arrangement  shown  in  Fig.  (&). 

In  some  forms  of  trusses  the  purlin  spacing  is  such  that  purlins  must  be  placed  at  points  between  the  top 
chord  joints.  The  top  chord  section  is  then  subjected  to  bending  in  addition  to  direct  stress,  and  the  section  must 
be  designed  as  a  combined  beam  and  column.  Design  methods  are  given  in  Sect.  1,  and  in  the  design  of  Art.  158. 
For  members  subjected  to  moderate  stress  and  bending,  the  form  xA  member  shown  in  Fig.  (a)  can  be  used.  Figs, 
(c)  and  (d)  show  forms  adapted  for  large  moments  and  direct  stresses.  The  form  of  Fig.  (e),  although  often  used 
for  members  subjected  to  bending,  is  not  a  desirable  form  of  beam  section,  as  pointed  out  in  Sect.  1,  Art.  112.  This  is 
due  to  the  fact  that  the  top  chord  member  of  a  roof  trui^  is  continuous  from  end  to  end,  thus  forming  a  continuous 
sirder.  '  As  shown  in  Sect.  1,  the  moments  at  pcnnts  of  support  are  negative.  Therefore  the  narrow  edge  of  the 
plate  at  A,  iig.  (s),  is  in  compression.  As  this  plate  is  not  well  supported  at  the  joints,  it  is  likely  to  buckle  side- 
wise.     The  forms  of  Figs.  U)  and  (d)  are  not  subject  to  this  objection. 

Tension  members  are  also  made  of  two  angles  placed  as  shown  in  Fig.  (a).  Equal  legged  angles  can  be  used  for 
tension  members,  as  it  is  not  necessary  to  secure  equal  rigidity  in  all  directions.  Where  tension  members  are 
subjected  to  bending  as  well  as  direct  stress,  the  forms  of  Figs,  (c)  and  (d)  can  be  used. 

132.  Joint  Details  for  Roof  Trasses. — The  design  of  joint  details  of  a  roof  truss  is  a  matter 
of  the  greatest  importance.  An  investigation  of  the  causes  of  roof  truss  failures  will  show  that  in 
most  cases,  the  failure  can  be  traced  to  faulty  joint  details.  The  same  care  and  study  should 
be  devoted  to  the  design  of  joints  as  to  the  design  of  the  main  members. 

In  designing  joints,  a  point  of  great  importance  is  that  the  center  lines  of  all  members  enter- 
ing a  joint  should  meet  at  a  common  point,  which  should  be  located  at  the  intersection  of  the 
center  lines  of  the  truss  members,  as  shown  in  Fig.  153  (a).    If  this  point  is  overlooked,  as  shown 
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in  Fig.  (b),  where  the  intersection  point  of  the  diagonals  is  at  a  distance  a  from  the  line  of  actioG 
of  the  remaining  members,  there  is  set  up  a  bending  moment  Pc^  which  tends  to  twist  the  joni 
out  of  position.  This  moment  must  be  resisted  by  the  members  entering  the  joint.  Pn^ 
provision  should   be  made  fn 

■^^^''?"^^7^  <    »  >  /"""^^oTOiTS^  <    ■■  ^^®  increased   streases,  or  tia 

detail  should  be  changed  ao  s 
to  eliminate  the  moment. 

The  designer,  in  addhia 
to  satisfying  the  above  reqail^ 
ment,  should  carefully  tna 
the  stresses  from  the  seroil 
members  into  the  joint,  mtka^ 
certain  that  proper  connectin 

have  been  made,  and  that  all  parts  are  proportioned  to  care  for  the  stress  which  they  miybt 

called  upon  to  carry. 

Most  tpeoifioatioDB  state  that  syinmetrical  sections  shall  be  used  for  principal  members.  Others  allcw  the  v 
of  single  angles  for  membera  with  small  stress.  Fig.  154  shows  a  oonneotion  made  for  a  member  composed  «fi 
symmetrical  section  and  another  made  of  a  single  an^e.  In  Fig.  (b)  is  shown  a  symmetrical  member  runipeii 
of  two  equal  angles,  one  on  each  side  of  the  gusset  plate.  The  stress  in  the  membc  ean  then  be  eonaidered  as  hnnfii 
directly  to  the  gusset  plate.  In  Fig.  (a),  where  a  sin^e  an^e  is  used,  the  center  line  of  the  member  and  the  pbs 
of  the  truss  do  not  coincide.  The  member  is  then  subjected  to  a  direct  stress  P  and  a  bending  moment  M  ^h 
where  a  is  the  distance  from  the  center  of  gravity  of  the  angle  to  the  plane  of  the  truss.  For  the  oonditaons  ibn 
in  Fig.  (a),  the  design  must  be  carried  out  by  the  methods  given  in  Sect.  1  for  bending  and  direct  mitum.  TV 
usual  methods  often  neglect  entirely  the  effect  of  the  eccentric  connection,  which  leads  to  a  faulty  design. 

In  addition  to  the  large  bending  stresses  in  the  member  in  question,  as  shown  in  the  detail  of  f  ig.  154(a),  ti» 
is  also  present  the  effect  of  the  eccentric  load  on  the  other  truss  members.  A  load  applied  to  the  side  of  a  piste,  s 
shown  in  Fig.  (a),  tends  to  twist  the  top  chord  out  of  line,  thereby  setting  up 
additional  stresses  in  the  chord  seolion.      It  therefore  seem«  best  to  specify  ^P 

that  all  members  carrying  calculated  strees  shall  be  composed  of  symmetrical 
sections,  or  sections  which  will  allow  a  symmetrical  connection  of  the  form  shown  ^t  i 
in  Fig.  (6)  to  be  made. 

The  methods  of  design  for  joint  and  member  connections,  and  the  general 
methods  of  detailing  have  been  given  in  Sect.  2.  Application  of  the  principles 
of  this  article  and  of  the  chapten  quoted  will  be  found  in  the  design  of  roof 
trusses  given  in  later  chapters. 

133.  Loadings  for  Roof  Trasses. — The  load  to  be  carried 
by  a  roof  truss  consists  of  the  weight  of  the  truss,  the  roof    ^\ 
covering,  purlins,  bracing,  and  any  other  loads,  such  as  ceilings, 
suspended  floors,  and  machinery,  etc.,  in  factory  buildings.     In 

addition  to  these  loads,  the  roof  must  be  designed  to  carry  the  maximum  wind  and  nunr 
loads  which  experience  shows  are  likely  to  occur  in  the  particular  locality.  These  loads  «il 
be  considered  in  the  following  articles. 


Fig.  164. 


Table  6. — Weights  of  Building  MATEBiAiiS 

(Pounds  per  square  foot) 

Copper  roc^ng,  sheets ly^ 

Corrugated  iron,  painted  or  galvanised 

No.  26, 1  lb. ;  No.  24,  1.3  lb. ;  No.  22, 1.6  lb. ;  No.  20, 1.9  lb. ;  No.  18. 2.6  lb. ;  No.  16.  3.3  lb. 

Felt  and  asphalt  roofing 2 

Felt  and  gravel  roofing 8  to  10 

Plastered  ceiling 1q 

Sheathing.  1  in.  thick 

White  pine,  hemlock,  spruce 3 

Yellow  southern  pine 4 

Shingles,  common 2^^  to  3 

Skylights,  including  frames 

f^-in.  glass,  4H  lb.;  5Ks-in.,  5  lb.;  ^-in.,  6  lb. 

Tile,  corrugated,  8-10;  flat,  15-20. 

Tin,  sheets  or  shingles « Ito  IM 
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When  a  roof  tnuB  is  to  be  designed  to  carry  additional  loads  of  the  nature  mentioned  above, 
the  amount  of  these  loads  must  be  determined,  together  with  their  points  of  application  on  the 
truss.  The  maTimum  stresses  in  the  members  of  the  truss  are  then  to  be  determined  by  the 
methods  of  Sect.  1,  or  in  certain  oases,  the  stress  coefficients  of  the  following  chapter  can  be  used. 
To  assist  in  the  calculation  of  these  loads  there  is  given  in  Table  5  the  weights  of  building  mate- 
rials in  common  use  for  roofing. 

134.  Weight  of  Roof  Trusses. — The  weight  of  a  roof  truss  must  be  known  before  the  true 
maximum  stresses  can  be  determined.  8ince  the  size  of  the  members,  and  therefore  their  true 
weight,  is  dependent  upon  the  stresses,  it  follows  that  the  true  weight  of  the  truss  must  be 
known  before  a  correct  design  can  be  made.  The  true  weight  of  a  truss  can  be  determined 
by  cut  and  try  methods.  A  preliminary  design  can  be  made  using  an  assumed  weight.  The 
weight  of  the  structure  as  designed  can  then  be  determined  and  the  assumed  and  calculated 
weights  compared.  If  these  weghts  do  not  agree  within  a  reasonable  limit,  another  design 
must  be  made,  using  an  estimated  weight  based  on  the  calculated  weight  of  the  preliminary 
design.    This  process,  if  repeated,  will  finally  lead  to  the  desired  true  weight. 

In  general  it  will  be  found  that  for  trusses  of  moderate  sise,  spans  of  80  feet  or  less,  the 
weight  of  the  truss  is  a  small  part  of  the  total  load  to  be  carried.  Tlie  greater  part  of  the  load, 
as  the  weight  of  the  roofing,  purlins,  bracing,  and  the  wind  and  snow  loads,  can  be  determined  as 
soon  as  the  local  conditions  are  known.  For  trusses  of  the  size  mentioned,  it  will  be  found  that 
the  weight  of  the  truss  represents  about  10  or  15  %  of  the  total  load  to  be  carried.  Therefore 
the  preliminary  estimate  of  truss  weight  need  not  be  very  accurate,  as  a  relatively  large 
error  in  the  estimated  weight  will  result  in  a  small  error  in  the  total  load.  Thus,  if  the  dead 
load  be  15%  of  the  total  load,  and  an  error  of  30%  be  made  in  estimating  the  dead  load, 
the  resulting  error  is  0.3  X  15  »  4.5  %  of  the  total  load.  It  is  therefore  probable  that  the 
true  weight,  as  determined  by  the  process  outlined  above,  can  be  found  from  the  second  trial 
design. 

Bridge  companies  and  designing  engineers  have  collected  the  actual  shipping  weights  of 
roof  trusses  of  moderate  span  designed  for  a  great  variety  of  loading  conditions.  From  this 
information  empirical  formulas  have  been  derived  from  which  it  is  possible  to  estimate  the 
approximate  weight  of  a  given  truss.  Instead  of  using  the  long  process  indicated  above,  the 
weight  of  a  truss  is  calculated  from  a  selected  formula.  If  the  proper  formula  has  been 
used,  the  actual  and  assumed  weights  will  usually  be  found  to  agree  within  reasonable  limits, 
and  a  revision  will  not  be  necessary. 

The  factors  which  influence  the  weight  of  a  roof  truss  are  the  type  of  truss,  pitch  of  roof, 
character  of  roof  covering,  distance  between  trusses,  amount  and  distribution  of  loading,  as- 
sumed combinations  of  loading,  working  stresses,  general  requirements  of  the  specifications  as 
to  details  and  minimum  thickness  of  material,  and  the  personal  equation  of  the  designer.  It 
can  be  seen,  then,  that  a  formula  for  roof  truss  weight,  in  order  to  yield  reliable  results,  must  be 
used  for  the  conditions  for  which  it  was  derived.  In  most  cases  this  information  is  not  given 
with  the  formula.  As  there  are  so  many  factors  which  effect  the  weight  of  a  truss,  it  is  to  be 
expected  that  the  formulas  collected  from  different  sources  will  not  agree.  An  interesting 
comparison  of  this  nature  made  by  R.  Fleming  is  given  in  the  Eng.  News^Recordf  Vol.  82,  No. 
12,  March  20,  1919,  p.  576,  to  which  the  reader  ia  referred. 

From  an  ezaini&ation  of  the  weisht  data  for  a  large  number  of  simple  roof  iniBoes  of  yi  pitch  supported  on 
masonry  walb,  the  weight  per  sq.  ft.  of  horisontal  covered  area  was  found  to  range  from  about  2  to  2.6  lb.  for  spans 
of  30  ft.,  to  about  6  or  0  lb.  for  spans  of  100  ft.  Within  these  limito  the  weight  of  bracing  was  found  to  vary  from 
about  0.3  to  0i8  lb.  Trusses  of  greater  or  less  slope  were  found  to  have  weights  differing  from  6  to  25  %  of  the  values 
given  above.  The  variation  in  weight  due  to  different  loadings  was  found  to  be  equal  to  from  25  to  75  %  of  the 
change  in  loading.  Trusses  with  cambered  lower  chords  were  found  to  weigh  from  16  to  40%  more  than  corre- 
sponding trusses  with  flat  chords. 

The  formulas  on  p.  466  are  a  few  of  those  proposed  for  the  determination  of  the  weight  of  roof  trusses. 
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Table  6. — Formulas  for  Weight  of  Roof  Trusses 

Formulas  for  Wooden  Roof  TruascB 

w  -  0.04L  +  0.000167L«  N.  C.  Ricker 

u»  -  0.5    +  0.075L  H.  8.  Jacoby 

w  -  0.75  (1  +  O.lOIr)  M.  A.  Howe 

Formulas  for  Steel  Roof  Trusses 

v>  -  O.OfiL  +  0.6  for  heavy  loads  \  p   p.   p,      , 

w  =.  0.04L  +  0.4  for  light  loads     /  ^-  **   *  o*^**"" 

w  -  0.20  iVL  +  0.1 25L)  Carn^e  Handbook 

For  40  lb.  per  sq.  ft.  capacity.     For  other  loads  miiltiply  formiila  by  ratio:  Load  per  sq.  ft.  +  40. 
Formula  for  steel  mill  building  trusses 

w  -  ^(^  +  -^)  M.  S.  Ketchum 

In  the  above  formulas,  to  >-  weight  of  tru6S  in  lb.  per  sq.  ft.  of  horisontal  covered  area,  L  »  span  ia  i« 
A  ■■  distance  between  centers  of  trusses  in  feet,  and  P  ■■  oapaoity  of  truss  in  pounds  per  sq.  ft.  of  horisKiL 
covered  area. 

In  roof  trusses  for  large  structures,  such  as  long  span  trusses  for  train  sheds  or  auditoriumiip  the  dead  veiskd 
the  trusses  form  a  large  part  of  the  total  load  to  be  carried.  The  weight  of  the  trusses  must  then  be  known  v^ 
much  narrower  limits  than  in  the  case  of  short  spans.  As  long  sx>an  roof  trusses  are  not  as  common  as  tixsc  c 
shorter  spans,  there  is  available  very  little  weight  data  from  which  to  derive  weight  formulas.  Also,  the  coiulitiMi 
to  be  met  differ  so  widely  that  a  general  formula  available  for  all  cases  is  entirely  oiit  of  the  question.  The  < 
must  then  resort  to  the  cut  and  try  method  outlined  above  for  the  determination  of  the  weight  of  the 


136.  Wind  Loads. — The  maximum  wind  load  to  be  carried  by  a  roof  has  been  detemused 
by  experiment  and  by  observation  of  the  results  of  severe  wind  storms.  Experiments  show  Hat 
the  pressure  on  a  plane  surface  normal  to  the  direction  of  the  wind  varies  approximately  witi 
the  square  of  the  wind  velocity.  From  experiments  made  at  Mt.  Washington  in  1890,  FtaL 
Marvin  derived  the  formula* 

P  =  0.0047« 

where  V  »  velocity  of  wind  in  miles  per  hour,  and  P  —  pressure  in  pounds  per  sq.  ft^  Litff 
experiments  made  at  the  Eiffel  Tower  and  at  the  National  Physical  Laboratory  of  Englaai 
gave  results  in  close  agreement,  but  with  somewhat  smaller  values  than  obtained  by  Piti. 
Marvin.     The  observed  values  are  expressed  by  the  formula 

P  =  0.0032  F» 

It  was  found  by  observation  that  the  pressure  varied  greatly  over  a  large  area,  due  to  tk 
variable  character  of  the  wind.  During  the  erection  of  the  Forth  Bridge,  Sir  Benjamin  Bakr 
found  that  the  ratio  of  unit  pressure  upon  an  area  of  IM  sq.  ft.  to  that  on  an  area  of  300  sq.  fv 
varied  from  1.3  to  2.5,  averaging  L5.  During  a  seven  year  period  the  maximum  observed  pre- 
sure  on  the  smaller  area  was  41  lb.  per  sg.  ft. ;  while  that  on  the  larger  area  was  27  lb.' 

No  measurements  have  been  made  of  wind  pressures  during  tornadoes.  Damage  resuhix 
to  structures  during  the  St.  Louis  tornado  of  1896  indicated  that  there  must  have  been  a  pressyn 
of  60  lb.  per  sq.  ft.  on  a  length  of  180  ft.'  A  study  of  the  effects  of  tornadoes  made  by  C.  Sbsk 
Smith  and  others  leads  to  the  conclusion  that  the  maximum  wind  pressures  are  exerted  over  i 
comparatively'  small  width,  and  that  pressures  exceeding  30  lb.  per  sq.  ft.  are  not  likely  to  extai 
over  a  width  exceeding  60  ft.* 

A  study  of  the  above  data  indicates  that  a  maximum  pressure  of  30  lb.  per  sq.  ft.  is  am|tf 
for  structures  in  an  exposed  position.  For  structures  in  a  protected  position,  20  to  25  lb.  per 
sq.  ft.  is  ample. 

The  results  quoted  above  are  for  surfaces  perpendicular  to  the  direction  of  the  wind,  whidk 
is  assumed  as  horizontal.  In  the  case  of  roof  trusses,  the  roof  surface  is  usually  inclined  to  tb 
horizontal,  and  therefore  to  the  direction  of  the  wind.  It  is  usually  assumed  that  the  resuhsirt 
pressure  of  the  wind  is  entirely  normal  to  the  roof  surface.  This  assumption  is  reasonabk 
since  the  friction  of  the  air  on  comparatively  smooth  surfaces  is  very  small.  The  component  a 
wind  pressure  parallel  to  the  roof  can  then  be  neglected  without  sensible  error. 

»  Enff.  News,  Dec.  13,  1890.  '  Trans.  Am.  Soc.  C.  E.,  Vol.  XXXVII,  p.  221. 

•  Engineering,  Feb.  28,  1890.  *  Trans.  Am.  Soc.  C.  E.,  Vol.  LIV,  pu  37. 
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The  preasure  on  surfaoes  inclined  to  the  direction  of  thv  wind  has  been  determined  by  experiment.  Experi- 
ments made  in  1829  by  Col.  Duohemin,  a  French  army  officer,  are  the  basis  of  the  Duohemin  formula,  which  is 
considered  to  give  the  most  reliable  results  and  to  represent  the  best  knowledge  on 
the  subject.     The  Duchemin  formula  is 

p    _  n  2sin« 
1  +  Sin*  a 

where  P  ■■  unit  pressure  in  lb.  per  sq.  ft.  on  a  surface  perpendicular  to  the  direction  of 
the  wind,  Pm  ■>  component  of  pressure  normal  to  the  roof,  and  a  »  angle  which  the 
inclined  surface  makes  with  the  direction  of  the  wind.  The  vertical  and  horisontal 
components  of  Pa,  shown  in  Fig.  166,  are  given  by  the  formulas 


Fig.  155. 


Pk 


2  sin*  a 


and 


P. 


.2  sin  a  cos  a 


1  +  sin*  a  1  +  sin*  a 

where  Pk  and  Pv  are  respectively  the  horisontal  and  vertical  components  of  the  unit  piessure.    Table  7  gives 
values  of  P%  for  various  angles. 

Table  7. — ^Wind  Load  in  Pounds  per  Squabe  Foot  of  Roof  Surface 


Inclination 

Normal  pressure,  P« 

P  -  30  lb. 

P  -  20  lb. 

5* 

10« 

15" 
21^  48'  5"  (H  pitch) 
26'  33'  54"  (  Mpitch) 

Z(f 
33»  41'  24"  (H  pitch) 
46**    iyi  pitch) 

60» 

90» 

5.1 
10.1 
14.6 
19  8 
22.4 
24.0 
25.6 
28.3 
29.7 
30.0 

3.4 
6.7 
9.7 
13.1 
14  9 
16.0 
17.0 
18.9 
19.8 
20  0 

Experiments  made  on  small  scale  models  of  buildings  indicate  that  the  action  of  the  wind  causes  a  suction  on  the 
leeward  side  of  the  builaing  in  addition  to  the  pressure  on  the  windward  side.  An  account  of  these  experiments  will 
be  found  in  the  Proo.  Inst.  Civ.  Engrs.,  Vol.  CLVI,  p.  78,  Vol.  CLXXI,  p.  176;  and  in  the  Journ.  Western  Soc. 
£nSTB.,  Feb.,  1911,  Apr.  and  Dec,  1912.  While  this  suction  undoubtedly  exists,  as  shown  by  the  bursting  effeot  of 
tornadoes,  it  is  difficult  to  formulate  a  set  of  practical  conditions  to  be  used  as  a  basis  for  designing.  The  expenments 
quoted  above  were  made  on  small  models,  dosed  on  the  leeward  side.  Open  windows  on  the  leeward  side  of  a  shop 
building,  or  monitors  ar  the  ridge,  will  relieve  all  or  a  part  of  the  pressure  due  to  suction.  This  action  should  be 
recognised  and  provided  for  to  the  extent  of  making  all  members  capable  of  resisting  a  reversal  of  stress,  and 
by  providing  proper  anchorage  of  trusses. 

136.  Snow  Loads* — The  snow  load  to  be  carried  by  a  roof  truss  is  a  variable  quantity, 
depending  upon  the  slope  of  the  roof,  the  latitude,  and  the  humidity.  Dry  freshly  fallen  snow 
weighs  about  8  lb.  per  cu.  ft.,  and  may  attain  a  depth  of  3  ft.  on  flat  roofs.  Packed  or  wet 
snow  weighs  about  12  lb.  per  cu.  ft.,  but  seldom  will  be  found  at  greater  depths  than  18  in. 

Table  8  gives  snow  loads  for  various  latitudes  and  roof  pitches. 

Table  8. — Snow  Loads  fob  Roof  Trusses 
(Pounds  per  sq.  ft.  of  roof  surface) 


Location 

Pitch  of  roof 

H 

>i 

Va 

>i 

Flat 

Southern  States  and  Pacific  Slope 

Central  States 

•     t 

0-0 

0-5 

O-IO 

0-10 

0-12 

•     t 

0-5 

7-10 

10-15 

10-15 

12-18 

•     t 
0-5 
15-20 
20-25 
20-25 
25-30 

5 
22 
27 
35 
37 

5 
30 
35 
40 
45 

Rocky  Mountain  States 

New  England  States 

Northwest  States 

*  For  slate,  tile,  or  metal  roofs,     t  For  shingle  roofs. 
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137.  Combinations  of  Loads. — ^The  proper  combination  of  wind  and  snow  load  tobeined 
with  the  dead  load  for  the  determination  of  the  maximum  stresses  in  the  members  of  a  tma  k 
largely  a  matter  of  judgment  on  the  part  of  the  designer.  It  is  generally  assumed  that  the  wind 
pressure  acts  normal  to  the  windward  surface  of  the  roof,  there  being  no  pressure  on  the  leeward 
surface.  The  unit  pressure  on  a  vertical  surface  is  generally  taken  at  30  lb.  per  sq.  ft.  for  expend 
structures  and  at  20  lb.  per  sq.  ft.  for  sheltered  structures.  Pressures  on  inclined  surfaces  ire 
usually  determined  by  the  Duchemin  formula  for  which  values  are  given  in  Table  7  of  Art  13Sl 
The  snow  loads  are  given  by  Table  8  of  Art.  136. 

Some  designers  assume  that  the  maximum  stresses  in  a  roof  truss  are  due  to  the  dead  load 
and  a  combination  of  the  full  wind  and  snow  loads  acting  at  the  same  time.  This  does  not  ma 
to  be  a  reasonable  assumption,  for  it  implies  that  the  snow  remains  undisturbed  under  a  wisd 
velocity  of  100  miles  per  hour.  A  wind  storm  of  this  intensity  would  blow  all  of  the  sno^  of 
a  roof  as  fast  as  it  falls. 

Wet  snow  or  sleet  is  likely  to  adhere  to  the  roof  surface  even  in  a  high  wind,  but  the  depth 
of  such  a  deposit  will  seldom  be  greater  than  one-half  of  the  probable  maximum  for  that  regioiL 
It  would  then  seem  best  to  provide  for  the  maximum  wind  load  and  a  snow  load  equal  to  one-liilf 
the  value  given  in  Table  8.  In  some  cases  the  minimum  snow  is  assumed  to  be  10  lb.  per  a;. 
ft.  of  roof  for  all  slopes.  To  provide  for  the  condition  that  a  heavy  snow  storm  may  be  accom- 
panied by  a  light  wind,  it  is  sometimes  specified  that  the  maximum  snow  load  shall  be  oombined 
with  a  wind  pressure  of  such  intensity  that  the  snow  load  will  not  be  disturbed.  This  wind 
pressure  is  estimated  at  from  M  to  ^  of  the  maximum  wind  pressure. 

Other  designers  assume  that  the  snow  load  exists  only  on  the  leeward  surface  of  the  tnn 
in  combining  wind  and  snow  loads.  This  assumption  does  not  seem  reasonable,  as  eddy  cur- 
rents ar6  set  up  on  the  leeward  surface  of  the  truss  due  to  the  reduction  of  pressure  caused 
by  the  wind  blowing  over  the  top  of  the  roof.  These  currents  of  air  tend  to  clear  the  leewaid 
surface  of  all  snow. 

The  combinations  of  loading  which  seem  to  be  most  reasonable,  and  to  approximate  actnsl 
conditions  are : 

(a)  Dead  load  and  maximum  snow  load. 

(b)  Dead  load,  maximum  wind  load,  and  one-half  the  snow  load  or  a  minimum  snow  kid 
of  10  lb.  per  sq.  ft.  of  roof. 

(c)  Dead  load,  one-half  or  one-third  wind  load,  and  maximum  snow  load. 

The  stress  to  be  used  in  the  design  of  the  member  is  the  greatest  obtained  from  these  combi- 
nations. In  a  region  of  moderate  snow  fall  it  will  be  found  that  the  stresses  obtained  for  (6)  aad 
(c)  are  practically  equal  for  trusses  of  the  type  of  Fig.  144.  For  very  large  roofs  of  varyici: 
slopes  both  combinations  must  be  tried  out  to  determine  the  maximum  stress.  Where  i 
heavy  snow  fall  occurs,  as  in  the  far  North,  it  is  very  likely  that  cases  (a)  or  (c)  will  give  ibt 
maximum  stress. 

It  has  been  found  that  for  simple  roof  trusses  of  the  t3rpe  shown  in  Fig.  144  resting  oi 
masonry  walls,  the  maximum  stresses  due  to  wind  and  snow  loading  for  cases  (b)  and  (c)  (fe 
not  differ  materially  from  those  determined  for  a  imiform  vertical  load  over  the  entire  roof 
surface.  The  great  advantage  of  such  a  method,  for  the  cases  to  which  it  will  apply,  is  tlie 
ease  with  which  the  stresses  can  be  determined.  By  means  of  the  tables  of  stress  coefficiestt 
given  in  the  chapter  which  follows,  the  time  spent  in  stress  calculation  can  be  reduced  greatbr. 


Before  this  short  out  method  of  strees  calculation  ia  applied  to  the  determiDation  of  the  streeaeB  iu  a  siven 
it  is  necessary  to  know  the  limitations  of  the  method.  Comparative  strees  calculations  made  by  the  nnif^ 
vertical  load  method  and  by  the  normal  wind  load  method  for  trusses  of  the  Fink,  Pratt,  and  Howe  tyi>e.  as  shorn 
in  Figs.  144(a)  to  (k)  incl..  and  (p)  show  that  for  wind  effect  only,  the  first  method  of  calculation  gives  chord  wUmte 
which  are  greater  than  those  obtained  by  the  second  method,  while  the  second  method  gives  streeses  in  some  of  t^ 
interior  members  which  are  greater  than  those  obtained  by  the  first  method.  In  no  case  was  a  reversal  of  Mbm 
found  to  occur.  Since  the  stresses  due  to  wind  form  from  H  to  M  of  the  total  stress  in  the  members,  it  was  fooc 
that  when  the  oombined  effect  of  the  dead,  snow,  and  wind  loads  was  considered,  the  total  stresses  obtained  by  d» 
two  methods  were  close  enough  for  all  practical  purposes. 

One  of  the  important  points  in  a  short  cut  method  of  this  nature  is  the  selection  of  the  proper  eQuirskac 
uniform  load  to  be  used.  This  is  a  matter  on  which  the  designer  must  use  his  judgment.  Before  deciding  oa  tk 
load  to  be  used,  the  designer  shoiild  make  a  study  of  the  case  in  hana.     Sy  trial  an  equivalent  load  can  be 
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mined  which  will  answer  the  conditions.     This  load  will  differ  for  trusses  of  different  types,  a  point  which  must  be 
ehecksd  up  by  the  designer.     Table  0  sivee  values  of  combined  wind  and  snow  loads. 

Table  9. — Combined  Wind  and  Snow  Loads  for  Roof  Trttsseb 

(Pounds  per  sq.  ft.  of  roof  surface) 


Looation 

PltQh  of  roof 

60* 

43» 

H 

m 

H 

H 

Flat 

Northwest  States 

30 
30 
30 
30 
80 

30 
30 
30 
30 
30 

25 
25 
25 
25 
25 

30 
25 
25 
25 
25 

37 
35 
27 
22 
22 

45 
40 
35 
30 
20 

New  England  States 

Rocky  Mountain  States 

Central  States 

Southern  and  Pacific  States 

A  point  which  comes  up  in  the  determination  of  the  areas  of  the  sections  for  the  members  of  a  roof  truss  is  the 
working  stresses  to  be  used  for  the  different  kinds  of  loadings.  Moet  designers  determine  the  maximum  stresses  by 
either  of  the  methods  mentioned  above  and  apply  the  same  working  stresses  for  all  loadings. 

In  deciding  this  point,  it  should  be  noted  that  the  loads  carried  by  a  roof  truss  differ  in  nature.  Thus  the  dead 
load  is  always  present,  and  must  be  included  in  all  combinations  of  loading.  The  snow  load  is  notslways  present, 
but  when  present,  it  can  be  expected  to  exist  for  a  considerable  time.  For  loads  of  the  character  of  the  dead  and 
snow  loads,  which  may  be  considered  as  permaneut  loads,  the  allowable  working  stresses  as  specified,  should  be  used. 
The  wind  load,  on  the  other  hand,  is  quite  variable  in  nature.  From  the  values  given  in  Art.  135,  the  specified 
wind  load  of  30  lb.  per  sq.  ft.  is  due  to  a  wind  velocity  of  about  100  miles  per  hour.  Such  a  wind  pressure  is  then  an 
extreme  condition  which  is  encountered  but  few  times  in  the  life  of  a  structure,  and  then  only  for  very  short  intervals 
of  time.  Maximum  wind  pressure  can  then  be  classed  as  an  occasional  loading,  and  the  working  stresses  modified 
accordingly.  This  point  has  been  discussed  by  R.  Fleming  in  an  excellent  series  of  articles  on  "Wind  Stresses."^ 
He  recommends  that  the  working  stresses  for  wind  loads,  when  combined  with  dead  and  snow  loads,  be  increased 
50%.  This  is  done  by  decreasing  the  intensity  of  the  unit  wind  pressu*^  by  H.  and  applying  the  same  working 
stresses  as  for  the  dead  and  snow  loads.  Further  discussion  of  this  question  will  be  found  in  the  chapters  on  steel 
roof  truss  design. 


ROOF  TRUSSES— STRESS  DATA 
By  W.  S.  Kinnb 

188.  Stress  Coefficients.— Where  the  stresses  are  to  be  calculated  for  a  great  many  struc- 
tures, in  which  the  type  of  truss  and  the  character  of  loading  are  exactly  the  same,  the  time 
spent  in  stress  calculation  can  be  reduced  greatly  by  the  use  of  stress  coefficients.  A  type  of 
structure  to  which  the  calculation  of  stresses  by  coefficients  is  readily  adapted  is  the  roof  truss, 
for  which  in  general  the  applied  loads  consist  of  equal  panel  loads  placed  at  the  panel  points  of 
the  truss.  Since  in  general  it  is  possible  to  arrange  the  calcidations  so  that  the  only  variable 
is  the  amount  of  the  equal  applied  loads,  which  for  convenience  are  taken  as  unit  loads,  the 
stresses  in  all  members  of  the  truss  can  be  expressed  as  a  function  of  the  form  of  the  truss  and 
the  position  of  the  loads.  This  factor  is  known  as  /  stress  coefficient.  If  then,  the  panel  loads 
are  determined,  subject  to  conditions  depending  upon  the  size  of  the  truss  and  the-intensity  of 
the  applied  loads,  the  stress  in  any  member  is  obtained  by  multiplying  the  actual  panel  load  by 
the  stress  coefficient  for  the  member  in  question. 

In  the  present  chapter,  tables  of  stress  coefficients  have  been  worked  out  for  some  of  the 
standard  forms  of  roof  trusses.  A  general  formula  is  given  by  which  the  stress  coefficient  for 
any  member  is  expressed  in  terms  of  the  form  of  the  truss.  Special  numerical  values  of  these 
coefficients  have  been  calculated  and  are  tabulated  for  a  few  of  the  pitch  ratios  generally  used 
in  practice.  A  more  complete  discussion  of  the  conditions  to  which  the  tables  apply  will  be 
given  in  the  following  articles. 
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The  numerical  values  of  the  strese  coefficients  given  in  the  tables  at  the  end  of  this  chapter  have  been 
to  three  significant  figures.  Therefore,  all  stresses  calculated  from  these  tables  are  accurate  only  to  three 
oant  figures.  For  example:  Suppose  that  the  panel  load  for  a  given  truss,  calculated  by  the  methods  given  ia  tfa 
chapters  on  the  "Detailed  Design  of  Roof  Trusses"  is  3,520  lb.,  and  suppose  that  the  stress  coefficient  for  the  menbr 
whose  stress  is  desired  is  4.52.  Assuming  three  figure  accuracy,  the  stress  in  the  member  is  3,520  X  4.52  •>  15JB 
lb.  It  is  of  course  possible  to  multiply  out  these  quantities,  obtaining  the  result,  3,520  X  4.52  *■  15.9IO.40IL 
But  sinoe  in  calculating  the  coefficients  we  retain  only  three  significant  figures,  the  coefficient  4.52  may  meaa  vq- 
thing  from  4.515  to  4.525,  and  the  corresponding  products  will  be  3,520  X  4.515  -  15,892.80,  and  3,520  X  4.52$  * 
15,928.00.  However,  as  the  original  data  iis  accurate  only  to  three  places,  it  is  quite  evident  that  the  result  of  iir 
manipulation  of  these  data  can  be  accurate  only  to  the  same  number  of  places.  If  we  decide  to  retain  only  tkra 
significant  figures  in  the  above  multiplications,  we  proceed  to  discard  any  figures  in  the  fourth  plaee  below  a  fivi 
and  retain  any  figure  in  the  fourth  place  above  the  five  by  changing  the  third  significant  figure  to  the  next  lugte 
number.  Thus  in  each  case  the  result  is  found  to  be  15,900  lb.  It  will  be  noted  that  in  each  case  the  change  bs^ 
is  less  than  1  %  of  the  result.  From  an  examination  of  the  design  tables  given  in  the  chapters  on  the  "Detsik* 
Design  of  Roof  Trusses"  it  can  be  seen  that  stresses  obtained  with  this  degree  of  accuracy  are  close  enoogit  ir 
all  designing  conditions. 

If  the  designer  desires  more  accurate  results,  he  can  make  the  proper  substitutions  in  the  general  formulsifir 
the  stress  coefficients,  retaining  the  desired  number  of  significant  figures. 

139.  Arrangement  of  Tables  of  Stress  Coefficients — Notation  Adopted. — The  tables  d 
stress  coefficients  given  at  the  end  of  this  chapter  have  been  made  lip  for  some  of  the  standanl 
forms  of  roof  trusses  of  the  type  shown  in  Fig.  144,  p.  455.  In  each  of  these  tables,  a  truss  ^ 
gram  shows  the  form  of  the  truss  and  the  position  of  the  applied  loads.  Each  member  of  tbe 
truss  is  represented  by  a  number,  which  is  placed  on  the  truss  diagram.  By  locating  the  mes- 
ber  whose  stress  is  desired,  its  reference  number  can  be  determined,  and  by  looking  up  thi 
reference  number  in  the  table,  the  stress  in  the  member  can  be  determined.  Where  sern 
members  have  equal  stresses,  the  same  reference  nimiber  has  been  used. 

Two  methods  have  been  used  to  indicate  the  kind  of  stress  in  the  members.  One  metiiod 
indicates  the  character  of  the  stress  by  the  weight  of  the  lines  used  in  the  loading  diagram  at  tk 
head  of  each  table.  Heavy  lines  denote  compression,  light  lines  denote  tension,  and  dotted 
lines  denote  zero  stress.  The  other  method  indicates  the  character  of  the  stress  by  means  of 
the  sign  used  with  the  numerical  value  of  the  stress  coefficient.  A  plus  sign  is  used  to  indi- 
cate tension,  and  a  minus  sign  is  used  to  indicate  compression.  There  are  a  few  members  is 
the  trusses  of  Tables  27  and  28  for  which  a  reversal  of  stress  occurs.  In  such  cases  the  ags 
given  with  the  stress  coefficient  must  be  used  to  obtain  the  character  of  the  stress. 

In  deriving  the  stress  coefficients,  it  was  found  convenient  to  express  them  in  terms  of  the  ratio  of  span  kofft 
to  height  of  truss  at  the  span  center.  The  resulting  ratio,  which  is  denoted  by  n,  is  given  by  the  expressioa  «  « 
l/h,  where  I  "  span  length  and  h  «  height  of  truss.  It  will  be  noted  that  this  ratio  is  the  reciprocal  otthejpiukd 
the  truss,  as  defined  in  the  chapter  on  "Roof  Trusses — General  Design."  In  calculating  the  numerical  values  of  tk 
stress  coefficients,  substitutions  were  made  in  the  general  formulas  for  the  pitch  ratios  in  general  use.  If  values  ftr 
other  pitch  ratios  are  desired,  they  can  be  obtained  by  interpolation  from  the  values  given  in  the  tables,  or  tfaey  cai 
be  calculated  directly  from  the  general  formulas. 

140.  Stress  Coefficients  for  Vertical  Loading. — Tables  1  to  26  give  stress  coefficients  dte 
to  vertical  loading  for  several  of  the  types  of  trusses  commonly  used  for  roofs.  Two  gencnl 
cases  will  be  considered :  (a)  equal  loads  applied  at  all  top  chord  panel  points,  known  also  as 
roof  loads;  and  (b)  equal  loads  applied  at  all  lower  chord  points,  known  also  as  ceiling  loadk 
These  cases  will  be  discussed  separately. 

140a.  Roof  Loads. — Tables  1  to  17  give  stress  coefficients  for  Fink,  Fan,  Pntt^ 
and  Howe  trusses  of  various  numbers  of  panels  due  to  equal  vertical  loads  applied  at  the  top 
chord  points.  Tables  15,  16,  and  17  are  for  Fink  trusses  for  which  the  lower  chord  has  been 
cambered  for  the  sake  of  appearance  This  introduces  another  variable,  /;,  by  means  of  which 
the  rise  of  the  lower  chord  member  is  expressed  as  a  fractional  part  of  the  height  of  the  truss. 
Numerical  values  of  the  stress  coefficients  have  been  calculated  for  the  usual  values  of  n  aod 
for  three  values  of  k, 

140&.  Ceiling  Loads. — Where  the  top  and  bottom  chord  panel  points  lie  on  tb 
same  vertical  hne,  as  in  the  Pratt  trusses  of  Tables  7  to  10  and  the  Howe  trusses  of  Tables  11  U< 
14,  stress  coefficients  for  panel  loads  applied  at  the  lower  chord  points  can  be  obtained  f lora  ihost 
given  for  roof  loads  by  the  application  of  a  simple  rule.    This  rule  is  as  follows:  Stress  coe& 
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cients  due  to  ceiling  loads  for  all  lueinberH  in  Pratt  and  Howe  tmsseSi  except  wniicals,  are  the 
same  aa  given  in  Tables  7  to  14  for  roof  loads.  Stress  coefficients  for  stresses  in  vertical  mem- 
bers due  to  ceiling  loads  can  be  obtained  from  the  values  given  in  Tables  7  to  14  by  adding  + 1 
(algebraic  addition)  to  the  stress  coefficients  for  roof  loads.  By  adding  -{-1  algebraically,  the 
sign  of  the  result  will  indicate  the  character  of  stress  in  the  vertical  (+  «  tension,  —  =  compres- 
sion) and  the  numerical  value  will  give  the  amount  of  the  stress. 

Ab  an  example  of  the  application  of  thia  rule,  suppose  that  the  stress  coefficients  are  desired  for  the  vertical 
snembers  of  the  Howe  truss  of  Table  12.  Note  that  the  stresses  in  vertical  members  are  independent  of  the  value  of 
n.  Applying  the  above  rule  to  member  6,  the  stress  coefficient  for  a  ceiling  load  isO  +  l"-+l,  ora  tension  of 
1,  as  indicated  by  the  plus  sign.    likewise  for  member  7  we  have  +  1  +  U.5  >"  +  1.5,  or  a  tension  of  1.5. 

Applying  the  same  rule  to  the  Pratt  truss  of  Table  8,  the  stress  coefficient  for  member  3  due  to  ceiling  loads  is 
+  1  —  1  "■  0,  or  sero  stress.  For  member  4  we  have  —  1.50  +  1.00  >-  —  0.50,  or  a  compression  of  0.50.  For 
member  10,  we  have  0  +  1.0  ■■  1.0,  or  a  tension  of  1. 

The  rule  given  above  does  not  apply  to  the  trusses  of  Tables  1  to  6  and  15  to  17.  Special 
tables  of  stress  coefficients  for  ceiling  loads  are  given  for  these  trusses  in  Tables  18  to  26.  Tables 
18  to  21  are  for  unsymmetrical  loads  such  as  lines  of  shafting,  heavy  pipe  lines,  or  machinery 
loads.  Tables  22  and  23  are  for  S3rmmetrical  loads,  such  as  ceiling  or  floor  loads,  and  can  be 
made  to  include  the  weight  of  purlins,  floor  or  ceiling  joist,  floor  and  ceiling  loads,  and  live  loads 
applied  to  an  attic  floor. 

If  stresses  are  desired  for  all  lower  chord  points  loaded,  the  stresses  calculated  for  the  partial 
loads,  as  given  by  Tables  22  and  23  can  be  added 

to  obtain  the  total  stresses.      It  will  usually  be    ^°^^  L«ft«ndfMRigW«dfr«e. 
found  that  stress  calculations  can  be  made  by  this       Oirwctkn  ofwfqg^ 
process  in  less  time  than  is  required  by  the  graph- 
ical methods  given  in  Sect.  1.  t^ 

Tables  24  to  26  for  a  cambered  Fink  truss    Case  II  left  «ndfr«e,f^end  fixed 
are  similar  to  Tables  21  to  23  for  the  straight  yff 

chord  Fink  truss. 

141.  Stress  Coefficients  for  Wind  Loads. — In 
the  discussion  in  Art.  135,  it  was  pointed  out  that 

for  trusses  of  the  Fink,  Fan,  Pratt,  and  Howe  type.    Case  III  Both  ends  fhee.  f?a*/?4 
wind  stresses   calculated   for    a  vertical   loading  ^ 

represent  tairly  well  the  effect  of  wind  loads.     The  ^9 

stress  coefficients  of  Tables  1  to  17  can  be  used  for 
this  assumed  wind  loading. 

In  case  a  more  exact  determination  of  wind   ^^^  ^  Bofth  ends  ft«d,  fftwct^  rxTrol  te 
stresses  is   desired,  stress  coefficients  have  been  J^'^''^**'\^  " 

worked  out  for  Pink  and  Howe  trusses  for  wind       ^-j^^l  ^  V;^ ^^  ,^^  ^'-/p'^l 

loads  applied  normal  to  the  windward  roof  surface.  ^%^'  fW^K  ^  ' 

Since  wind  loads  acting  normal  to  the  roof  surface  ^ 

cause  reactions  which  have  horiiontal  components,    F'°-  i56.-AaBumed^reaciionjond^        for  wind 

the  stress  will  depend  upn  the  conditions  at  the 

points  of  support.  Fig.  156  shows  the  conditions  assumed  at  the  supports.  Cases  I,  II,  and 
III  are  intended  to  represent  conditions  in  steel  trusses,  where  provision  for  expansion  due  to 
temperature  changes  must  be  made  at  the  walls.  Three  common  assumptions  are  shown  in 
Fig.  156.  It  will  be  noted  that  these  assumptions  affect  the  stresses  in  the  lower  chord  mem- 
ber only,  and  the  tabulation  of  stress  coefficients  is  arranged  accordingly.  Case  IV  represents 
conditions  in  small  steel  trusses,  and  in  all  spans  of  wooden  trusses,  for  in  these  spans  expan- 
sion due  to  temperature  need  not  be  considered. 
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Table  1. — Stress  Coepficibnts — Fink  Truss 


Member 

General  formula 

Value  of  n 

1 

3 
tf  -  33*  -  41' 

2V3 
9  -  30* 

4 

tf  -  26-  -  34' 

5 
ff  -  21*  -  48' 

«            1 
^  -  18*  -  28*  I 

1 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

-  4^  (8»«  +  4) 

-2.16 

-2.50 

-2.91 

-3.67 

-4.43 

3 

Wn 

N 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

4 

-\->iWn 

+0.750 

+0.868 

+  1.00 

+  1.25 

+  1.50 

fi 

-\-HWn 

+2.25 

+  2.60 

+3.00 

+3.75 

+4.50 

6 

+  HTFn 

+  1.50 

+  1.73 

+2.00 

+2.50 

+3.00 

1 

+  "  tension 


—  *  oompreoBion 
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Table  2. — Stress  Coefficients — Compound  Fink  Truss 


Member 

General 
formula 

Value  of  n 

3 
tf  -  33'  -  41' 

2V3 
6  -  30* 

4 
ff  -  26»  -  34' 

5 
»  -  21*  -  48' 

6 
9  -  18* -26' 

1 

-KWN 

-e.3i 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-yiWNiJN*  -  S) 

-6.76 

-6.60 

-7.38 

-9.06 

-10.76 

3 

-yiWN{7N*-16) 

-5.20 

-6.00 

-6.93 

-8.68 

-10.43 

4 

-HfF^'(7iV»-24) 

-4.65 

-6.60 

-6.48 

-8.31 

-10.12 

5 

-^Tf 

-0.832 

1 

-0.866 

-0.804 

-0.929 

-0.949 

6 

-2W^ 

-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 

+HWn 

+0.760 

+0.868 

+  1.00 

+  1.26 

+  1.60 

8 

+  HWn 

+  1.60 

+  1.73 

+2.00 

+2.60 

+3.00 

0 

-\-HWn 

+2.26 

+2.60 

+3.00 

+3.76 

+4.50 

10 

-\-HWn 

+6.26 

+6.07 

+7.00 

+  8.76 

+  10.60 

11 

+  HWn 

+4.60 

+5.20 

+6.00 

+7.60 

+9.00 

12 

-\-Wn 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

+  ■■  tension 


—  M  compression 


474 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec  3-141 


Table  3. — Stress  Coeppicibnts — Compound  Fink  Trubs 


Memb«r 

General 
formula 

Value  of  n 

3 
tf  -  33°  -  41' 

2V3 
B  =  30" 

4 

B  •=  26"  -  34' 

5 
B  "  2V  -  48' 

6 
e  =   18*-26 

1 

-^iWN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.21 

2 

-H^(»««  +  28) 

-7.55 

-8.50 

-9.62 

-11.75 

-13.91 

3 

-Ho^(37n»  +  100) 

-6.00 

-0.80 

-7.74 

-9.52 

—  11.31 

i 

-^^(3n«  +  4) 

-6.44 

-7.50 

-8.72 

-11.00 

—  13.28 

5 

-Vi^(9n«+4) 

-5.88 

-7.00 

-8.28 

-10.63                   —12.98 

6 

-^'h 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

7 

-H.< 

-1.31 

-1.38 

-1.45 

-1.56 

-1.66        ' 

1 

8 

+  >iTrn 

+0.750 

+0.868 

+  1.00 

+  1.25                     +1.50 

9 

+  HWn 

+2.25 

+  2.60 

+3.00                  +3.75 

+4.50 

10 

+  TFn 

+3.00 

+3.46 

+4.00 

+  5.00 

+  6.00 

11 

+  >iW^n 

+  6.75 

+7.79 

+9.00 

+  11.25 

+  13.60 

12 

+  2lFn                                     +6.00 

+6.92 

+8.00 

+  10.00 

+  12.00 

13 

+  HWn 

+3.75 

+4.34 

+5.00 

+  6.25 

+  7.50 

+  ■■  tension 


—  —  compreasion 
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Table  4. — Stress  Coefficients — Fink  Truss  With  Verticals 


Member 

General 
formula 

Value  of  n 

3 
»  -  33»  -  41' 

2v/3 
•  -  30*» 

4 
»  -  26*  -  34' 

5 
9  -  21°  -  48' 

6 
tf  -  18»  -  26' 

1 

-TilFJV 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-If 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

3          I       -2W 

-2.00 

-2.00 

-2.00 

-2.00 

-2.00 

4                  ->tMWM 

+  1.25 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

6 

+  >4W'n 

+0.760 

+0.868 

+  1.00 

+  1.25 

+  1.50 

6 

+  yiWM 

+  2.50 

+2.64 

+  2.82 

+3.20 

+3.00 

7 

■\-HWM 

+3.75 

+3.96 

+4.23 

+4.80 

+6.40 

8 

+7iWn 

+5.25 

+6.07 

+7.00 

+8.75 

+  10.50 

9 

^yjWn 

+4.50 

+  5.20 

+6.00 

+  7.50 

+  9.00 

10          '        -*-  IFn 

+3.00 

+  3.46 

+4.00 

+5.00 

+  6.00 

tenaion 


—  B  oompreeaiOQ 
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Table  5. — Stress  Cobfpicibnts — Fan  Truss 


Member 

General 
formula 

Value  of  n 

3 
«  -  33*  -  41' 

2\/8 
$  -  30* 

4 
*  -  26*  -  34' 

5 
*  -  21*  -  48' 

6 

^  —  18*  -  ar 

1 

-HWN 

-4.51 

-6.00 

-5.59 

-6.73 

-7.91 

2 

-Haj^(13JV«-  16) 

-3.M 

-4.00 

-4.65 

-5.59 

—  «.ft4 

3 

-Haj^(16iV*-48) 

-3.40 

-4.00 

-4.70 

-6.99 

-7.27 

4 

-HV^(n«  +  36)^ 

-0.930 

-1.00 

-1.08 

-1.21 

—  1.34 

5 

-^HWn 

+  1.60 

+  1.73 

+2.00 

+2.60 

+3.00 

6 

-\-HWn 

+3.76 

+4.38 

+6.00 

+6.25 

+7.50 

7 

-¥HWn 

+2.25 

+2.60 

+3.00 

+3.76 

+4.50 

+  ■■  tenaion 


—  ■■  oompreaaion 
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Tablb  6. — Stress  Cobfticixntb — Compound  Fan  Truss 


Membor 

General 
formula 

Value  of  n 

3 
*  -  33*  -  41' 

2>/3 
$  -  30* 

4 
*  -  26*  -  34' 

5 
*  -  21°  -  48' 

6 

*  -  18°  -  26' 

1 

-^ViWN 

-9.92 

-11.00 

-12.30 

-14.81 

-17.39 

2 

-Hi]7(31iV»-  16) 

-8.95 

-10.00 

-11.25 

-13.66 

-16.13 

3 

-Hi]7(333r»-48) 

-8.81 

-10.00 

-11.40 

-14.07 

-16.76 

4 

-Hi]^(33iSr«-  72) 

-8.25 

-9.60 

-10.96 

-13.70 

-16.44* 

6 

-Mi^(31iV«-88) 

-7.28 

-8.50 

-9.91 

-12.55 

-15.18 

6 

W 

-Ha^(33JV»-  120) 

-7.14 

-8.50 

-10.06 

-12.95 

-15.93 

7 

-HTF^(n«  +  36)^^ 

-0.930 

-1.00 

-1.08 

-1.21 

-1.34 

8 

Wn. 

-2.50 

-2.60 

-2.68 

-2.79 

-2.85 

9 

-^HWn 

+  1.60 

+  1.73 

+2.00 

+2.60 

+3.00 

10 

-¥HWn 

+2.26 

+2.60 

+3.00 

+3.75 

+4.60 

11 

-\-^Wn 

+3.76 

+4.33 

+6.00 

+6.26 

+7.50 

12 

+^yiwn 

+8.25 

+9.63 

+  11.00 

+  13.75 

+  16.50 

13 

-^y^wn 

+6.75 

+  7.79 

+9.00 

+  11.25 

+  13.50 

14 

■\-HWn 

+4.60 

+6.20 

+6.00 

+7.50 

+9.00 

+  »  tension 


—  ■•  Qompreeuon 
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Table  7. — Stress  CoBrFiciENTS — Pratt  Truss — 4  Panels 


-\-  ■>  tenBion 


Member 

General 
formula 

Value  of  n 

3 
*  -  33"  -  41' 

2\/3 
$  -  30" 

4 
fl  -  26"  -  34' 

5 

«  -  2r  -  48' 

6 

9  .  18<»  -  26* 

1 

-HWN 

-2.70 

-3.00 

-3.36 

-4.04 

-4.74 

2 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

—  1.00 

3 

4 

+  1.25 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

4 

-hHWn 

+2.25 

+2.60 

+3.00 

+3.76 

+  4.50 

.    5 

-\-HWn 

+  1.50 

+  1.73 

+2.00 

+2.60 

+  3.00 

6 

0 

0 

0 

0 

0 

0 

—    —  compreaaion 
For  loads  on  lower  ohord,  Bee  Art.  1406 
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Table  8. — Stbbbs  Coefficients— Phatt  Tbubs — 6  Panels 


Member 

General 
formula 

Value  of  n 

3 
«  -  33"  -  41' 

2>/3 
9  =  30° 

4 
fl  -  26°  -  34' 

5 
9  "21"  -  48' 

6 
«  -  18-  -  26' 

1 

-y4,WN 

-4.61 

-6.00 

-5.69 

-6.73 

-7.91 

2 

-WN                          -3.61 

-4.00 

-4.47 

-5.39 

-6.32 

3 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

4 

-HW 

-1.50 

-1.50 

-1.50 

-1.60 

-1.50 

6 

+  ^(n«+16)^ 

+  1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80  ■ 

6 

+?(n«  +  36)^ 

+  1.68 

+  1.73 

+  1.80 

+  1.96 

+2.12 

7 

+HWn 

+3.76 

+4.33 

+5.00 

+6.25 

+7.60 

8 

+  Wn 

+3.00 

+3.46 

+4.00 

+5.00 

+6.00 

0 

-\-HWn 

+2.25 

+2.60 

+3.00 

+3.76 

+4.50 

10 

0 

0 

0 

0 

0 

0 

+   >■  tension 


—    —  compression 
For  loads  on  lower  chord  see  Art.  1406 
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Table  9. — Stress  Cobfpicients — Pratt  Truss — 8  Panela 


Member 

• 

General 
formula 

Value  of  n                                 • 

3 
«  -  33"  -  41' 

2V3 
$  -  30° 

4 
tf  -  26*  -  34' 

6 
*  -  21*  -  48' 

6 

0  -  18*  -  2S' 

1 

-KWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-HWN 

-6.41 

-6.00 

-6.71 

-8.08 

-9.49 

3 

-HWN 

-4.61 

-6.00 

-6.69 

-6.73 

—7.01 

4 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

5 

-HW 

-1.50 

-1.60 

-1.60 

-1.60 

-1.50 

6 

-2W 

-2.00 

-2.00 

-2.00 

-2.00 

—  2.00 

7 

+  HlF(n« +16)H 

+  1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

8 

+KV(n«  +  86)K 

+  1.68 

+  1.78 

+  1.80 

+  1.95 

+2.12 

9 

+KV(n«  +  64)H 

+2.14 

+2.18 

+2.24 

+2.36 

+2.50 

10 

-\-HWn 

+6.26 

+6.06 

+7.00 

+8.76 

+  10.50 

11 

-^HWn 

+4.60 

+6.20 

+6.00 

+7.50 

+9.00 

12 

-\-^Wn 

+3.76 

+4.33 

+6.00 

+6.25 

+7.60 

13 

-\-Wn 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

14 

0 

0 

0 

0 

0 

0 

tension 


—  "■  eompreaaion 
For  loads  on  lower  chord  see  Art.  1406 
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Table  10. — Strbss  Coefficients — Pratt  Tbxjbs — 10  Panels 


&wy 


General 
formula 

Value  of  n 

Member 

3 
tf  -  33*  -  41' 

2\/3 
tf  -  30* 

4 
9   -  26"-  34' 

6 
tf  -  21*  -  48' 

6 
«  -  18*  -  26' 

1 

'HWN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00 

-  8.94 

-10.77 

-12.66 

3 

'HWN 

-6.31 

-7.00 

-  7.83 

-  9.42 

-11.07 

4 

-HWN 

-6.41 

-6.00 

-  6.71 

-  8.08 

-  9.49 

6 

-W 

-il.OO 

-1.00 

-   1.00 

-   1.00 

-   1.00 

0 

-HW 

-1.60 

-1.60 

-   1.60 

-  1.60 

-   1.60 

7 

-2W 

-2.00 

-2.00              -  2.00 

1 

-  2.00 

-  2.00 

8 

-HW 

-2.60 

-2.60 

-  2.60 

-  2.60 

-  2.60 

9 

+-  (n«  +  16)H 

+  1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

10 

+  -^-(n»  +  36)H 

+1.68 

+  1.73 

+  1.80 

+  1.96 

+  2.12 

11 

+  ^  (n«  +  64)H 

+2.14 

+2.18 

+  2.24 

+  2.36 

+  2.60 

12 

+7  (n«  +  100)H 

+2.61 

+2.66 

+  2.69 

+2.80 

+  2.92 

13 

+KVn 

+6.76 

+7.79 

+  9.00 

+  11.26 

+  13.60 

14 

+2Vn 

+6.00 

+6.93 

+  8.00 

+  10.00 

+  12.00 

15 

+Jirrn 

+6.26 

+6.06 

+  7.00 

+  8.76 

+  10.50 

16 

+«Vn 

+4.60 

+6.20 

+  6.00 

+  7.60 

+  9.00 

17 

■\-HWn 

+3.76 

+4.33 

+  6.00 

+  6.26 

+  7.60 

18 

0 

0 

0 

0 

0 

0 

+  »  tenaicm 


—   ■•  compression 
For  loads  on  lower  chord  see  Art.  1406 
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TabliE  11. — Stress  Coefficients — Howe  Tritss— 4  Panels 

1*^         H^^4jt 


Member 

General 
formula 

Value  of  n 

3 
«  -  33"  -  41' 

2Vi 

«  -  30" 

4 
«  -  26-  -  34' 

6 
fl  -  21°  -  48' 

•  -  18'  —  28' 

1 

-HWN 

-2.70 

-3.00 

-3.36 

-4.04 

-4.74 

2 

-HWN 

-1.80 

-2.00 

-2.24 

-2.00 

—  3.16 

3 

-y^WN 

-0.900 

-1.00 

-1.12 

-1.36 

-1.58 

4 

0 

0 

0 

0  • 

0 

0 

6 

+3Tr 

+3.0 

+3.0 

+3.0 

+3.0 

+  3.0 

6 

+  HWn 

+2.26 

+  2.60 

+3.00 

+3.75 

+4.50 

"■  tension 


—   ■■  compression 
For  loads  on  lower  chord,  see  Art.  140b 
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Tabus  12. — Stress  Coefficients — Howe  Truss — 6  Panels 


General 
formula 

Value  of  n 

Member 

3 

9  -  33*  -  41' 

2V3 
$  -  30* 

4 
«  -  26*  -  34' 

5 
9  -  21*,s-  48' 

6 
«  -  18'  -  26' 

1 

1 
-HWN                           -4.51 

-6.00 

-6.59 

-6.73                   -7.91 

2 

-WN 

-3.61 

-4.00 

-4.47 

-6.39 

-6.32 

3 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

4 

-HWN 

-0.900 

-1.00 

-1.12 

-1.35 

-1.58 

6 

-«fr(n»  +  16)H 

-1.26 

-1.32 

-1.41 

-1.60 

-1.80 

6 

0 

0 

0 

0 

0 

0 

7 

^  2 

+0.500 

+0.600 

+0.600 

+0.500 

+0.600 

8 

+2IF                                  +2.00 

+  2.00 

+2.00 

+2.00 

+2.00 

0 

■^^Wn                             +3.76                +4.33 

+6.00 

+d.25 

+7.50 

10 

+  W'« 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

+  "  tenricm 


—  ■■  compression 
For  loads  on  lower  chord  see  Art.  1406 
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Table  13. — Stress  Coefficients — Howe  Truss — ^8  Panels 


Member 

General 
formulft 

Value  of  n 

3 
»  -  33»  -  41' 

2'v/3 

9  'm^0^ 

4 
*  -  26*  -  34' 

5 
tf  -  21*  -  48' 

6 

•  -  18*  -  ae* 

1 

"HWN 

-6.31 

-7.00 

-7.83 

-9.42 

—  11.07 

2 

-HWN 

-5.41 

-6.00 

-6.71 

-8.08 

—  0.49 

3 

-HWN 

-4.51 

-5.00 

-5.59 

-6.73 

-7.91 

4 

-WN 

-3.61 

-4.00 

-4.47 

-6.39 

-6.32 

6 

-HWN 

-0.900 

-1.00 

-1.12 

-1.35 

-1.68 

6 

-KW^(»«  +  16)H 

-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

7 

->iTF(n«  +  36)H 

-1.68 

-1.73 

-1.80 

-1.95 

-2.12 

8 

0 

0 

0 

0 

0 

0 

9 

+HW 

+0.500 

+0.500 

+0.500 

+0.500 

+0.500 

10 

+w 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

11 

+3fF 

+3.00 

+  3.00 

+3.00 

+3.00 

+3.00 

12 

•¥HWn 

+5.25 

+6.06 

+7.00 

+8.75 

+  10.50 

13 

+HVn 

+4.50 

+5.20 

+6.00 

+7.60 

+9.00 

14 

+«Vn 

+3.76 

+4.33 

+5.00 

■ 

+6.25 

+7.50 

+  ■•  tension 


—   >■  compression 
For  loads  on  lower  chord  see  Art.  1406 
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Table  14. — Strssb  Coefficients — ^Howb  TRUsa — 10  Panels 


Member 

General 
formula 

Value  of  n 

3 
9  -  33*  -  41' 

2Vb 
9-30* 

4 
9  -  26*  -  84' 

5 
9  -  21*  -  48' 

• 

6 
9  -  18*  -  26' 

1 

-y^wN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00 

-8.94 

-10.77 

-12.66 

3 

-KWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

4 

-HWN 

-6.41 

-6.00 

-6.71 

-8.08 

-9.49 

5 

-HWN 

-4.61 

-6.00 

-5.69 

-6.73 

-7.91 

6 

-HWN 

-0.900 

-1.00 

-1.12 

-1.86 

-1.58 

7 

'-yiW{n*+  16)H 

-1.26 

-1.32 

-1.41 

-1.60 

-1.80 

8 

-KiF(n«  +  36)H 

-1.68 

-1.73 

-1.80 

-1.95 

-2.12 

0 

-K(n»  +  64)H 

-2.14 

-2.18 

-2.24 

-2.36 

-2.50 

10 

0 

0 

0 

0 

0 

0 

11 

-^HW 

+0.600 

+0.600 

+0.600 

+0.500 

+0.500 

12 

+  TF 

+  1.00 

+  1.00 

+  1.00 

+1.00 

+  1.00 

13 

+«ir 

+1.60 

+  1.60 

+1.60 

+  1.60 

+  1.50 

14 

+4IF 

+4.00 

+4.00 

+4.00 

+4.00 

+4:00 

15 

+  HWn 

+6.76 

+7.79 

+9.00 

+  11.25 

+  13.50 

16 

•\-2Wn 

+6.00 

+  6.93 

+8.00 

+  10.00 

+  12.00 

17 

-\-KWn 

+6.26 

+  6.06 

+7.00 

+8.76 

+  10.50 

18 

•¥HWn 

+4.60 

+6.20 

+6.00 

+7.60 

+9.00 

+  "■  teiwion 


—  "■  oompresBion 
For  loads  on  lower  chord  see  Art.  1406 
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Table  16. — Stress  Coefficients — Cambered  Fink  Truss 


Mem- 
ber 

General 
formula 

k 

Value  of  n 

3 
9  -  33»-4r 

2^3 
*  «30» 

4 

$  -  26'»-34' 

6 
$  -  21*»-48' 

0 

9  -  18^-ar 

1 

• 

Ho 

M 

H 

Mo 

H 

^ 

Mo 
H 
H 
Mo 

Mo 

H 
H 

-3.17 

-3.66 

-4.03 

-4.90 

-5.81 

-3.32 

-3.76 

-4.26 

-6.20 

-0.17 

-3. 04 

-4.13 

-4.70 

-5.78 

-  6.89 

2 

(3n«-8(l  +*)] 

-2.62 

-3.06 

-3.49 

-4.64 

-6.61 

-2.77 

-3.26 

-3.80 

-4.83 

—  6.85 

-3.09 

-3.63 

-4.26 

-5.41 

-«.57 

3 

Wn 
N 

-0.832 

-0.866 

-0.894 

-0.929 

-0.940 

4 

+  1.08 

+  1.26 

+  1.48 

+  1.87 

+  2.26 

+  1.20 

+  1.40 

+  1.64 

+2.08 

+  2.62 

+  1.43 

+  1.69 

+  1.98 

+2.52 

+3.06 

5 

+  94Wn        ^ 

+2.65 

+  3.09 

+  3.62 

+4.57 

+  5.52 

+2.79 

+3.27 

+3.83 

+4.85 

+  6.85 

^^^^'^  Nil -2k) 

+3.07 

+3.62 

+4.24 

+  5.40 

+  6.56 

6 

+«a-; 

+  1.67 

+  1.93 

+2.22 

+  2.78 

+  3.33 

+  1.72 

+  1.98 

+  2.29 

+2.86 

+3.34 

+  1.80 

+  2.08 

+2.40 

+3.00 

+  3.60 

1 

I 


tension 


—  »  compression 
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Tablb  16. — Stbebs  Coefficients — Cambered  Compound  Fink  Truss 


"-if 


Mem- 
ber 

General 
formula 

Ho 

Ho 
H 
H 
Ho 

Ho 

Value  of  n 

3 
«  =  33*  -  41' 

2\/3 
0»dO« 

4 
tf  -  26'  -  34' 

5 
e  ^2V  -  48' 

6 
«  -  18"  -  26' 

ln«  +  4(l  — 2*)] 
^^            Nil -2k) 

-7.39 

-8.31 

-9.40 

-11.46 

-13.66 

1 

-7.70 

-8.75 

-9.93 

-12.14 

-14.42 

-8.49 

-9.63 

-10.96 

-13.49 

-16.04 

ly  w  l^^*  -»-  20(1  -  2*)1 

-6.84 

-7.81 

-8.95 

-11.08 

-13.26 

2 

-7.23 

-8.26 

-9.48 

-11.76 

-14.10 

'  *         Na  -2k) 

-7.94 

-9.13 

-10.61 

-13.11 

-16.72 

L/Brl7H«+12(l  -2*)1 
"^^'^        iV(l-2ifc) 

-6.29 

-7.31 

-8.50 

-10.70 

-12.94 

3 

-6.67 

-7.76 

-9.03 

-11.38 

-13.78 

-7.39 

-8.63 

-10.06 

-12.74 

-15.40 

wurI7n»  + 4(1-2*)] 
-^*'*^         .V(l-2*) 

-5.74 

-6.81 

-8.06 

-10.32 

-12.63 

4 

-6.11 

-7.26 

-8.58 

-11.00 

-13.46 

-6.83 

-8.13 

-9.61 

-12.87 

-15.08 

1 
5 

-0.832 

-0.866 

1 

-0.894 

-0.929 

-0.949 
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6 

-2lf» 

Ho 

H 

H 

-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 

1  34Tf       •^ 

+0.884 

+  1.030 

+  1.20 

+  1.52 

+  1.86 

+0.933 

+  1.00 

+  1.29 

+1.62 

+  1.96 

♦  ^  "^  iSrCl  -  24) 

+  1.02 

+1.21 

+  1.41 

+  1.80 

+2.19 

8 

^^*^V(1-2*)(1-*) 

Ho 

H 

+2.16 

+2.62 

+2.95 

+3.73 

+4.51 

+2.40 

+2.80 

+3.29 

+4.15 

+  6.04 

H 

+2.87 

+3.37 

+3.96 

+  5.04 

+6.12 

0 

\liWn         ^^^  +  *> 

Ho 
H 
H 
Ho 

+3.04 

+3.57 

+4.15 

+5.24 

+6,34       1 

+3.32 

+3.00 

+4.56 

+5.76 

+7.00 

^^*^  ivci-2*)a-]b) 

• 

+3.88 

+4.68 

+5.37 

+6.85 

+8.30 

10 

^^^  7^(1-24) 

+6.18 

+7.22 

+8.45 

+  10.68 

+  12.91 

H 

+6.54 

+7.64 

+8.95 

+  11.31 

+  13.71 

H 
Ho 
H 
H 

+7.17 

+8.44 

+9.90 

+  12.61 

+  15.71 

11 

+«^iV(l-2*) 

+6.30 

+6.20 

+7.25 

+9.15 

+  11.09 

+6.61 

+  6.55 

+7.68* 

+9.70 

+  11.76 

+6.16 

+7.23 

+8.48 

+  10.81 

+  13.49 

12 

+  TF     * 

Ho 

+3.34 

+3.85 

+4.44 

+5.55 

+  6.66 

H 
H 

+3.43 

+3.96 

+4.57 

+5.72 

+6.86 

+  ^(1-*) 

+3.60 

+4.16 

+4.80 

+  6.00 

+7.20 

1 
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Tablb  17. — Strebs  Coefficients — Cambered  Fan  Tbubs 


Member 

Oeneral 
formula 

A 

Value  of  n 

3 
9  -  33*  -  41' 

2V8 
9  -  30* 

4 
9  -26*  -  34' 

6 
»  -  21*  -  48' 

6 
9  m,  18*   -26* 

1 

Ho 

-6.28 

-6.94 

-6.71 

-8.18 

-9.70 

H 
H 

-6.56 

-6.26 

-7.09 

-8.67 

-10.28 

-6.06 

-6.88 

-7.83 

-0.64 

-11.46 

2 

,^«rPHn«+12(l-2*)l 

Ho 
H 
H 
Ho 

-4.20 

-4.81 

-6.52 

-6.83 

-8.19 

-4.44 

-6.07 

-6.84 

-7.26 

-8.70 

^**^       j^a-2jb) 

-4.80 

-5.68 

-6.48 

-8.10 

-9.70 

3 

t^„,i(5««  +  4a-2*)i 

-4.17 

-4.04 

-5.81 

-7.46 

-9.07 

H 
H 
Ho 

-4.46 

-5.25 

-6.20 

-7.92 

-9.66 

"^*^      Ar(i-2*) 

-4.06 

-6.88 

-6.93 

-8.89 

-10.81 

4 

t    irn[(n«+36(l-2*)tl* 

-0.081 

-1.07 

-1.17 

-1.34 

-1.62 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

Ho 

-1.00 

-1.09 

-1.20 

-1.39 

-1.58 

^N             (I-2/b) 

-1.04 

-1.16 

-1.26 

-1.49 

-1.71 

5 

Miir"'^      ^2  +  *) 

^'^       N    (1-2*)  (1-*) 

+2.06 

+2.41 

+2.80 

+3.66 

+4.31 

+2.26 

+2.66 

+3.10 

+3.93 

+4.76 

+2.66 

+3.13 

+3.67 

+4.69 

+6.70 

6 

IKIF       *^ 

+4.42 

+6.16 

+6.03 

+7.62 

+9.22 

+4.67 

+5.46 

+6.39 

+8.08 

+9.80 

^^'^iva-2t) 

+6.12 

+6.03 

+7.07 

+9.'*1 

+  10.92 

7 

+  K1F        *. 

+2.50 

+2.89 

+3.34 

+4.17 

+  6.00 

H 
H 

+2.67 

+2.97 

+3.43 

+4.28 

+5.16 

+^*^(1-*) 

+2.70 

+3.12 

+3.60 

+4.60 

+5.40 

tension 
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TABiiB  18. — Stbess  Coefficients — Compound  Fink  Truss 


^M 


Member 

General 
formula 

Value  of  n 

3 
«  -  33*  -  41' 

2V3 
9-30** 

4 
fl  -  20"  -  34' 

5 
«  -  21*  -  48' 

6 
^  -  18^  -  26'  1 

1 

-MeP^(7n«-4) 

-1.479 

-1.666 

-1.889 

-2.305 

—  2.720      ' 

2 

-HeP^,(3n«-4) 

-0.576 

-0.667 

-0.769. 

-0.957 

—  1.140 

3 

-0.326 

-0.333 

-0.349 

-0.391 

-0.438 

4 

n 

-0.602 

-0.676 

-0.669 

-0.639 

-0.527 

5 

n 

+  1.083 

+  1.160 

+  1.250 

+  1.450 

+  l.6«7 

6 

n 

+0.542 

+0.580 

+0.625 

+0.726 

+0.833 

7 

n 

+  1.229 

+  1.442 

+  1.688 

+2.139 

+2.585 

8 

n 

+0.813 

+0.865 

+0.936 

+  1.088 

+  1.25 

0 

n 

+0.271 

+0.288 

+0.312 

+0.362 

+0.417 

Kx 

HP  <^'"  7  *) 

0.819 

0.833 

0.844 

0.866 

0.861 

Rt 

0.181 

0.167 

0.156 

0.146 

0.139 

r 

n«               n 

0.1812 
0.543A 

0.167i 
0.578A 

0.1562 
0.625A 

0.1462 
0.725A 

0.1392 
0.833& 

+  >■  tension 

Streos  ia  aero  for  dotted  members. 
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Tablb  19. — SnuDSB  Cobfficibntb — Compound  Fink  Truss 


M 


1 

General 
formula 

Value  of  f» 

Member 

8 
«  -  33*  -  41' 

2^/3 
•  -  30* 

4 
•  -  26-  -  34' 

6 
•  -  21*  -  48' 

6 
•  -  18*  -  26' 

1 

-HP^,(3»«-4) 

-1.162 

-1.336 

-1.638 

-1.916 

-2.228 

2 

-0.662 

-0.667 

-0.609 

-0.783 

-0.877 

3 

+  1.083 

+  1.160 

+  1.260 

+  1.460 

+1.667 

4 

+«/.<»»•-*' 

+0.068 

+  1.162 

+  1.872 

+1.776 

+2.167 

5 

+0.642 

+0.680 

+0.626 

+0.726 

+0.833 

Ri 

j^(8,.-4) 

0.639 

0.667 

0.688 

0.710 

0.723 

Rt 

HP^: 

0.361 

0.333 

0.312 

0.290 

0.277 

r 

ft"                       fl 

0.3612 
1.086A 

0.3332 
1.166A 

0.3122 
1.26A 

0.2901 
1.46A 

0.2772 
1.667ik 

X 

H«-?T(5n»-  12) 

0.2292 

0.2502 

0.2662 

0.2822 

0.2922 

+  «  tension. 

StreM  is  lero  for  dotted  memberi. 
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Tablb  20. — Stress  Cobfficibntb — Compound  Fink  Tbuss 


Member 

General  formula 

Value  of  n 

8 
$  -  83*-  41' 

2Vb 
«  -  30* 

4 
«  -  26"  -  34' 

6 
•  -  21*  -  48' 

6 
«-18*-2r 

1 

-HeP^(6n«  -  4) 

-1.027 

-1.166 

-1.329 

-1.680 

-  1.930 

2 

-H^^:.v« 

-  1.37 

-1.667 

-2.00 

-2.60 

-  3.20 

3 

-H»P^(3n«  +  4) 
ni 

-0.776 

-0.832 

-0.910 

-1.065 

-1.228 

1 

4 

-H-%r' 

-0.231 

-0.289 

-0.336 

-0.390 

-0.422 

5 

fl 

+0.417 

+0.676 

+0.760 

* 

+1.060 

+1.33 

6 

+^(«'  -  4) 
n 

+0.208 

+0.288 

+0.376 

+0.626 

+0.667 

7 

n 

+1.201 

+1.44 

+  1.626 

+  1.976 

+2.3B 

8 

n 

+0.866 

+  1.014 

+1.188 

+1.613 

+1.83S 

0 

n 

+0.646 

+0.720 

+0.813 

+0.988 

+1.10   '• 

t 

Ri 

0.670 

0.683 

0.693 

0.606 

0.611 

Rt 

i^»^3n«  +  4) 

0.430 

0.417 

0.407 

0.805 

0.3» 

r 

^^  (3n«  +  4) 
n* 

0.430< 

0.417Z 

0.4072 

0.306< 

0.38tf 

1 

+  i-  tension 

BtresB  IB  lero  for  dotted  members. 
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Genera]  formula 

Value  off! 

Member 

8 

0  -  33-  -  41' 

2Vz 
«  aSO* 

4 
0  -  26*  -  84' 

6 
•  -  21*  -  48^ 

6 
•  -W-26' 

1 

-HPN 

-0.9026 

-1.00 

-1.117 

-1.847 

-1.682 

2 

-^yiPn 

+0.76 

+0.866 

+  1.00 

+  1.25 

+  l.fi0 

3 

1 

+P 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

Tabub  22. — Stress  GoEFFiciSNTSr-GoMPouND  Fink  Trttbb 


• 

General  Cormula 

• 

Value  of  n 

Member 

8 
•  -  83*  -  41' 

2-N/3 
•  -30* 

4 
•  -  26*  -  84' 

5 
•  -  21*  -  48' 

6 
•  -  18*  -  26' 

1 

-HPAT 

-1.805 

-2.00 

-2.235 

-2.695 

-8.163 

2 

-KPJV 

-0.903 

-1.00 

-1.118 

-1.847 

-1.582 

3 

fl 

-0.602 

-0.578 

-0.558 

-0.538 

-0.527 

4 

n 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  1.667 

5 

n 

+0.542 

+0.576 

+0.625 

+0.725 

+0.833 

6 

+HPi» 

+  1.60 

+  1.732 

+2.00 

+  2.50 

+  3.00 

7 

+HP^" 
n 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  1.667 

8 

WW 

+0.542 

+0.576 

+0.625 

+0.725 

+0.838 
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Table  23. — Stress  Coefficients — Compound  Fink  Truss 


Member 

General  formula 

Value  of 

n 

3 
tf  -  83'  -  41' 

2V3 
«  -  30* 

4 
9"   26'*  -  84' 

6 
•  -  21*  -  4^ 

6 

•  -  18*  -  fr , 

1 

1 

-HPN 

-1.805 

-2.00 

-2.236 

-2.005 

-3.163 

2 

n 

+  1.083 

+  1.162 

+  1.25 

+  1.45 

+  1.M7 

3 

+  HPn 

+  1.50 

+  1.732 

+2.00 

+2.50 

+3.00 

4 

n 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  I.M7 

1 

+  V  tension 

Btresa  is  sero  for  dotted  members. 
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Table  24. — Stress  Cobfvicients — Gaubered  Compound  Fink  Stbbsb 


Mem- 
ber 

Generml  formula 

A 

Value  of  n 

3 
tf  -  33*  -41' 

2\/3 
«  -  30* 

4 
•  -26*-  34' 

5 
•  -21*  -  48' 

6 
•  -  18"  -  26' 

In«  +  4a  -24)1 
^*             iV(l-2ib) 

X     X     X     X 

-2.12 

-2.38 

-2.68 

-8.28 

-3.88 

1 

-2.22 

-2.50 

-2.84 

-3.46 

-4.12 

-2.42 

-2.76 

-3.14 

-3.86 

-4.58 

rn«  +  4(l  -2*)1 
^*           JV(l-.2*) 

-1.06 

-1.19 

-1.34 

-1.64 

-1.94 

2 

H 

H 

Ho 

H 

H 

Ho 

-1.11 

-1.25 

-1.42 

-1.73 

-2.06 

-1.21 

-1.38 

-1.67 

-1.93 

-2.29 

-0.562 

-0.549 

-0.537 

-0.523 

-0.517 

3 

-0.554 

-0.542 

-0.532 

-0.519 

-0.515 

-0.538 

-0.530 

-0.522 

-0.514 

-0.510 

.  ,,pDIn«  +  4(l  -2*)1 
"^^*             n;V:i-2ib) 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

4 

H 

H 

Ho 

H 

H 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+2.35 

Z)In»  +  4(l  -2*)1 
"^           n;V(l-2*)(l-*) 

+0.667 

+0.729 

+0.806 

+0.956 

+  1.11 

5 

+  0.709 

+0.782 

+0.867 

+  1.04 

+  1.22 

+0.793 

+0.889 

+0.990 

+  1.19 

+1.41 

^^*    j\r(i-2*) 

XXX 

+  1.77 

+  2.06 

+2.42 

+3.04 

+3.70 

6 

+  1.86 

+2.18 

+2.56 

+3.24 

+3.92 

+2.04 

+2.40 

+2.84 

+3.62 

+4.38 

Ho 

H 

H 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

7 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+2.35 

n(l  -*) 

X     X     X  1 

+0.565 

+0.610 

+0.670 

+0.785 

+0.910 

8 

+0.570 

+0.620 

+0.680 

+0.800 

+  0.930 

+0.585 

+0.635 

+0.700 

+  0.830 

+0.965 

+  «  teuion. 
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Table  25. — Stress  Coefficients — Cambered  Compound  Fink  Trubb 


Mem- 
ber 

General 
iormula 

k 

Value  of  n 

3 
tf  -  33«  -  41' 

2V3 
$  -30* 

4 
$  -  26«-34' 

5 
•  -21*-48' 

6 

•  -  18^  -  y 

1 

w»I»« +  4(1-24)1 
^'^       Nil- 2k) 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

-2.12 

-2.38 

-2.08 

-3.28 

-8.88 

-2.22 

-2.80 

-2.84 

-8.46 

-4.11 

-2.42 

-2.75 

-3.13 

-8.85 

-4.« 

2 

,  wp  ^  [n«  + 4  (1-24)1 
"^^'^nJV          (1-2*) 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.00 

+2-35 

3 

nD 

1  i/ 1»    ,_...  .... 

+  1.77 

+2.06 

+2.42 

+3.04 

+3.70 

+  1.88 

+2.18 

+  2.56 

+3.24 

1     MM       n^ 

■^^''    iV(l-2ifc) 

+3.82 

+2.(H 

+2.40 

+2.84 

+3.62 

+4.38 

4 

,,.p-[n«  + 4  (1-24)1 
+^^          n(l-Jfc) 

+  1.13 

+  1.22 

+  1.34 

+  1.57 

+  1.82 

+  1.14 

+  1.24 

+  1.36 

+  1.60 

+  1.89 

+1.17 

+  1.27 

+  1.40 

+  1.66 

+  1.93      1 

+  —  tenaion 

Streoa  ia  aero  for  dotted  membera. 


—  —  oompreasion 


Sec.  8-141] 


STRUCTURAL  DATA 


497 


Tablb  26. — Stbbss  Coefticibnts — Gaubbred  Compound  Fink  Tbubs 


Mem- 
ber 

General 
formula 

i; 

Value  of  n 

3 
tf  -  38'  -  41' 

2V3 
»  -  SO" 

4 
•  -  26^  -  84' 

5 
•  -  21'  -  48' 

6 
•  -  18'  -  26' 

1 

,.«[«» +  4  (1-2*)] 
~**^         AT  (1-2*) 

Ho 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

-1.06 

-1.19 

-1.84 

-1.64 

-1.04 

-1.11 

-1.25 

-1.42 

-1.73 

-2.06 

-1.21 

-1.88 

-1.57 

-1.93 

-2.29 

2 

nm 

+0.0980 

+0.114 

+0.184 

+0.160 

+0.206 

+0.138 

+C(.166 

+0.183 

+0.232 

+0.280 

+  ^*^    iV(l-2*)(l-A) 

+0.204 

+0.240 

+0.284 

+0.362 

+0.438 

3 

1  I'P        "^ 

+0.884 

+  1.08 

+  1.21 

+  1.52 

+  1.85 

+0.932 

+  1.09 

+  1.28 

+  1.62 

+  1.96 

'-^•^  Ar(i--2ife) 

+1.02 

+1.20 

+1.42 

+1.81 

+2.19 

4 

+>^^(1-*) 

+0.675 

+0.780 

+0.900 

+  1.13 

+  1.85 

+0.656 

+0.758 

+0.875 

+  1.09 

+  1.31 

+0.625 

+0.722 

+0.838 

+  1.04 

+  1.25 

6 

+/» 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

i 

+  —  tension 

Stress  is  sero  for  dotted  members 
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Caae 

Member 

General 
formula 

Value  of  n 

3 
tf  -  33'  -  41' 

2>/3 
9  -  30' 

4 
tf  -  26'  -  34' 

5 

tf  -  21*  -  48' 

6 
•  -  18* -ST 

> 

1-4 

1 

0 

»-4 

* 

1^ 

1 

1 

n 

-1.17 

-1.45 

-1.75 

-2.30 

-2.8J 

2 

n 

-0.100 

-0.0833 

-0.0700 

-0.054 

-0.0138 

3 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

4 

-{-yiWN 

+0.000 

+  1.00 

+  1.12 

+  1.36 

+  1.58 

/Si 

^^(3n.-4) 

nN 

1.06 

1.15 

1.23 

1.32 

1.37 

i?i 
5 

n 

0.600 

0.578 

0.559 

0.539 

0.526 

1-4 

+HVAr 

+  1.80 

+  2.00 

+2.24 

+2.69 

+3.18 

G 

+  ^W^iV 

+  0.900 

+  1.00 

+  1.12 

+  1.36 

+  1.58 

Rz 

4^ 

1.11 

1.00 

0.895 

0.742 

0.633 

R* 

0 

0 

0 

0 

0 

0 

1-4 

*^ 

^^ 
1-4 

5 

+HH'<-*  -  *-» 

+0.694 

+  1.00 

+  1.34 

+  1.95 

+2.53      ' 

6 

+>iH'<»';"> 

-0.208 

0 

+0.224 

+0.604 

+0.950 

i?i 

0 

0 

0 

0 

0 

0 

Ra 

4Jr 

AT 

1.10 

1.00 

0.895 

0.742 

0.6X! 

5 

+Hvr; 

+  1.25 

+  1.50 

+  1.78 

+2.32 

+2.85 

6 

+KW<"'-^> 

+0.347 

+0.500 

+0.670 

+0.975 

+  1.265 

1 

«i 

2? 
JV 

0.555 

0.500 

0.447 

0.371 

0.318 

/Si 

2ir 

s 

0.555 

0.500 

0.447 

0.371 

0.316     { 

1 

5> 

5 

+  ><»PA?<"'-i^' 

+  1.41 

+  1.67 

+  1.96 

+  2.40 

+2.98 

6 
R» 

+0.502 

+0.667 

+0.837 

+  1.13 

+  1.41 

«,(3n«  -  4) 

0.708 

0.667 

0.616 

0.526 

0.458 

Ra 

< 

0.401 

0.333 

0.280 

0.216 

0.175     . 

+  <■  teoBiou 


—  •  compreaaioo 
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Table  28. — Wind  Strbss  Coefficients — Ck)MpouND  Fink  Tbubs 


CMe 

Member 

Qen««I 
formula 

Value  of  n 

3 
tf  -  33-  -  41' 

2v/3 
0-30** 

4 
tf  -  26*  -  34' 

5 
tf  -  21*  -  48' 

6 
•  - 18-  -  26' 

1 

n 

-8.08 

-3.75 

-4.50 

-5.83 

-7.17 

2 

-HIT*' 

n 

-2.17 

-2.31 

-2.50 

-2.00 

-3.33 

ndIV 

3 

-»f 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

4 

-2IF 

-2.00 

-2.00 

-2.00 

-2.00 

-2.00 

1-4 

5 

+>iirA^ 

+0.902 

+  1.0 

+  1.12 

+  1.36 

+  1.58 

1-7 

6 

+H»FJV 

+  1.80 

+2.0 

+2.24 

+2.70 

+3.16 

^4 

7 

^-HWN 

+2.71 

+3.0 

+3.36 

+4.06 

+4.24 

J2i 

,„(3n«  -  4) 

2.12 

2.31 

2.46 

2.64 

2.74 

At 

n 

1.20 

1.15 

1.12 

1.08 

1.05 

+   ■>  tension 

Stress  U  lero  for  dotted  members. 


—  »  compression 
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Table  28  (ConUnued) 

[SecS-tt 

Case 

Member 

General  formula 

3 

2v/3 

4 

5 

6 

IH 

8 

+  HWN 

+4.61 

+6.00 

+6.69 

+6.73 

+7,90 

9 

+  fFJV 

+3.61 

+4.00 

+4.47 

+  6.39 

+6.32 

10 

+yiWN 

+  1.80 

+2.00 

+2.24 

+2.69 

+3,16 

R» 

4 

2.22 

2.00 

1.79 

1.49 

1.27 

Ri 

0 

0 

0 

0 

0 

0 

M 

8 

+Hw''"; '« 

+2.28 

+  8.00 

+3.80 

+6.26 

+6.6S 

9 

+.<=L^> 

-1.39 

+2.00 

+2.68 

+3.92 

+5.06 

10 

+HIF<»'  ;  "' 

-0.416 

0 

+0.447 

+1.21 

+  1.90 

A| 

0 

0 

0 

0 

0 

0 

1 

Ri 

8? 

2.22 

2.00 

1.79 

1.49 

1.27 

8 

+««'<'»•+« 

+3.40 

+4.00 

+4.70 

+6.C2 

+7.28 

9 

^^^ 

+2.49 

+3.00 

+3.68 

+4.66 

+5.70 

10 

+HH'<»*;« 

+0.693 

+  1.00 

+  1.34 

• 

+  1.96 

+2.53 

A| 

4 

1.11 

1.00 

0.804 

0.746 

0.633 

Ri 

4 

1.11 

1.00 

0.894 

0.746 

0.633 

> 

8 

+K>F-.(«n«  -  8 

+8.71 

+4.33 

+6.03 

+6.31 

7.56 

9 

+  fF^(»«  -  2) 

+2.81 

+3.34 

+3.92 

+4.96 

+5.97 

10 

+  1.01 

+  1.33 

+  1.68 

+2.25 

+2.81 

A| 

,,(3,^ 

1.42 

1.33 

1.28 

1.05 

0.915 

R* 

-„^. 

1 

0.803 

0.667 

0.668 

0.431 

0.351 

• 
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Tablb  29. — Wind  Stress  Cobfficibnts — Hows  Truss— 4  Panels 


Case 

Member 

General 
formula 

Value  of  n 

3 
0  .  33*  -  41' 

2Vi 

•  -  30'* 

4 
•  -  26*  -  34' 

5 
•  -  21'*  -  48' 

6 
tf  -  18-  -  26' 

> 

I 

1 

-Hif^-;^ 

-1.17 

-1.45 

-1.75 

-2.30 

-2.83 

2 

-KWn 

-0.760 

-0.867 

-1.00 

-1.25 

-1.50 

3 

-«-^' 

-1.08 

-1.16 

-1.25 

-1.45 

-1.67 

4 

-y^^i 

-1.08 

-1.16 

-1.25 

-1.45 

-1.67 

6 

+H»'5(»*-2) 

+  1.41 

+  1.67 

+  1.06 

+2.46 

+2.98 

6 

+«»P^,(»«  -  4) 

+0.602 

+0.667 

+0.837 

+  1.13 

+  1.41 

7 

+HB^ 

+0.600 

+0.676 

+0.550 

+0.530 

+0.526 

Ai 

HH^<»-:7*> 

1.28 

1.33 

1.375 

1.42 

1.445 

At 

H-^: 

0.720 

0.665 

0.625 

0.580 

0.555 

+  M  tennoa. 


—   M  compreeuon. 
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Table  30. — Wind  Stress  (Coefficients — Hows  Tbuss — 6 


(Sec  S-li 


Case 

Member 

General 
formula 

Value  of  n 

3 
0  -  33*  -  41' 

2\/3 
tf  -  30- 

4 
tf  -  26*  -  34' 

6 
tf  -  21"  -  48' 

« 

•  -  18"  -  » 

Case  IV 

1 

-Hw""-"' 

-2.12 

-2.00 

-3.12 

-4.07 

-5.00 

2 

-1.71 

-2.02 

-2.38 

-3.03 

-3J7 

3 

j^^(3».+4) 

-1.2« 

-1.44 

-1.63 

-1.98 

1 

-2.34 

4 

-HW^' 

-1.61 

-1.74 

-1.88 

-2.18 

-2.50 

5 

-HW^' 

-1.08 

-1.16 

-1.26 

-1.45 

-1.67 

6 

-KW'^(n«+16)H 
ft 

-1.50 

-1.63 

-1.68 

-1.73 

-1.90 

7 

+  HW'^,(7n»-12) 

+  2.56 

+3.00 

+3.40 

+4.38 

i 

+5-23 

8 

+  MW^^,(6n«-12) 

+  1.66 

+2.00 

+  2.37 

+3.04 

+3.70 

0 

+  H»F^,(n«-4) 

+0.762 

+  1.00 

+  1.26 

+  1.69 

+2.11 

10 

^>< 

+0.600 

+0.676 

+0.559 

+0.539 

+0.526 

11 

-^^. 

+  1.20 

+  1.15 

+  1.12 

+  1.08 

1 

+  1.05 

1 

Rx 

Hw^"":.*' 

1.92 

2.00 

2.06 

.     2.13 

2.17 

Rt 

H-^: 

1.08 

1.00 

0.940 

0.867 

0.83S 

1 

+  «  tension 


—  "  compression 
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Table  31. — Wind  Stkbhs  Goefficibnts — Howe  Truss — 8  Panels 


v-.* 

^^ 

Ton 

J 

m 

Member 

General 
formula 

Value  of  n 

Case 

3 
tf  -  33'*  -  41' 

2>/3 
$  -  30'* 

4 
tf  -  26*  -  34' 

5 
tf  -  21'  -  48' 

6 
tf  -  18-  -  26' 

1 

n 

-3.08 

-3.76 

-4.60 

-6.83 

-7.17 

2 

n 

-2.67 

-2.89 

-3.75 

-4.80 

—6.83 

3 

-HWn 

-2.26 

-2.60 

-3.00 

-3.75 

-4.60 

4 

_^^^(n«  +  2) 
n 

-1.83 

-2.02 

-2.25 

-2.70 

-3.17 

5 

n 

-2.11 

-2.32 

-2.60 

-2.90 

-3.33 

6 

-HW^' 

-1.08 

-1.16 

-1.26 

-1.46 

-1.67 

7 

n 

-1.60 

-1.63 

-1.68 

-1.73 

-1.90 

8 

-KW^-(n»+36)^ 

-2.02 

-1.97 

-2.01 

-2.11 

-2.24 

> 

i 

0 

+  >i»F^(5n«-8) 

+3.71 

+4.33 

+6.03. 

+6.31 

+7.66 

10 

+  >F-,(n«"2) 

• 

+  2.81 

+  3.33 

+3.91 

+4.96 

+6.98 

11 

+  Hir^,(3n«-  8) 

+  1.91 

+  2.33 

+2.79 

+3.60 

+4.40 

12 

n' 

+  1.00 

+  1.33 

+  1.68 

+  2.26 

+2.82 

13 

ft 

+0.600 

+0.676 

+0.659 

+0.539 

+  0.626 

14 

n 

+  1.20 

+  1.16 

+  1.12 

+  1.08 

+  1.06 

15 

+  1.80 

+  1.73 

+  1.68 

+  1.62 

+  1.68 

Hi 

„(3««  -  4) 
^       »• 

2.56 

2.67 

2.75 

2.84 

2.89 

Rt 

c 

1.44 

1.33 

1.25 

1.16 

1.11 

+  - 

'  tension 

—  —  com 

preflsion 
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Tablb  32. — Wind  Stbess  Cobfficisntb — Howe  Truss — 10  Pansi^ 


[Sec  >-141 


yf 

fe 

"d^ 
^ 

|./^ 

^, 

1 — 

SQSZ 

> 

Cam 

• 

Member 

General 
formulA 

Value  of  n 

3 
tf  -  33»  -  41' 

2v/3 
B  -  30* 

4 
tf  -  26'  -  34' 

6 
•  -  21*  -  48' 

6         1 

•  -  18*  -  jr" 

> 

1 

_j^^(18«.  -  20) 

-4.04 

-4.91 

-5.88 

-7.63 

-9.34 

2 

-)<«'<"»•-"' 

-3.68 

-4.33 

-5.13 

-6.57 

-8.00 

3 

-3.21 

-3.76 

-4.37 

-5.62 

-6.67 

4 

_j^^(7«.  +  4) 

-2.79 

-3.18 

-3.63 

-4.47 

-5.33 

6 

j^„(6n«  +  12) 

-2.38 

-2.60 

-2.88 

-3.42 

-4.00 

n 

6 

n 

-2.71 

-2.80 

-3.13 

-8.62 

-4.17 

7 

n 

-1.08 

• 

-1.16 

-1.25 

-1.45 

-1.67 

8 

-HH^(»«+16)^ 

-1.60 

-1.53 

-1.58 

-1.73 

-1.90 

0 

-K>F-(n«+36)^ 

-2.02 

-1.97 

-2.01 

-2.11 

-2.24 

10 

->iW^(n«+64)^ 

-2.66 

-2.51 

-2.50 

-2.64 

-2.63 

11 

+  HTr^,(13n«-20) 

+  4.88 

+6.67 

+  6.56 

+8.16 

+9.80 

12 

+  HJF^,(lln«-20) 

+  3.97 

+4.67* 

+5.44 

+  8.83 

+3,28       1 

13 

+  HTr^,(9n«-20) 

+3.07 

+  3.67 

+4.33 

+  5.48 

+6.65 

14 

+  HTr^,(7nt-20) 
n* 

+2.16 

+  2.67 

+3.21 

+  4.14 

+5.08 

15 

+  HW^-,(n»-4) 

+  1.26 

+  1.67 

+  2.09 

+  2.80 

+  3.50 

16 

n 

+0.600 

+0.576 

+0.559 

+0.539 

+0.528 

17 

n 

+  1.20 

+  1.15 

+  1.12 

+  1.08 

+  1.05 

18 

+HIF- 
n 

+  1.80 

+  1.73 

+  1.68 

+  1.62 

+  1.58 

19 

n 

+2.40 

+  2.30 

+  2.24 

+2.17 

+  2.10 

Ri 

3.20 

3.34 

3.44 

3.55 

3.61 

Rt 

H<: 

1.80 

1.66 

1.56 

1.45 

1.39 

+  - 

1  tension 

—  —  com 

preeaion 
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DETAILED  DESIGN  OF  A  WOODEN  ROOF  TRUSS 

Br  W.  S.  KiNKB 

US.  Conditloiii  Amimed  for  the  DhIiii. — To  illuatrate  the  principles  governing  the  de- 
ngn  of  B  wooden  roof  tnisB,  a  complete  design  will  be  made  of  a  tniu  of  the  type  shown  in  Fig. 
144  (p),  p.  466.  It  will  be  Msumed  that  t^  truss  issupported  on  masonry  walls  which  areSDft. 
kpart,  and  that  the  trusses  are  spaced  16  ft  apart.  The  roof  covering  will  be  shingles  <m 
iheathing  carried  hy  rafters  spaced  16  in.  on  centera.  Purlins  placed  at  the  lop  chord  panel 
joints  carry  the  roof  loads  to  the  truss,  fig.  157  shows  the  general  arrangement  of  the  root 
uid  the  trusses. 


?ls.  1S7. — Detaflad  dtdsn  of  «  woodBn  roof  bun. 

The  pitch  of  the  roof  will  be  taken  H>  tor,  as  stated  in  Art.  123,  tiiia  is  in  general  the  most 
KKWiODtical  pitch.  To  secure  membeia  of  reasonable  length,  the  span  will  be  divided  into  six 
HUiels,  ss  shown  in  Fig.  158.  AU  members  will  be  made  of  wood,  except  the  verticals,  which 
vill  be  steel  rods.  Western  Hemlock  will  be  used  for  all  wooden  truss  membeiB,  and  also  for 
ixe  purlins,  rafters,  and  sheathing. 

Tlie  loads  to  be  carried  by  the  truss  will  be  taken  in  ac-    ' 
sordance  with  the  principles  stated  in  the  chapter  on  Roof 
rruases — General  Design.     Snow  loads  will  be  taken  as  20  lb. 
>er  sq.  ft.  of  roof  surface,  and  the  unit  wind  pressure  will  be    . 
mkea  as  30  lb.  per  sq.  ft  of  vertical  surface.  The  unit  wind  ^^^   ,jg 

aresBure  is  to  be  reduced  by  the  Duchemin  formula  in  deter- 

xiitiing  the  components  normal  to  the  roof  surface.  Minimum  snow  load  will  be  taken  as 
ine-half  of  the  maximum,  or  10  lb.  per  sq.  ft.  of  roof,  and  the  minimum  wind  load  will  be 
tttken  as  on^third  of  thv  maximum. 
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The  actual  weight  of  the  roof  covering,  rafters,  and  purlins  is  to  be  determined,  aanuBBi 
that  Western  Hemlock  weighs  3  lb.  per  foot  board  measure.  In  estimating  the  weight  of  tist 
truss,  the  formula  w  »  0.04  I  +  0.000167  I*  will  be  used,  where  w  =  weight  of  trusses  per  t, 
ft.  of  covered  area,  and  /  »   span  length  in  feet. 

Combinations  of  loadings  for  maximum  fiber  stresses  in  rafters  and  purlins,  and  for  msii- 
mum  stresses  in  truss  members  will  be  as  follows: 

(a)  dead  load  and  snow  load. 

(b)  dead  load,  minimum  snow  load,  and  maximum  wind  load. 

(c)  dead  load,  maximum  snow  load,  and  minimum  wind  load. 

(d)  a  minimum  load  of  40  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  dbjer. 
of  this  last  loading  condition  is  to  make  certain  that  a  fairly  rigid  and  substaBtk 
structure  is  obtained. 

Working  stresses  for  Western  Hemlock  will  be  taken  as  recommended  by  the  AmeriEa 
Railway  Engineering  Association.  These  values  are  given  in  Sec.  7,  Art.  10.  For  timber  used  i 
building  construction,  the  working  stresses  given  in  the  above  mentioned  table  are  aa  foDon: 
extreme  fiber  stress  in  tension  or  cross  bending,  1050  lb.  per  sq.  in. ;  shearing  parallel  to  tb 
grain,  240  lb.  per  sq.  in. ;  shearing  transverse  to  the  grain,  150  lb.  per  sq.  in. ;  compreaaiiffi- 
bearing  parallel  to  the  fibers,  1800  lb.  per  sq.  in.,  bearing  perpendicular  to  the  fibers,  330  F^ 
per  sq.  in.,  columns  under  15  diameters,  1350  lb.  per  sq.  in.,  columns  over  15  diameters  in  kngtL 
1800  (1  —  Z/60  d)  lb.  per  sq.  in.,  where  I  —  length  of  colunm  in  inches  and  d  —  least  aide  s 
diameter.  Bearing  pressures  for  washers  which  cover  only  a  part  of  the  area  of  the  member  a 
be  increased  25% — ^that  is,  to  412.5  lb.  per  sq.  in.  for  bearing  perpendicular  to  the  fibers,  and  2231 
lb.  per  sq.  in.  for  bearing  parallel  to  the  fibers.  This  increase  in  fiber  stresses  is  allowable,  for 
experiments  have  shown  that  the  bearing  pressures  are  indirectly  distributed  to  the  area  im- 
mediately surrounding  the  washer,  thus  increasing  its  effective  area.  The  allowable  beaibi 
pressure  on  masonry  will  be  taken  as  300  lb.  per  sq.  in. 

Where  the  compression  acts  at  an  angle  to  the  member,  the  working  stress  is  given  by  \k 
empirical  formula 

r  -=q  +  ip-q)  (^/90)« 

where  r  »  allowable  working  stress  at  an  angle  d  to  the  axis  of  the  member,  as  shown  in  He. 
159;  and  p  =  bearing  on  end  fibers  —  1800  lb.  per  sq.  in.;  and  q  =  bearing  across  the  fifoes 
»  330  lb.  per  sq.  in.  For  these  values  the  above  formula  becomes:  r  —  330  +  (1800  —  330< 
((?/90)«,  or, 

r  =  330  +  0.1815  6* 

Where  pins  or  bolts  bear  on  the  end  fibens  of  the  material,  as  in  the  design  of  the  built-up  bottos 
chord  member  given  in  Art.  145,  the  allowable  bearing  values  must  be  modified  to  fit  the  os- 
ditions  shown  in  Fig.  159.    The  allowable  bearing  will  be  taken  as  ^  of  the  usual  end  bearinc 

value,  or  as  1200  lb.  per  sq.  in.    This  working  stress  is  considered  as  applied 
to  the  diametrical  area  of  the  pin  or  bolt. 

In  accordance  with  the  discussion  given  in  the  chapter  on  Rod 

Trusses — General  Design,  the  working  stresses  for  wind  will  be  increased  50^ 

over  the  values  given  above.     This  increase  in  working  stresses  can  be  a^ 

counted  for  by  reducing  the  unit  wind  pressure  so  that  the  same  workn 

stresses  can  be  used  for  all  loadings.     Since  the  working  stresses  for  wind  sr 

F      150  ^  of  those  for  other  loadings,  if  %  of  the  unit  wind  pressures  be  used 

the  same  working  stresses  can  be  used  for  all  loadings.     The  unit  vind 

pressure  on  a  vertical  surface  will  then  be  taken  as  ^  X  30  ==  20  lb.  per  sq.  ft.      From  the 

Duchemin  formula,  the  normal  pressure  on  a  ^  pitch  roof  is  14.9  lb.  per  sq.  ft.  of  roof  mnhet 

In  choosing  the  sections  of  timber  with  which  to  form  the  members  of  the  truss,  it  must  \x 

remembered  that  the  actual  size  of  a  piece  of  timber  should  be  used  in  the  calculations.    Tl» 

dimensions  usually  given  for  timbers  are  the  distances  from  center  to  center  of  saw  cuts.     These 

dimensions  are  known  as  the  nominal  dimensions  of  the  piece;  they  are  usually  given  ■ 
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even  inches,  as  for  example,  2  X  4  in.,  6  X  8  in.,  etc.  Actually  the  timber  is  smaller  than 
its  nominal  dimensions  by  the  width  of  the  saw  cut,  which  is  about  K-u^-  thick.  Thus  a 
rough  sawed  piece,  whose  nominal  dimensions  are  4X6  in.,  is  really  only  a  3^  X  5^-in.  section. 
If  this  section  is  dressed,  or  planed  on  all  sides,  the  section  is  about  M-in.  scant  all  around 
from  the  nominal  dimensions,  or  actually  a  3}^  X  5)^-in.  section  is  obtained  instead  of  the 
4  X  6-in.  nominal  section.  The  section  obtained  thus  has  an  actual  area  of  only  about  80 
%,  and  a  section  modulus  of  only  79%  of  the  corresponding  values  for  the  nominal  section. 
These  percentages  vary  with  the  size  of  the  timber. 

The  difference  between  the  actual  and  the  nominal  sizes  of  timber  is  taken  into  account  in 
the  calculations  by  two  different  methods.  In  one  method  the  unit  stress  is  reduced  by  an 
amount  depending  upon  the  reduction  in  area  or  section  modulus.  This  method,  to  be  effective, 
requires  the  use  of  a  sliding  scale  of  corrections,  which  makes  it  rather  undesirable.  In  another, 
and  better  method,  the  actual  sizes  are  used  and  the  working  stresses  taken  as  given  above. 
This  latter  method  wiU  be  used  in  the  work  to  follow.  It  will  be  assumed  that  all  material  is 
dressed  on  four  sides,  and  that  the  actual  dimensions  are  about  H  in«  scant  of  the  nominal 
dimensions.    In  speaking  of  sections,  however,  the  nominal  dimensions  will  be  used. 

The  working  stress  for  steel  tension  rods  will  be  taken  as  16,000  lb.  per  sq.  in.  on  the  net 
section  of  the  rod  at  the  root  of  thread.  In  general,  round  rods  nrill  be  used.  They  will  be  upset 
at  the  ends  if  the  diameter  required  is  greater  than  ^-in.  Bending  stresses  in  steel  bolts  will 
be  taken  as  24,000  lb.  per  sq.  in. 

143.  Design  of  Sheathing,  Rafters,  and  Purlins. — ^In  the  chapter  on  the  Design  of  Purlins 
for  Sloping  Roofs,  Sect.  2,  there  is  given  a  complete  design  of  the  sheathing,  rafters,  and  purlins 
for  conditions  practically  the  same  as  assumed  in  the  preceding  article.  Therefore,  only  the  es- 
sential features  of  liie  design  under  consideration  will  be  given.  Wherever  possible,  reference 
will  be  made  to  the  design  mentioned  above,  and  also  to  the  design  of  the  steel  roof  truss  in  the 
following  chapter,  for  which  similar  conditions  exist. 

From  Fig.  157  it  can  be  seen  that  the  span  of  the  sheathing  la  16  in.,  the  distance  center  to  center  of  rafters. 
As  the  loads  are  the  same  as  for  the  above  mentioned  designs,  it  can  readily  be  seen  that  1-in.  sheathing  is  satis- 
factory. The  rafters  are  to  be  designed  for  the  combinations  of  loading  stated  in  Art. 
142.  As  the  roofing  is  quite  rigid,  it  can  be  assumed  that  the  load  to  be  carried  by  the 
rafters  is  the  component  of  loads  perpendicular  to  the  roof  surface.  It  will  be  found  that  ^^f*^ 
the  loading  of  case  (b)  of  Art.  142  gives  the  required  maximum.  The  conditions  are  as  Mf^-. 
shown  in  Fig.  160.     (See  also  the  design  given  in  Art.  151.)  ^  ^ 

From  the  data  given  and  the  assumptions  made  in  Art.  142,  the  minimum  snow  load 
is  a  vertical  load  of  10  lb.  per  sq.  ft.  of  roof  and  the  normal  wind  load  is  14.0  lb.  per  sq. 
ft.  of  roof.  Assuming  that  shingles  weigh  3  lb.  per  sq.  ft.  of  roof,  and  that  1-in.  sheathing 
weighs  3  lb.  p&  ft.  board  measure,  it  will  be  found  from  the  force  diagram  of  Fig:  160  that  ^'°'  ^^* 

the  total  normal  component  is  29.2  lb.  per  sq.  ft.  of  roof  area. 

From  Fig.  157,  the  area  carried  by  a  rafter  is  (16/12)  9.33  -  12.4  sq.  ft.,  and  the  uniformly  distributed  load  is 
29Je  X  12.4  -  363  lb.  If  a  2  X  4-in.  rafter  be  assumed,  whose  weight  at  3  lb.  per  ft.  board  measure  is  3  X  9.3  X 
Ms  -  18.7  lb.,  the  total  uniformly  distributed  load  is  363  +  19  -  382  lb.  Assuming  that  the  rafters  are  continu- 
ous over  several  purlins,  the  moment  to  be  carried  can  be  calculated  from  the  formula  JU*  *  Ho  ^2  »  Hq  x  382 
X  9.33  X  12"  4270  in.-lb     For  the  working  stress  of  1650  lb.  per  sq.  in.,  given  in  Art.  142,  the  required  section 

modulus  is  4270/1650  —  2.69  in.*      Assuming  the  dimensions  of  a  dressed 
ghat  ofmibitod^  2  X  4  to  be  1^^  X  3J^  in.,  the  section  modulus  furnished  is  (6d>)  /•  ->  3.02  in.' 

II    I    I    I    1^    I    I    I    I    I  ^®  assumed  section  will  be  adopted,  as  it  is  the  smallest  advisable  section. 

T   T   T  I J  |f   T  T  f  T  I,  As  shown  in  Fig.  161,  each  purlin  supports  12  rafter  loads.     From  the 

W  I    hiHh-^  1 4         calculations  given  above,  each  rafter  load  is  382  lb.     Fig.  161  shows  the 

0tf*M''&' Jflft       loads  in  position.     The  maximum  moment  occurs  under  the  load  next  to 


I 


i l!ssi 


^'"^         4  ^®  beam  center.     As  the  purlins  usually  span  only  the  distance  between 

trusses,  simple  beam  conditions  will  be  assumed,  and  M  «  2292  X  5.5  — 
FiQ.  161.  382(1  +2  +  3+4  +  5)-  6880  ft.-lb.  -  82,500  in.-Ib.      Assume  a  6  X 

8-in.  purlin  section.  The  weight  of  the  assumed  purlin  is  6  X  8  X  Ms  *"  12 
lb.  per  ft.,  and  the  moment  due  to  its  weight  is  Af  -  H^ol*  -  H  X  12  X  16*  +  12  -  4600in.-lb.  Total  moment 
—  82,500  +  4600  -  87,100  in.-lb.  Required  section  modulus  -  87,100/1660  »  52.8  in.*  Section  modulus 
furnished  by  a  6  X  8-in.  purlin,  dressed  to  5H  X  7H  in.,  is  51.8  in.'  Although  the  assumed  section  is  slightly 
under  sise,  it  will  be  adopted. 

144.  Determination  of  Stresses  in  Members. — The  general  methods  of  stress  calculation 
are  given  in  Sect.  1.  Stresses  can  be  determined  by  means  of  the  graphical  methods  given  in 
the  above  mentioned  section,  or  by  means  of  the  tables  of  stress  coefficients  given  in  the  chapter 
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on  Roof  Trusses — Stress  Data.  The  latter  method  has  been  used  in  the  design  under  godh^ 
ation.  Aa  the  general  methods  of  procedure  are  given  in  detail  in  Art.  153,  only  the  eoRDtii 
features  are  repeated  here.  The  reader  is  referred  to  the  discussion  given  in  the  foiloni 
chapter,  as  it  applies  also  to  the  design  imder  consideration. 

In  Art.  142  the  formula  for  the  dead  weight  of  the  trusses  is  given  as  to  »  0.04 1  +  0.000167.^ 
where  I  »  span  «  50  ft.,  and  w  «  weight  of  trusses  in  lb.  per  sq.  ft.  of  horisontal  covered  am 
Then  w  «  0.04  X  50  +  0.000167  X  50>  -»  2.42  lb.  From  Fig.  157,  the  horizontal  covec 
area  per  panel  is  50  X  16/6  =  133  sq.  ft.  The  dead  panel  load  due  to  the  weight  of  the  ttm 
ts  then  2.42  X  133  »  323  lb.  The  dead  load  due  to  shingles  is  3  lb.  per  sq.  ft.  of  roof,  andtk 
due  to  the  sheathing  is  also  3  lb.,  giving  a  total  load  of  6  lb.  per  sq.  ft.  of  roof.  From  Fig.  IST 
the  roof  area  per  panel  is  9.33  X  16  »  149  sq.  ft.  The  dead  panel  load  due  to  sheathing  ise 
shingles  is  then  149  X  6  «  894  lb.  From  Fig.  161,  the  weight  of  12  rafters  and  one  purik  e 
brought  to  each  panel  point.  Each  rafter  weights  18.7  lb.,  and  the  purlin  weigha  12  lb.  per  ft 
as  given  in  Art  143.  The  resultmg  panel  load  is  12  X  18.7  +  16  X  12  »  224  +  192  «  416L 
The  total  dead  panel  load  is  then  323  +  894  +  416  »  1833  lb. 

As  given  in  Art.  142,  the  snow  load  is  20  lb.  per  sq.  ft.  of  roof,  and  the  wind  load  is  14.91 
per  sq.  ft.  of  roof.  Since  the  roof  area  per  panel  is  149  sq.  ft.,  the  snow  panel  load  is  a  vertia. 
load  of  149  X  20  B  2980  lb.,  and  the  wind  panel  load  is  14.9  X  149  =  2220  lb.,  a  load 
acts  normal  to  the  roof  surface.  In  Art.  142,  a  minimum  load  of  40  lb.  per  sq.  ft.  of  horinntL 
covered  area  is  also  specified.  The  panel  load  for  this  loading  is  40  X  133  =  5320  lb.,  a 
load. 

The  etreaset  due  to  the  above  panel  loads  are  given  in  Table  1.     Dead  load  atresses  are  given  in  eoL  1;b0i 
load  BtresBee  are  given  in  ooL  2;  minimum,  or  half  snow  load  stressea,  are  given  in  ool.  3;  wind  streoBea  for  wind  fm 

Tablb  1. — Stresses  in  Membebs 


Member 

Dead 
load 

1 

Snow 
load 
2 

One-half 

snow 

load 

3 

Wind 

from 

left 

4 

Wind 

from 

right 

6 

One-     . 
third 
wind 
6 

D  L..  H 

S.  L.,  and 

wind 

7 

D.  L.,  H 

wind,  and 

snow 

8 

Vertical 

loading 

9 

Mas- 

•trcM 
10 

db 

-10.260 

-16.660 

-8,326 

-6.060 

-4,160 

-2,320 

-26.626 

-20,220 

-20.800  -2M» 

be 

-  8.200 

-13,320 

-6.660 

-6,270 

-4,160 

- 1,760 

-20.130 

-23.280 

—  23.800 

-2ajBi 

ed 

-6,160 

-10.000 

-6,000 

-3,610 

-4.160 

-1300 

-15,310 

-17,540 

-17,820 

-I7,» 

tU-€f 

+0.180 

+  14.900 

+7.450 

+7,770 

+2.800 

+2.600 

+24,400 

+26.670 

+2«.600 

+26.C: 

Sq 

+7,340 

+  11.020 

+5.060 

+6.280 

+2,800 

+  1,760 

+  18.680 

+21,020 

+21.300 

+21^' 

hf 

-  2.060 

-  8.340 

-1.670 

-2.780 

0 

-    030 

-  6.610 

-  6,430 

-  5,060 

-  6,5tt 

eg 

-  2,500 

-  4,200 

-2.100 

-3,620 

0 

-1.170 

-  8.210 

-  7.060 

-  7,610    -  84» 

cf 

+      016 

+  1,400 

+    746 

+  1.230 

.  0 

+    410 

+  2.000 

+  2.816 

+  2.660 

+  2JPC 

dg 

+  3.670 

+  6.060 

+2.080 

+2,480 

+2,480 

+    826 

+  0.130 

+  10,445 

+  10.640 

+iaMi- 

be 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+  ■■  tension. 
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the  left  are  given  in  ooL  4,  and  for  wind  from  the  richt«  the  streoaee  are  given  in  ooL  5;  minimum,  or  one-third  wind 
Btreeees  are  given  in  ool.  6.  The  wind  etrenee  are  calculated  on  the  aaaumption  that  both  enda  of  the  tnue  are 
rigidly  fastened  to  the  maaonry  walb,  and  that  the  reactions  are  parallel  to  the  direction  of  the  wind — that  is,  nor- 
mal to  the  roof  surface.  The  assumption  of  fixed  ends  fe  reasonable,  for  a  wooden  truss  is  not  effected  by  tempera- 
ture changes,  and  no  provision  for  expansion  need  be  made,  as  in  the  case  of  the  steel  truss. 

The  maximum  stresses,  as  given  by  the  oombinationa  of  casea  (b).  (c),  and  (d)  of  Art.  142,  are  given  in  cola.  7, 8, 
and  9  respectively.  Streases  for  ool.  9  are  calculated  from  the  dead  load  by  ratio  of  the  panel  loada  for  a  minimimi 
load  of  40  lb.  per  aq.  ft.  of  covered  area,  which  is  5320  lb.,  and  the  dead  panel  load,  which  ia  1833  lb.  Col.  10  gives 
the  greateat  of  theae  maximum  valuea,  which  ia  the  atreaa  for  which  the  membos  are  to  be  designed. 

146.  Design  of  Members. — ^As  stated  in  Art.  142,  the  top  and  bottom  chord  members  and 
the  diagonal  web  members  will  be  made  of  timber,  and  the  vertical  members  will  be  made  of  steel 
rods.  The  working  stresses  for  the  wooden  compression  members  whose  length  exceeds  15 
times  the  least  width  is  given  in  Art.  142  as  1800  (1  —  Z/60  (2),  where  I  =  length  in  inches,  and 
d  —  least  dimension  in  inches.  Compression  members  whose  length  is  less  than  15  times  the 
least  width  are  to  be  designed  for  a  working  stress  of  1350  lb.  per  sq.  in.  The  working  stress 
for  wooden  tension  members  is  given  as  1650  lb.  per  sq.  in.  For  steel  members  the  working 
stress  is  16,000  lb.  per  sq.  in.    All  data  for  the  design  is  given  in  Table  2. 

Sections  for  wooden  compression  members  should  be  square,  if  possible,  in  order  to  secure 
a  member  of  equal  rigidity  in  planes  perpendicular  to  the  sides  of  the  members.  Single  pieces 
are  preferable  to  members  built  up  ot  planks  placed  side  by  side  and  nailed  or  bolted  tc^ether 
to  form  a  single  member.  The  excessive  cost  of,  or  diflBculty  in  obtaining  single  pieces,  may 
decide  in  favor  of  the  built-up  member. 

Wooden  tension  members  must  contain  considerable  excess  area  in  order  to  provide  for  notch- 
ing at  the  joints.  Single  pieces  are  preferable  for  use  as  tension  members.  If  planks  are  used, 
placed  side  by  side  to  form  a  built-up  member,  considerable  care  must  be  taken  in  order  to  make 
certain  that  the  proper  net  area  is  provided  at  all  points.  Further  discussion  of  this  detail 
will  be  given  in  connection  with  the  design  of  the  lower  chord  member. 

Design  of  Top  Chord  Member, — The  design  of  the  top  chord  member  will  be  determined  for 
the  conditions  existing  in  member  o^,  where  the  stress  is  a  maximum.  From  Table  1  the 
stress  in  member  a—hia  29,800  lb.  compression.  Assume  a  6  X  6-in.  member,  of  which  the 
actual  size  will  be  taken  as  5K  X  53^  in.  Since  the  length  of  member  a--b  is  112  in.,  the  ratio 
l/d  »  112/5.5  »  20.4.  Therefore  the  working  stress  is  to  be  determined  by  the  formula 
1800(1  -  l/QOd).  For  the  assumed  section  the  working  stress  is  1800  (1  -  112/60  X5.5) 
»  1800(1  -  0.34)  »  1100  lb.  per  sq.  in.;  and  the  required  area  is  29,800/1100  «  25.0  sq.  in. 
The  area  provided  by  the  assumed  section  is  5.5  X  5.5  »  30.25  sq.  in.  The  assumed  section  is 
ample  and  it  will  be  adopted. 

In  truaaea  of  the  aise  under  conaideration,  it  ia  uaual  to  make  the  entire  top  chord  of  the  aame  croaa  aeotion. 
For  larger  truaaea,  the  aection  of  the  upper  end  of  the  top  chord  ia  aometimea  reduced  m  aise.  A  butt  aplioe  ia  made 
at  one  of  the  panel  pointa.  Thia  splice  can  be  deaigned  by  the  methoda  given  in  the  chapter  on  Splioea  and  Con- 
nectiona — Wooden  Membera. 

If  the  top  chord  member  ia  to  be  made  of  planka,  a  2  X  6-in.  piece,  actual  dimenaiona  about  IH  X  5^  lAt 
would  probably  be  uaed  in  the  caae  under  conaideration.  To  provide  the  proper  area,  three  piecea  will  be  required. 
For  thia  aection,  d  «  3  X  IM  -  4>^  in.;  l/d  -  23;  and  the  allowable  workUig  atreaa  ia  1120  lb.  per  aq.  in.  The 
area  required  ia  then  2Q,800/1120  -  26.6  aq.  in.,  and  that  provided  ia  3  X  IH  X  5.5  -  26.8  aq.  in.  The  aeotion 
ia  ample.  To  hold  the  aeveral  piecea  together,  bolta  about  M  in>  in  diameter  ahould  be  placed  through  the  pieoes 
at  intervale  auch  that  the  value  of  l/d  for  a  aingle  piece  will  be  not  greater  than  the  value  for  the  whole  member. 
From  the  calculation  given  above,  l/d  for  the  whole  member  ia  28.  Since  d  for  a  aingle  plank  ia  IM  in.,  the  dis- 
tance between  bolts  must  be  about  (23)(1^)  —  37.4  in.    Bolta  spaced  3  ft.  apart  will  probably  be  satisfactory. 

Design  of  Compression  Web  Members. — ^The  compression  diagonals  h-f  and  e-^  are 
designed  by  methods  similar  to  those  used  for  the  top  chord  member.  It  was  found  that  4  X 
4-in.  members,  actual  size  assumed  as  3^  X  3^  in.,  are  sufficient  as  far  as  stress  condi- 
tions are  concerned.  It  sometimes  happens  that  the  sise  of  member  as  designed  must  be  in- 
creased to  provide  sufficient  bearing  area  for  joint  details.  The  actual  sizes  as  designed  are  given 
in  Table  2.    If  changes  are  required,  they  will  be  made  in  Art.  146  on  the  design  of  joints. 

Design  of  Bottom  Chord  Tension  Member, — From  Table  1,  the  maximum  stress  in  the 
bottom  chord  occurs  in  membeis  a-e-f,  where  the  stress  is  26,670  lb.  tension.  The  net 
area  required  for  the  allowable  working  stress  of  1650  lb.  per  sq.  in.  is  26,670/1650  »  16.2  sq. 


510 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[SecS-1 


a^£L 


^ffi^S! 


eevjb 


Fio.  162. 


(c) 


in.    In  general,  it  will  be  found  that  in  order  to  provide  for  notching  at  the  joints,  ete^ 
adopted  section  must  provide  an  area  about  %  greater  than  the  required  net  area,  or  m 
case,  the  adopted  section  shold  provide  at  least  1^.2  XlK-27  8q.  in.     A6X  6-in.  meal 
actual  size  5H  X  5K  in.,  provides  30.25  sq.  in.    This  section  will  be  adopted,  subject  to 
condition  that  it  must  provide  the  required  net  area  at  the  joints,  a  point  which  will  be  d 
determined  in  the  following  article. 

The  lower  chord  member  for  the  truss  under  consideration  will  now  be  destined  as  a  btjl 
up  section.  It  will  be  assumed  that  2  X  ^in.  plank,  actual  size  1^  X  7H  in.,  are  to  be  wj 
Since  the  rods  composing  the  vertical  members  pass  through  the  chord  section,  an  odd  duiq! 

of  pieces  will  be  provided,  and  the  center  piece, 
will  contain  the  rods,  will  not  be  assumed  to  canr 
of  the  chord  stress.     Assume  a  section  consisting 
five  pieces,  placed  as  shown  in  Fig.  162. 

The  splices  in  the  member  \(i]l  be  located 
shown  in  Fig.  162;  they  will  be  placed  abont  a 
from  the  panel  points.  For  the  arrangement  shon 
the  planks  can  be  ordered  in  lengths  not  to  exceed  3 
ft.  It  wiU  be  noted  that  in  ^ach  panel,  onlytr 
pieces  are  available  at  the  splices  to  carry  the  Icti 
tension.  The  net  area  of  these  pieces  for  tk 
member  a-e-/  must  then  be  26,670/1650  =  16.2  sc 
in.,  or  8.10  sq.  in.  for  each  plank.  Assuming  Cf 
splices  to  be  made  with  1-in.  bolts,  of  which  there  are  two  on  the  same  vertical  sectJoit  s 
shown  in  Fig.  (c),  the  net  area  of  a  2  X  8-in.  plank  is  1%  (7.6  —  2  X  1;  =  8.95  eq.  in.  lb 
assumed  section  is  probably  sufficient,  as  all  notching  for  the  joint  at/  can  readfly  be  made  a 
the  three  inside  members. 

In  determining  the  number,  sise,  and  position  of  the  bolts  connecting  the  several  planks  fornung  the  botlB 
chord  member,  due  attention  must  be  paid  to  the  transmission  of  stress  across  the  spliced  sections.  Thus  is  Ft. 
162(a),  the  total  stress  in  member  a-e  on  the  section  x-x^  close  to  joint  a,  is  carried  by  four  planks,  aasumiag  ts 
the  center  plank  is  inactive,  as  stated  above.  Therefore,  on  section  x-x  each  plank  has  a  stress  of  26,67Q,'4  > 
6670  lb.  At  the  splice  just  to  the  left  of  joint  e,  all  of  the  load  is  carried  by  the  planks  numbered  2  in  Fig.  te. 
Therefore  between  the  sections  x-x  and  joint  e,  the  stresses  of  6670  lb.  in  planks  1  have  been  transferred  to  phss 
2,  which  are  fully  stressed  at  the  splice,  as  calculated  above.  | 

The  stress  in  planks  1  will  be  transferred  to  planks  2  by  means  of  1-in.  bolts,  as  assumed  above.  The  ttm- 
her  of  bolts  required  will  be  determined  by  the  safe  bearing  on  the  end  fibers  of  the  wood,  and  by  the  safeboiAK 
stresses  in  the  bolts.  At  1200  lb.  per  sq.  in.,  the  safe  bearing  for  a  IH-ia.  plank  on  a  1-in.  bolt  is  1200  X  1.GS3 } 
1  -  1950  lb.  The  number  required  for  bearing  is  then  6670/1050  -  3.42,  or  four  bolts.  Assuming  the  loa^ 
conditions  on  the  bolts  to  be  as  shown  in  Fig.  (6),  the  total  moment  to  be  carried  by  the  bolts  is  6670  X  LC 
—  10,820  in.-lb.  From  the  tables  of  safe  bending  moments  on  bolts  for  a  fiber  stress  of  24,000  lb.  per  sq.  iiu  » 
allowable  bending  moment  on  a  1-in.  bolt  is  2360  in.-Ib.  Therefore,  10,820/2360  »  4.6,  or  five  bolts  are  reqsra 
for  bending  moment.    These  bolts  arc  shown  in  position  in  Fig.  162  (e). 

The  distance  from  the  centers  of  the  bolts  to  the  edge  of  the  splice  is  determined  by  the  required  strrart^s 
shearing  on  the  dotted  lines  shown  in  Fig.  (c).  Since  five  bolts  are  to  be  used,  the  load  on  each  bolt  is  6670  3  > 
1335  lb.  From  Art.  142,  the  shearing  value  of  hemlock  parallel  to  the  grain  is  240  lb.  per  sq.  in.  The  nqmi 
disUnce  from  the  center  of  the  bolt  to  the  edge  of  the  plank  is  then  1335/2  X  1.625  X  240  -  1.72  in.  The  anaar 
ment  shown  in  Fig.  162(e)  is  convenient,  and  will  be  adopted. 

At  the  right  of  the  splice  at  joint  e,  an  arrangement  of  bolts  similar  to  that  described  above  must  ake  h 
used,  for  the  stress  in  planks  2  must  be  transferred  to  planks  1  because  of  the  splice  in  planks  2  at  joint  /.  As  tk 
calculations  are  similar  to  those  given  above,  they  will  not  be  repeated. 

In  the  panel  /-t/,  similar  calculations  must  also  be  made.  As  the  stresses  are  smaller  than  those  in  the  sit 
panels,  four  bolts  will  be  found  sufficient.  At  points  between  the  splices,  the  planks  are  to  be  held  tosether  by  h 
in.  bolts  placed  about  2-ft.  centers. 

Design  of  Vertical  Tension  Rods, — ^The  vertical  tension  members  will  be  made  of  round  m^ 
threaded  at  the  ends  and  provided  ^ith  square  nuts.  As  shown  in  Table  2,  a  plain  ^r*^ 
diameter  round  rod  provides  some  excess  area  for  member  c-/.  Since  this  is  about  the  smsj- 
est  advisable  size  of  rod  for  such  members,  it  will  be  used.  It  is  to  be  remembered  that  tv 
area  of  the  rod  at  the  root  of  thread  governs  the  design. 

Although  meinber  (i-^  has  no  definite  stress,  a  ^^-in.  rod  wiU  be  used. 
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For  member  d-g  an  area  of  0.6()5  sq.  in.  at  root  of  thread  is  required.  A  plain  rod  13^ 
n.  in  diameter  will  furnish  the  required  areal  It  will  probably  be  better  practice  to  use  a  rod 
>f  smaller  diameter  with  an  upset  end.  From  the  tables  of  upset  ends  for  round  rods,  it  will 
)e  foimd  that  a  1-in.  rod  with  a  1^-in.  upset  end  is  required.    ' 


Table  2. — ^Design  of  Members 


Member 

Max.  BtresB 
(lb.) 

Length 

of 
member 

(in.) . 

Least 
width 
(in.) 

L/D 

Working 

stress 
(lb./in.«) 

Area 
required 
(sq.  in.) 

Section 

Area 
provided 
(sq.  in.) 

ab 

-29,800* 

112 

6H 

20.4 

1.190 

25.0 

6"  X  6" 

30.25 

be 

-23.800 

■   •   •  * 

6"  X  6" 

ed 

- 17.820 

■  «   ■  ■ 

•   ■  •  • 

6"  X  6" 

a^ef 

+  26,670 

•  •  •   • 

1,650 

16.2 

6"  X  6" 

30.25 

fo 

+21,300 

•  •   •  • 

a    •    «    ■ 

1,660 

12.9 

6"  X  6" 

30.25 

V 

-  6,510 

112 

3H 

31.0 

875 

7.45 

4"  X  4" 

13.15 

eo 

-   8,210 

141 

3« 

35.3 

630 

13.0 

4"  X  4" 

13.15 

cf 

+  2,990 

16,000 

0.187 

^"  round  rod 

0.302 

dg 

+  10.640 

•  •  ■   • 

16,000 

0.665 

1"  round  rod  upset  to  1^" 

1.05 

be 

0 

•   •   ■    ■ 

•   •   •   • 

0 

fi"  round  rod 

0.302 

tension. 


—   =  compression. 


146.  Design  of  Joints. — A  great  variety  of  joint  details  are  in  use  for  wooden  roof  trusses, 
rhe  general  principles  governing  the  design  of  joints  have  been  given  in  the  chapter  on  Roof 
rrusses — General  Design,  where  typical  joint  details  are  shown.  In  the  present  article,  the 
lesign  methods  will  be  given  for  some  of  the  details  in  common  use,  particular  attention  being 
>aid  to  details  suitable  for  the  type  of  truss  under  consideration. 

The  general  principles  of  joint  design  given  in  the  chapter  on  the  Detailed  Design  of  a 
$teel  Roof  Truss  apply  also  to  a  wooden  roof  truss.  Center  lines  of  members  must  be  made  to 
ntersect  in  a  common  point.  If  this  can  not  be  done,  the  additional  stresses  in  the  members 
lue  to  the  eccentric  connections  must  be  calculated  and  proper  provision  made  for  them. 

In  designing  the  joint  details,  the  stresses  transmitted  from  one  member  to  another  must 
>e  carefully  determined  and  the  bearing  areas  between  the  members  proportioned  to  provide 
or  the  stresses  to  be  carried.  In  general,  simple  details  are  desirable,  and  the  joints  should  be 
nade  up  with  as  few  parts  as  possible.  Indirect  connections,  and  those  in  which  the  distri- 
mtion  of  the  stress  to  several  parts  is  indeterminate,  should  be  avoided.  Where  the  stresses 
ixe  small,  one  member  can  be  notched  into  another  to  form  the  joint  details.  Where  very 
arge  stresses  are  to  be  transmitted  from  one  member  to  another,  metal  bearing  plates  or  cast- 
DgB,  side  plates,  or  bolted  connections  are  required.    The  general  principles  for  the  design  of 
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Design  of  Joint  b. — As  the  BtreM  to  bo  tranamitted  from  member  b-f  to  the  top  thai; 

member  is  comparatively  small,  a  notch  detail  of  the  form  ahown  in  lig.  163  will  be  lued   li 

order  to  make  certain  that  the  resultant  pressures  on  the  faces  1-2  and  2-3  intersect  on  theccsla 

line  of  the  member  at  poiDt  i,  the  notch  wiU  be  made  with  fm 

at  90  deg.,  as  ahown  in  Fig.  163.     In  this  way  a  centnl  ear 

nection  is  made  and  eccentric  momenta  are  eliminated- 

Aasume  a  notch  1  ^  in.  deep  on  face  1-2.  The  dimaisfw 
and  form  of  the  resulting  notch  are  shown  in  Fig.  163.  The* 
dimmsions  w«e  scaled  from  a  lai^  scale  layout  of  the  joci. 
In  making  the  layout,  the  actual  dimensions  of  the  manbo 

P,g  1^  Resolving  the  stress  in  member  6-/  into  its  eomponois 

perpendicular  to  the  faces  of  the  notch  by  means  of  a  fun 
diagram,  the  forces  to  be  carried  are  as  shown  in  Fig.  163.  Since  these  loads  act  at  an  ufk 
to  the  grain  of  the  material,  the  strength  of  the  notch  depends  upon  the  allowable  beariii 
values  on  these  surfaces,  as  determined  by  the  formula  of  Art.  142,  for  which  the  condiUa 
are  shown  in  Fig.  159.  The  angles  which  the  surfaces  1^  and  2-3  make  with  the  grain  li 
the  material  of  the  chord  member  and  of  member  b-f  are  as  shown  in  Fig.  163.  These  an^ 
were  measured  with  a  protractor  from  a  large  scale  layout  of  the  joint.  Angles  were  nad  in 
the  nearest  half  degree. 

The  allowable  bearii^  values  as  calculated  from  the  formula  of  Art.  142  are  as  folkm: 

Chord  number: 

■urboe  1-2,  330  +  0.1S1S(T4)>  -  1330  lb.  per  sq.  id. 
■urtuiaa-3.  330  +  0.181S(ie)>-    37fi  lb.  per  nq.  in. 
Member  b-/; 

■uifue  1-2,  330  +  0.1S1S(52.S)>  -  860  lb.  p«  iq.  in. 
■urhoe  2-3.  330  +  0.181S(37.G)>  -  GS£  lb.  per  aq.  in. 

For  these  allowable  bearing  values,  the  areas  required  are  as  follows: 

Cbon)  member: 

Bur^Kse  1-2,  £300/1330  -    3.90m|.  in. 

turfftot  2-3,  3900/  375  -  10.4  tq.  in. 
Member  b-f: 

lurfeoe  1-Z,  S200/850  -  0. 13  eq.  id. 

■urface  2-3,  3e00/5S6  -  6.67  eq.  Id. 

These  calculations  show  that  the  required  areas  are  6.12  sq.  in.  for  surface  1~2,  and  10.4  b). 
in.  for  surface  2-3. 

As  the  notch  1-2  is  assumed  to  be  l}^  in.  deep,  the  width  required  on  this  surface  is  6.12. 
1.25  —  4.90  in.  From  the  design  given  in  Art.  145,  a  4  X  4-in.  member  is  sufGcient  for  monbe 
6-/  as  far  as  the  column  design  is  concerned.  This  member,  however,  does  not  provide  tk 
required  width  on  surface  1-2,  as  given  by  the  above  calculations.  The  required  area  can  U 
provided  by  one  of  two  methods;  either  the  notch  can  be  made  deeper,  or  the  member  can  be 
made  wider.  As  designed  in  Art.  146,  the  chord  member  is  6  in.  wide  and  member  b-f  is  4  in. 
wide.  It  la  tlierefore  posdble  to  increase  the  width  of  member  b-/.  In  this  case  it  does  not 
seem  advisable  to  make  the  notch  deeper  than  assumed,  because  the  excess  area  provided  br 
the  section  adopted  does  not  allow  much  cutting.  The  required  area  will  be  provided  by  a- 
creasing  member  b-f  to  a  4  X  6-in.  section,  actual  size  assumed  as  3%  X  5H  m.,  placed  witli 
the  4-in.  side  in  the  plane  of  the  truss,  as  shown  in  Fig.  163.  The  area  provided  on  suifsce 
1-2  is  then  5.5  X  1.25  -  6.876  sq.  in.,  which  is  satisfactory. 

In  order  lo  prevent  member  b-f  from  slipping  out  of  place  due  to  shrinkt^e  of  the  parti, 
it  is  best  to  provide  a  tenon  projecting  from  the  surface  2-3  into  a  slot  in  the  chord  member.  K 
shown  in  Pig.  163.  This  tenon  should  be  about  1  in.  thick,  and  the  slot  in  the  chord  membe 
which  receives  the  tenon  should  be  about  IH  >"  wide.     The  net  width  of  the  surface  2-3  ii 
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then  S.S-- 1.125=  4.37S  in.  From  Fig.  103,  the  lengLh  of  the  surface  2-3  is  4.53  in.  The  area 
provided  is  then  4.53  X  4.375  =  19.8  sq.  in.  From  the  calculations  given  above,  an  area  of 
10.4  sq.  in.  is  required.     Hie  detail  is  satisfactory  and  will  bo  adopted. 

Fia.  IM  ihowa  viother  wrknccmeDt  for  Joint  h.    A  S-shsped  bent  >l»1  plats  hu  one  of  lb>  Itsi  ootohed  Into 
th«  ehocd  n»mb«r.  while  Uie  otfaer  ]t(  tarmi  a  proJectloD  imuiiat  vhlch  the  member  Wbean-    The  depth  of  th« 
proJHtticm  1-2  ia  determined  by  the  allowable  bearini  on  this  lurfaee.  wblcb.  from  tbe  formula  of  Art.  142,  li  330  + 
O.I8I5<3S.8)>  -  GTfi  lb.  p«r  eq.  in.     Reeolvinf  tbe  etma  in  b-f  into  components  parallel  and  perpendicular  to  the 
obord  member,  the  kiadi  iho»n  Id  the  force  diagiam  ore  obt^nnl. 
Theiefore,  the  area  re^iulred  on  lurface  1-2  -  2910/fiTS  -  4.SS  aq.  In. 
It   W  be  Uken  aa  a  4  X  4-in.  member  (actual  die  aH  in.  iquare).  the 
rmuired  diaUnce  1-2  -  4.98/3.62^  -  1.37S  -  IH  in. 

The  thicknsH  of  the  plats  i*  determined  by  Ite  MiCDsth  oi  a  einti- 
lerer  beam  of  length  IH  in.  The  plat*  will  be  made  tbe  lull  width  of 
tbe  chord  memberi  which  la  5H  In.  wide.  Aaauminc  the  prcaaure  to 
be  concentrated  at  the  center  of  the  autface  1-2,  tbe  moment  i>  >i  X 
2S10  X  1.37S  -  1S30  In.  lb.,  and  the  tfaioknaa  required  fot  a  workin* 
■treaa  of  lfl,000  lb.  per  sq.  in.  Ia  d  -  (eif//i}M  -  Cfl  K  1030/16,000  X 
g.5)M  _  0.3623  In.     A  >i-in.  plate  will  be  ueed. 

From  the  formula  ol  Art  142,  the  allowable  b«r!nc  preaaure  toi  '™"'  " 

the  4  X4-ia.  member  on  the  aurfaceS-S  ia  330  +  O.ISIG  (1».2)>  -  B40  yvo.  164. 

lb.   per   eq.   in.     The  bearini  area   required   between  the  4   X  4-1d, 

member  and  the  nndei  tide  ot  the  plate  ia  £830/840  -  6.9S  aq.  In.  On  the  upper  Barface  of  the  plate,  the  beartns 
ia  directly  on  the  aide  ot  the  chord  memlier,  and  the  allowable  beaiins  ie  330  lb.  per  >q.  in.  The  bearinf  area 
required  on  th«  lower  face  of  tbe  chord  memlw  la  S830/330  -  17.7  aq.  In.  From  a  larie  aeal*  layout  of  the 
joint,  the  dimenaiona  were  found  to  be  aa  ahown  In  Fl|.  104.  The  bearics  area  provUed  between  the  4  X  4-iD. 
member  and  the  plate  ia  then  3M  X  3K  -  1^-7  aq.  In,,  and  the  area  provided  between  the  chord  memlxr  and 
the  plate  la  S.S  X  3.G  -  IS.2  aq.  in.,  ae  the  plate  ia  aaanmed  to  cover  the  full  width  of  the  chord  member. 

The  oomponent  at  thruit  parallel  to  the  chord  member  i*  token  up  by  notohins  into  the  chord  nember.    A* 

the  beorilw  ia  on  the  end  Gbera  ol  the  matariat,  the  allowable  bearinf  ia  1800  lb.  per  eq.  in.,  and  the  area  required 

b  mo/1800  -  1.62  eq.  in.      Tbe  depth  ol  the  notch  required  la 

1.62/E.fi  -  0.204  in.      A  M-in.  natch  will  be  uaed,  lor  a  ahallowet 

notch  ia  not  effeotive. 

The  bent  plate  i*  kept  In  contoot  with  the  chord  member  and 
with  member  W  by  mtana  of  lax  ecrewa.  or  by  meana  of  a  bolt  pM>- 
inc  through  thamembera.     Pic.  164showa  the  adopted  detail. 

Fii.  lefi  ahowi  a  detail  for  Joint  b  which  moke*  u«a  of  a  csat-iroa 
^  ancle  bleck.  Thii  block  Is  notched  into  the  top  chord  by  meana  ot 
a  luc  cast  on  the  angle  block.  Member  W  beara  directly  on  the 
end  of  the  angle  block.  In  order  to  aave  material,  and  abo  to 
reduce  the  weight  of  the  angle  block.  It  will  be  mode  up  of  two 
bearing  aurfacea,  1-2  and  3-4.  connected  by  a  caat  web. 

The  deaign  of  an  angle  block  0 
oonaiata  in  the  delenninatlon  ol  the  alai 
the  tcq>  chord,  and  the  thicknea  required  for  the  cantilever  beama 
fbnnins  the  bearing  aurfacea  1-3  and  3-4.  The  force  diagram  thow* 
the  eompoDeota  of  load  parallel  and  perpendicular  to  the  top  chord 
Jotnf  b  member. 

The  depth  of  the  lug  muat  be  auffloiant  to  tranafer  to  the  end 
flbera  of  the  top  chord  member  a  atnM  of  2910.  aa  ahown  by  the  force 
diagram.     Aa  the  allowable  bearing  on  the  end  Gbera  of  the  material 
(^i  1>  1800  lb.  per  aq.  in.,  and  the  width  ot  tbe  chord  member  i>  fiK  !"< 

"^"^  ""  the  depth  of  notch  requited  ia  only  2010/1800  X  S.S  -  0.204  in, 

Fia.  ISS.  Aa  the  required  notch  ia  too  ahallow  to  be  eRective,  a  1-in.  notch 

will  be  uaed.  The  width  of  tbe  lug  to  detetBuned  by  ila  (trength  ■* 
•  cantilever  beam  under  ■  moment  of  2910  X  O.S  -  1455  in.-!b  If  the  woikiDg  atreas  lor  not  iron  ia  taken  aa 
3000  lb,  per  aq.  in.,  the  width  required  ia  (6 Jf/V)^  -  (S  X  14SG/S.S  X  3000)  -  0.72T  in.  A  width  of  1  In.  will 
be  adopted.     The  details  of  tbe  lug  are  a<  ahown  in  Fig.  ISA. 

The  areo  required  on  tbe  BurlacB  1-2  ia  determined  by  the  besring  etrencth  of  the  timber  ocroaa  tbe  fibera, 
which  ia  330  lb.  per  sq.  in.  From  the  force  diagram,  the  load  to  be  tranamitted  to  the  chord  member  to  5830  lb. 
The  area  required  Is  then  £830/330  -  17.7  aq.  in.  If  It  be  aaaumed  that  the  top  nirlace  of  the  lug  don  not  carry 
eomprtsalon  due  to  Imperlect  workmaoablp,  tbe  area  provided  on  turtace  1-3  ia  (4.S  —  1.0)  S.S  -  19,3  aq.  in.,  which 
i*  ample. 

The  thickness  ot  the  upper  bearing  aurbce  is  i 
csntilever  beam.  Fig,  (A)  ahowa  a  vertical  section  i-- 
—  303  lb.  per  sq.  in.,  acting  aa  ahown  in  Fig.  {b). 
beam  1  in.  wide  to  M  X  303  X  3.25>  -  7SS  In.-lb.  at 
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of  3000  lb.  per  eq.  in.  for  cut  iron,  the  rmuiiKl  tfaJokDO*  la  (6lr/V)M-  (6  X  TW/SOOO)^ 
wilt  be  D»d«  IH  in.  tbioli. 

By  ■  iiinulu  procem  it  will  be  found  that  the  UiickncaaottbsbMrinc(urfece3-ic«D  kko  be  made  IMi>-Aa 
The  Biwle  block  wUI  be  futeoed  U>  the  chord  Diember  bji  mam  of  lag  ecrcira.  To  hold  the  member  Wii  [4>t 
aide  pieceg  irilt  be  cut  on  the  lower  hnriiig  ■»[{■««.  Lkgacrewi  tbrougb  tbeprojeetjoni  tbua  fdrmed  wiD  b«k  ■ 
member  rigidty  in  position.     Ml  details  src  ihown  in  Fif.  ISS. 


Uirouch  tl 


ie(c)Bho 


ibei  uid  bflftiB  on  tlie  chord  bjr  u 
it  member  b-t  has  no  definite  i 

[>  the  one  deaiened  for  joint  c  viO  btvtd 
It  the  det«ilB  of  the  wiafaer- 


Dtmgn  o}  Joint  e. — Fig.  166  shows  tmoii- 
BignB  for  joint  c.  The  design  methods  are  nmk* 
to  those  used  for  joint  b,  Vig.  (a)  shows  a  jai- 
made  by  notahing,  and  Fig.  (h)  shows  an  vf> 
block  design.  Due  to  the  aDgle  between  hmk- 
ber  e-g  and  the  top  chord  member,  a  solid  blod 
a  used  in  this  cBse. 
The  vertical  rod  c-f  transmita  to  the  appe 
chord  its  etreea  of  2990  lb.  This  load  ia  brougb 
to  the  top  of  the  chord  member  by  a  warta. 
In  this  case  a  cast  angle  washer  will  be  used. « 
shonn  in  Fig.  166  (c).  The  design  of  \im 
washer  consiste  in  providing  a  base  area  mi- 

cient  to  transmit  to  the  top  fibers  of  the  chord  member,  a  stress  of  26S0  lb.,  the  tMrnpontsl  a 

stress  perpendicular  to  the  chord  member,  and  in  providing  an  area  at  the  toe  of  the  waihe 

which  will  provide  for  a  load  of  1340  lb.,  the  component  of  streaa  parallel  to  the  chord  memba 

The  stresses  to  be  carried  were  determined  from  the  force  diagram  of  Fig.  (c). 

As  stated  in  Art  142,  the  bearing  under  washers  which  bear  perpendicular  to  the  grab 

is  412.5  lb.  per  sq.  in.    The  area  required  on  surface  1-2  of  Fig.  (c)  is  then  2680/412.5  =  ti 

sq.  in.    Since  the  rod  composing  member  e-/ia  ?i  in.  in  diameter,  the  hole  in  the  washer  ahouij 

be  about  1  in.  in  diameter.    As  the  hole  in  the  base  of  the  washer  is  elliptical  in  form,  the  an 

will  be  taken  as  1.5  sq.  in.     The  required  gross  area 

of  the  base  is  then  6.6  +  1-6  ■=  8.0  sq.  in.      A  3  X  3 

in.  base  will  be  used. 

To  resist  the  component  of  load  parallel  to  the 

chord  member,  the  washer  will  be  set  into  the  chord 

member.     As  the  allowable  end  bearing  on  the  fibers 

is  1800  lb.  per  sq.  in.,  and  as  the  washer  is  3  in.  wide, 

the  indentation  must  be  at  least  1340/1800  X  3  = 

0.25  in.    A  ^-in.  indentation  wiU  be  used,  as  shown 

in  Fig.  (cj. 

Other  forma  of  wuher  detkih  in  ODmmon  uae  tor  ilopina 
chorda  are  ahown  in  Fife,  (d)  and  (<).  Id  the  form  ahown  in 
Fig.  (d),  the  top  chord  ia  nolfbed  to  form  •  horiioat*!  eurtkoe. 
A  round  or  equnre  waiher  ia  then  lued  whoae  baae  ara.  la  de- 
termined for  the  allowsble  baring,  ai  ealcutated  from  the 
formula  ol  Art  142.  Fig.  (i)  ehowe  a  bent  plate  waaher.  The 
deaign  of  thia  detail  is  similar  to  the  one  ahawn  in  Fig.  (e). 

Design  of  Joint  d. — Joint  d,  the  apex  joint,  is  a 
butt  joint  in  which  the  membets  intersect  at  an  angle. 

The  dfsign  of  this  joint  consists  in  providing  the  proper  area  between  the  abutting  surfana 
and  the  provision  of  proper  bearing  under  the  washer  on  the  vertical  member  d-g.  R^ 
fastenings  are  to  be  provided  in  order  to  hold  the  members  in  line. 

Fig.  167  shows  a  detail  of  the  apex  joint  in  which  the  top  chord  members  from  the  two  ndo 
of  the  truss  butt  against  each  other  on  a  vertical  line  and  against  a  plate  washer  on  the  end  d 
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member  d-^,  the  vertical  rod.  The  maximum  stress  in  member  e-d  is  17,820  lb.,  as  given  in 
Table  1.  This  stress  is  due  to  the  vertical  loading  of  40  lb.  per  sq.  ft.  of  covered  area,  for  which 
the  panel  load  is  5320  lb.  The  stresses  in  all  members,  and  the  panel  load,  are  shown  in  position. 
The  details  of  the  joint  depend  on  the  method  of  supporting  the  purlin  at  this  point.  If 
the  purlin  is  set  on  the  top  of  the  washer,  the  bearing  area  on  the  under  side  of  the  washer 
must  be  determined  for  the  vertical  components  of  the  stresses  in  the  chord  members.  From 
the  force  diagram,  the  load  to  be  carried  is  2  X  7980  «  15,960  lb.  If  a  detail  of  the  form 
shown  in  Fig.  178  (b)  is  adopted,  where  the  purlin  load  is  distributed  equally  to  the  two  chord 
members,  the  load  to  be  pro\dded  for  on  the  under  side  of  washer  is  15,960  —  5320  »  10,6401b., 
which  is  equal  to  the  stress  in  the  vertical  rod.  The  latter  detail  will  be  adopted  in  this  case, 
as  shown  on  the  general  drawing,  Fig.  179. 

From  the  formula  of  Art.  142.  the  allowable  bearing  on  the  under  ride  of  the  washer  is  880  +  0.1816  (26.5)* 
—  460  lb.  per  sq.  in.,  and  that  on  the  vertical  bearing  eurfaoe  is  330  +  0.1816  (63.5)s  -  1060  lb.  per  eq.  in.  The 
area  required  on  the  under  ride  of  the  washer  is  then  10.640/460  -•  23.1  sq.  in.,  and  on  the  vertical  bearing  surface 
the  area  required  is  15.960/1060  ■-  15.1  sq.  in  Assuming  the  plate  washer  to  cover  the  full  width  of  the  chord 
member,  the  length  required  is  23.]/5.6>-  4.2  in.  To  allow  for  the  area  taken  out  for  the  vertical  rod,  a  5H-in. 
square  steel  plate  will  be  used,  as  shown  in  Fig.  167  (a).  If  the  horisontial  bearing  area  for  each  chord  member 
is  made  2M  in.,  a  layout  of  the  joint  will  show  that  the  vertical  bearing  surface  is  about  4^  in.  The  area  pro- 
vided on  the  vertical  bearing  surface  is  then  4.76  X  6.6  -•  26.13  sq.  in.,  which  is  more  than  required. 

The  thickness  of  the  plate  washer  will  be  determined  on  the  assumption  that  it  forms  a  double  cantilever  beam. 
Fig.  {h)  shows  the  assumed  distribution  of  loading,  which  is  approximate  but  accurate  enough  under  the  con- 
ditions. The  moment  to  be  carried  on  section  x-x  is  5320  X  1,375  «  7,315  in.-Ib.  For  an  assumed  working  stress 
of  16,000  lb.  per  sq.  in.,  the  thickness  required  is  d  -  (6Af/6/)''^  -  (6 X  7315/4X16.000)^4- 0.83  in.  A  ^-in.  plate 
will  be  used.  As  shown  in  Fig.  (6).  a  IH-in*  hole  is  provided  in  the  washer  for  the  vertical  member,  which  leaves 
a  net  width.on  section  x-x  of  b  *  '55  —  1.5  ■■  4.0  in. 


f^Bofh,^ 
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To  hold  the  chord  members  in  place,  short  pieces  of  2  X  6-in.  plank  are  fastened  to  the  faces  of  the  chord 
members  by  means  of  f^-in.  bolts.     These  pieces  do  not  carry  any  definite  stress. 

Fig.  168  shows  two  forms  of  cast-iron  block  details  for  the  joint  at  point  d  In  the  design  of  Fig.  (a),  the  bearing 
surfaces  required  are  determined  by  the  same  methods  as  used  in  ihe  design  of  Fig.  167.  The  required  thickness  of 
metal  can  be  determined  by  considering  the  upper  surface  to  be  a  fixed  ended  beam  supported  by  the  side  surfaces. 
The  details  shown  in  Fig.  168  are  more  expensive  than  the  one  shown  in  Fig.  167.  It  is  doubtful  if  the  added  ex- 
pense is  worth  while,  for  the  detail  of  Fig.  167  is  simple,  efiPective,  and  inexpenrive. 

Design  of  Joint  a, — The  design  of  the  joint  at  a,  the  heel  of  the  ^russ,  requires  careful  con- 
sideration. At  this  point  the  stresses  to  be  provided  for  are  greater  than  at  aiiy  other  point  in 
the  truss.  In  general  the  members  meet  at  an  acute  angle,  which  adds  to  the  difficulties 
encountered  in  the  design.  Designs  will  be  woiiced  out  in  detail  for  a  joint  formed  by  notching 
one  member  into  the  other;  for  one  formed  by  a  bent  strap  with  lugs;  for  a  joint  consisting  of 
steel  side  plates;  and  for  a  cast-iron  shoe. 

Fig.  169  shows  an  arrangement  for  a  joint  at  point  a  formed  by  notching  the  top  chord 
member  into  the  lower  chord  member.     The  notch  is  so  arranged  that  the  surfaces  1-2  and  ^-4 


616  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  3-UI 

provide  equal  areas.    The  connection  formed  between  the  memben  is  central  and  no  eccentiie 
moments  are  to  be  provided  for. 

It  can  be  seen  from  Fig.  169  that  the  bearing  value  at  the  notches  is  governed  by  the  allov- 
able  values  for  the  horizontal  member.  From  the  formula  of  Art.  142,  the  allowable  beariqf^ 
is  330  +  0.1815  (63.5)'  »  1060  lb.  per  sq.  in.  Hence  the  total  area  to  be  provided  on  suifacts 
1-2  and  3-4  is  29,800/1060  -  28.1  sq.  in.  If  the  notches  are  made  1%  in.  deep,  as  shown  ii 
Fig.  169,  the  width  of  bearing  required  is  K  X  28.1/1.875  -  7.5  in.  From  Table  2,  thestresBifi 
member  a—h  calls  for  a  6  X  6-in.  piece,  of  which  the  actual  width  is  5H  iu.  Since  it  is  not 
advisable,  and  in  fact  impossible  in  this  case  to  make  the  notches  deeper  because  of  the  ndm- 
tion  in  the  available  net  area  of  the  lower  chord  section,  the  members  must  be  made  wider  I 
this  form  of  joint  is  to  be  used.  The  calculations  above  show  that  a  6  X  8-in.  member,  actiul 
width  7}i  in.,  must  be  used  for  both  the  top  and  bottom  chord  members.  This  change  will  be 
made  and  the  other  details  of  the  design  will  be  worked  out. 

The  net  area  of  the  lower  chord  member  must  now  be  checked  up.  As  shown  in  Fig.  169, 
the  weakest  section  is  on  a  vertical  section  through  point  4,  where  the  net  area  provided  ii 
7.5  X  3  «  22.5  sq.  in.  From  Table  2,  the  net  area  required  for  member  are  is  16.2  sq.  in.  The 
area  furnished  is  therefore  ample,  provided  no  further  cutting  is  required. 

The  loads  brought  to  the  surfaces  1-2  and  3-4  must  be  resisted  by  the  shearing  remstanee 
offered  by  the  surfaces  2-6  and  4-7.  The  shearing  resistance  developed  must  be  equal  to  the 
horizontal  component  of  the  stress  in  the  top  chord  member,  which  is  26,670  lb.,  as  shown  by  the 
force  diagram.  Assuming  that  surface  2-6  carries  one  half  of  this  load,  the  length  required 
on  surface  2-6  iB  H  X  26,670/240  X  7.5  «  7.4.,  when  the  shearing  working  stress  is  240  lb. 
per  sq.  in.,  as  given  in  Art.  142.  Surface  4-7  is  below  surface  2-6  so  that  it  can  be  counted  upon 
to  act  as  shear  resisting  area.  To  provide  some  excess  area  due  to  possible  defects  in  the  ma- 
terial, the  bottom  chord  member  will  be  extended  12  in.  beyond  the  intersection  of  center 
lines,  as  shown  in  Fig.  169.  A  layout  of  the  joint  will  show  that  the  lower  chord  member  inll 
not  project  outside  the  roof  line  if  the  purlin  is  placed  with  its  lower  surface  on  the  same  level 
as  the  under  side  of  the  top  chord  member. 

The  top  chord  member  will  be  held  in  place  on  the  lower  chord  member  by  means  of  bolts 
passing  through  the  members,  as  shown  in  Fig.  169.  These  bolts  do  not  carry  any  definite 
stress,  as  they  serve  only  to  hold  the  parts  together.  Two  ^-in.  bolts  will  be  used,  located  as 
shown  in  Fig.  169.  In  order  to  avoid  further  cutting  of  the  lower  chord  member  to  provide  seati 
for  the  washers  at  the  lower  ends  of  the  ^-in.  bolts,  a  6  X  8-in.  timber,  known  as  a  corbel,  will 
be  bolted  to  the  under  side  of  the  chord  member,  as  shown  in  Fig.  169. 

Although  the  ^-in.  bolts  do  not  carry  any  definite  stress,  it  is  usual  to  assume  that  the 
probable  maximum  stress  in  the  bolt  is  equal  to  its  full  net  strength  in  tension.  Washer  detaih 
and  bearing  areas  are  then  determined  for  this  load.  As  the  area  at  the  root  of  thread  for  a 
^-in.  bolt  is  0.302  sq.  in.,  the  probable  maximum  bolt  stress  is  16,000  X  0.302  »  4830  Ih.  For 
the  conditions  shown  in  Fig.  169,  the  allowable  bearing  value  under  the  washers  is  governed 
by  the  conditions  under  the  corbel.  From  the  formula  of  Art.  142,  the  allowable  bearing  value 
is  330  +  0.1815  (26.5)*  »  460  lb.  per  sq.  in.  As  stated  in  Art.  142,  this  may  be  increased  for 
washers  which  cover  only  a  part  of  the  area  of  the  bearing  surface.  The  bearing  area  required 
is  then  4830/460  X  1.25  »  8.4  sq.  in.  From  the  table  of  Standard  Cast  Washers  given  od 
p.  216,  it  will  be  found  that  the  standard  washer  for  a  ^-in.  bolt  provides  a  bearing  area  of 
about  7.9  sq.  in.  Under  the  conditions,  a  standard  washer  will  be  used,  although  the  area 
provided  is  somewhat  deficient.  If  the  discrepancy  in  area  is  greater  than  for  the  case  under 
consideration,  it  will  be  best  to  design  a  special  steel  plate  washer  similar  to  those  used  at  joints 
d,  /,  and  g. 

Since  the  probable  bolt  stresses  are  inclined  to  the  axis  of  the  corbel,  keys  or  wedges  must 
be  inserted  between  the  lower  chord  member  and  the  corbel  to  prevent  any  movement  of  the 
parts.  If  three  wooden  keys  are  provided,  as  shown  in  Fig.  169,  each  key  must  take  one-thiid 
of  the  horizontal  component  of  the  total  stress  in  the  bolts.  From  a  force  diagram,  the  hori- 
zontal component  of  the  stress  in  the  bolts  is  found  to  be  2  X  2,1.60  »  4320  lb.  In  addition 
to  this  load,  the  keys  must  also  provide  for  the  horizontal  component  of  the  reaction  due  to 
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wind.  From  the  coefficients  for  wind  load  reactions  given  in  the  chapter  on  Roof  Tmeses 
— Stress  Data,  the  maximum  horizontal  force  to  be  provided  for  is  2.06  X  2,220  X  ein  26* 
34'  =  2050  lb.      The  total  to  be  carried  by  the  keys  is  then  4320  +  2050  =  6550  lb. 

A  2  X  4-in.  key,  actual  size  l^i  X  3H  iu-,  will  be  assumed.  Fig.  (b)  shows  the  condi- 
tions for  which  the  key  is  to  be  designed.  The  area  required  for  bearing  against  the  side  fibers 
of  each  key  is  ^  X  6550/412.S  —  5.28  sq.  in.,  assuming  a  working  streBS  aa  for  bearing  under 
washere.  The  area  provided  by  the  assumed  key  is  3^  X  1.625  X  7.5  —  6.08  sq.  in.,  which  is 
BufGcient.  The  length  of  the  key  is  determined  by  the  area  required  to  develop  a  shearing 
resistance  equal  to  one-third  of  the  total  horiiontal  force  to  be  carried,  which  is  J-^  X  6550  = 
21S3  lb.  As  given  in  Aril.  142,  the  allowable  shearing  stress  transverse  to  the  gnun  is  150  lb. 
per  flq.  in.  The  area  required  for  each  key  is  then  2183/150  -  14.5  sq.  in.  As  shown  in  Fig. 
(6)  the  area  provided  by  a  key  on  the  surface  1-2  is  3.625  X  7.6  ■■  26.6  sq.  in.  The  assumed 
key  is  satisfactory.  To  prevent  the  key  from  twisting,  due  to  the  eccentric  application  of  the 
forces,  a  ^-in.  bolt  will  be  placed  close  to  each  key,  as  shown  in  Fig.  (a). 

The  bearing  area  provided  between  the  masonry  wall  and  the  corbel  is  determined  by  the 
allowable  bearing  on  the  masonry,  which  is  given  in  Art.  142  as  300  lb.  per  sq.  in.  From  Art. 
144  it  will  be  found  that  the  reactions  at  the  wall  are  as  follows;  dead  load,  6600  lb.;  snow  load, 
8040  lb.;  wind  load,  vertical  component  4100  lb.,  horizontal  component  2060  lb.  The  resulting 
reactions  are  then;  (a)  dead  load,  minimum  snow  load,  and  maximum  wind  load,  vertical  com- 
ponent 14,070  lb.,  horizontal  component  2060  lb. ;  (6)  dead  load,  maidmum  snow  load,  and  mini- 
mum wind  load,  veriiical  component  14,810  lb.,  horizontal  component  700  lb.;  and  (c)  reaction 
due  to  a  vertictj  load  of  40  lb.  per  sq.  ft.  of  covered  area,  15,960  lb.  Case  (c)  therefore  deter- 
mines the  required  bearing  area,  which  is  15,960/300  —  63.3  sq.  in.  If  a  12-in.  wall  ia  assumed, 
the  arrai^^ement  shown  in  F^.  109  provides  a  bearing  area  of  12  X  7.6  —  90  sq.  in.,  which  is 
greater  than  required.  To  prevent  horizontal  movement  on  the  wall,  the  corbel  will  be  notched 
over  the  wall,  as  shown  in  Fig.  169.     The  area  required  in  bearing  against  the  wall  is  2060/300 

—  6.83  aq.  in.     A  1-in.  notch  will  provide  7.6  sq.  in. 

Fit.  170  ■howl  ■  daicn  nude  up  tor  ■  bent  atrup  with  ■  hinokhedinto  thelowodioid.  It  wfll  ba  uaumed 
thktalt  oftheitTtnin  tii«  top  chord  msmbct  im  tmufemd  totheloww  nhord  raembec  bj  mevuotthe  bastilnp. 
The  bolu  HTve  only  to  hold  the  pvta  tfl«eUieT. 

Thtbaorini  ueu  on  aurfHca  1-3  uid  3-3  miutbe  luvaenoach  t«  provide  for  the  componeD  18  of  force*  )h  awn 
in  the  foree  dlMTsm.  From  the  formula  of  Art.  142,  the  tUawable  beuiM  value  on  the  lurface  1-2  ii  lOGO  lb.  per 
•q.  in.,  and  that  on  (urtaw  3-3  ia  4B0  lb.  per  sq.  in. 
Since  the  Gben  at  the  end  of  the  top  diord  member  aie 
eanfined  by  the  bent  itrap,  which  tendi  to  increaH  the 
allowabJe  bvariiv  vhIub.  it  aeeme  reaiwiiable  to  allow  an 
increaH  of  3G  %  In  the  workioc  value  given  above.  The 
beorinc  areoa  required  are:  lurface  1-2,  39,700/1060  X 
1.2S  -  30.1  aq.  in.;  and  lurface  2-3,  13,333/160  X  1.2S 

—  33,3  aq.  in.     Sinee  the  under  aide  of  the  bent  (trap  i 
bsara  direotir  on  the  aide  6ben  of  the  lower  ohord  mem- 
ber, the  allDwabla  b«uin(  ia  330  lb.  per  tq.  in.     If  Ihla 
be  increased  3fi%.  ■■  aaaumed  above,  the  area  re<)uired 
ia  ]3,33S/330  X  1.2G  -  33.4  aq.  in. 

line  1-3  of  Fi(.  170.  It  will  be  fuund  necaaary  to  incruv 

the  width  of  the  ohord   membeia  to  8  in.,  ai  in  the  ^>0"^  <> 

ease  of  the  deaiiD   of  Fijc.  Ifle.     A  notah  2H  la.  deep  Do.  170. 

will  provide  an  area  of  2.76  X  7.fi  —  20.B  aq.  in.,  which 

alifhtly  eiceeda  the  required  area.     On  surface  2-3.  ftn  area  of  6.73  X   7.S  -  60.0  aq.  in.  ia  provided,  which 

eiceeda  the  area  required. 

The  strap  muat  be  aet  Into  the  ehwd  member  to  a  depth  which  will  provide  for  the  horiiontal  eomponent  of 
36,670  lb.  in  bearing  on  the  end  Gben  of  the  material.  Aaaumlns  that  one-half  of  the  load  is  taken  at  the  front  end 
of  the  strap  detail,  and  that  the  other  halt  ia  taken  by  a  his  at  the  rear  end.  the  depth  of  notch  required  Bt  each 
place  ia  26,670/2  X  ISOO  X  7.£  -  O.BSS  In.     A  1-in.  notch  trill  be  used,  as  shown  in  Fi(.  170. 

The  thickn«s  of  the  strap  ia  determbied  hy  the  oondltions  at  the  lus  on  the  rear  end.     Conaiderina  the  hi«  to 

aasumins  that  the  thickness  of  the  strap  is  H  in.,  the  beodinf  moment  to  be  carried  by  the  strap  la  M  X  13,333 
(1.0  +  O.Tfi)  -  11,700  in.-Ib.  Thia  moment  oceura  on  a  vertical  section  at  the  point  where  the  lua  joins  the  hori- 
■ontal  portion  of  the  atrap.     Aaauming  that  the  strap  ia  made  of  ateel  for  which  the  allowable  workiui  itresa  is 
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To  hold  tha  atnip  in  plac*  on  the  end  ol  the  top  chord  meinber.  t 
nt«.  will  be  ii»d.  Th»e  bolta  do  not  arry  sny  defioitA  >tn«,  bu 
'eelivi,  miut  have  nil  of  iU  pvli  held  Kc^urely  in  poaiUao.  Bolts  o 
r  tnu»  of  the  »»  uodet  mmiideritUoii. 

Theetnp  will  beheld  in  plAeean  the  lower  chord  member,  portly  b 

r«g  in  thcoe  bolla  an  sot  be  made.     By  uaumiDi  that  the  moment  < 
the  wedce  block  i>  equal  to  the  moment  on  the  lu(  eonaidered  ai 


'7.5  X  10,000)'*  -0.765  in.      A  Ji-in  itn* 

t  requiied  ii  13.33S/10.OOO  —  O.SSSeq.a. 

■o  'H-iii.  bolta.  pUeed  about  4  in.  rain  m 

the  8i«  adopted  will  be  found  to  be  usfi 

means  of  abloek  keyed  in  plnce,  and  parti) 
n  Fig,  170,  An  exact  detorounktian  of  Ik 
the  *tre«  in  the  bolt  taken  iibout  the  i4* 


the  bolt  el 

the  I 


w 


--P 


culated  above.  By  acate  from  Fis.  170  tli 
lever  arm  of  the  bolt  elm  about  the  edse  of  ik 
wedae  block  ii  1  in.  The  strew  in  the  boki 
then  about  11,700  lb.  At  IS.QOO  lb.  per  k\  a. 
•n  area  of  11,700/16,000  -  0.73  bq.  in.  ■  ». 
quired.     Two  K-in.  bolta  will  furniah  the  requinj 

The  lencth  required  on  the  aurfaA  *■*  tt 
reaiit  In  ahear  the  load  brauaht  to  aurfaee  t-i, 
and  all  deUils  at  the  corbel  and  keya.  are  raJtt- 
lated  by  the  methods  (iven  lor  the  dnicn  o(  Pa 
169.  All  detaili  ol  the  adopted  d«icn  are  ahowi 
in  flf.  170. 

Fis.  171  ahovB  a  detail  /or  joint  a  made  ap 
o(  structural  ateel  plate*  and  ahapea.  la  lla 
deaifu  the  stresses  iu  the  top  and  bottom  Aati 
membeia  are  transferred  to  ateel  aide  plates  br 
Dieana  of  luts  riveted  to  the  platca.     The  load  ■ 


Pia.  171. 


inc  ptesmre  on  the  end  Bbere  of  the  nuterial  1*  1800 : 
depth  at  notch  required  is  71SO/I800X  fi.f  -  0.753  in.  A  H-in.  lug  i 
rovide  notches  on  the  chord  membeia  is  small,  the  9  X  S-in.  section  c 
The  lu«B  will  be  taetened  to  the  aide  plates  by  riveta  ^J-in.  In  diametera 
le  chapter  on  Bplices  and  Connections — Sleel  Members,  the  value  of 
ce.  7450/4420  -  3  rivets  are  required  in  each  lug.  as  shown  in  Fig.  (i 


transf 

rred 

rom  the  aide  pbtes  to  th 

a  masoBT 

walls  by  a 

hoe  composed  of  anglee  n 

veted  toi 

short 

lri.ee 

of  rolled  channel      A  de 

tail  oltta 

hown 

In  Fig.  171  IB  eepeeially 

lueful  hr 

inw 

ich  the  diaUnce  from  the  i 

point 

ol  the 

a  limited,  as,  for  example 

in  wh 

ch  the  wall,  are  built  up 

chord 

of  the  trusses.     A  long  overhaago* 

tailo 

the  (orn,  shown  in  Figa. 

eould 

notb 

usedinauchcaaea.rorthe 

endofttir 

would 

project  through  the  walls. 

pm  in  Fig.  171    (o).  the  a 

topcl 

oHm 

ember  is  tranalerred  to  the 

side  Plata 

bym 

four  luca.     The  load  on 

e«fa  iugi. 

then 

M.800/4    -  7450  lb.      Since  th 

allowabk 

ran,  m 

.and 

ince  the  chord  member  is 

-5in.wHte. 

The  distance  between  I 


leZXin 


leloadtfl 


■0  lb.,  I 
As  the  t 


lined  by  the  shearing 


rea  reqiiired  to  resiil 
e  shear  is  240  lb  prr 

5>jin.deep,  thedir 
.neven  bearing  on  llrt 


m  the  lugs  must  be  31.0/5.5  -  £.04  in.  To  allow  fori 
a  distance  between  lugs  wilt  be  made  7K  in.,  as  shown  in  I 
,  the  shear  area  must  be  provided  to  the  right  of  the  lug.  or  toward  the  apei  of  (he  truss.  For  the  km 
ler,  which  b  Id  tenaion.  the  shear  area  must  be  proTided  to  the  left  of  the  lug— that  ia.  between  the  ead 
and  the  lug.  The  arraogement  of  luga  ihown  on  Fig.  (a)  for  the  lower  chord  member  provides  dvt 
le  luga  than  ie  required  to  carry  the  loada.     The  luga  are  placed  sa  ahowa  in  order  to  bind  ilit 


I  chord  n 


mber. 


liekneae  ol  the  side  plates  is  deti 
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applied  loads.  From  Fig.  171  (a),  the  maximum  unsupported  length  of  plate  at  the  top  chord  member  is  about  8  in. 
If  1/t  is  limited  to  126,  the  minimum  allowable  r  -  8/125  -  0.064  in.  For  a  rectangle  r  »  0.289  d.  Therefore. 
d  »  0.064/0.289  -■  0.22  in.  Since  it  will  be  necessary  to  countersink  some  of  the  rivets  in  the  rear  face  of  the  plate, 
in  order  to  secure  a  smooth  face,  a  plate  at  least  ^  in.  thick  must  be  used*  as  shown  by  the  dimensions  of  counter- 
sunk rivet  heads  given  in  the  chapter  on  Splices  and  Connections'— Steel  Members. 

Fig.  171  (b)  shows  the  forces  acting  on  one  of  the  side  plates  at  a  section  where  the  depth  of  plate  is  10  in. 
The  fcMTcee  shown  on  section  »-x  represent  the  internal  stresses.  These  forces  are  a  shear  of  7980  lb.,  a  thrust  of 
6670  lb.,  and  a  bending  moment  about  the  center  of  gravity  of  the  section  of  14,000  X  1.7  +  6670  X  2.2  -  60,000 
in.-Ib.  The  extreme  fiber  stress,  which  is  compressive,  occurs  at  the  upper  edge  of  the  plate.  The  fiber  stress  is  to 
be  calculated  from  the  formula  given  in  Art  100  for  bending  and  direct  stress,  from  which  /  ->  P/A  +  Mc/I  -> 
6670/10  X  0.376  +  6  X  60,000/0.376  X  10«  -  1780  +  8000  -  9780  lb.  per  sq.  in.  The  effect  of  shear  can  be 
neglected,  as  in  the  case  of  ordinary  beam  design.  Other  sections  were  investigated,  but  fiber  stress  at  section  x-x 
was  found  to  be  a  w*it»<iwiim  Since  the  fiber  stress  found  above  is  well  within  allowable  limits,  the  H~>a.  plate  will 
be  adopted. 

The  side  plates  are  held  in  place  against  the  chord 
members  by  means  of  bolts  plaoed  as  shown  in  Fig.  (a). 
Fig.  (c)  shows  the  forces  acting  on  one  of  the  lugs  at  the  com- 
prearion  chord.  These  forces  tend  to  cause  a  clockwise  rota- 
tion of  the  lug.  This  rotation  is  resisted  by  bending  in  the 
side  plates,  by  tension  in  bolt  1,  and  by  compression  on  the 
side  fibers  of  the  timber  at  bolt  2.  Neglecting  the  effect  of 
the  bending  of  the  side  plate,  and  assuming  that  the  com- 
pression is  concentrated  at  the  bolt,  the  resisting  forces  are 
found  to  be  7460  X  0.626/3.5  -  1330  lb.  Fig.  (c)  shows  the 
conditions  on  which  this  equation  is  based.  To  carry  this 
stress,  H-in.  bolts  will  be  used,  arranged  as  shown  in  Fig.  (a). 
At  bolt  2  the  side  plate  presses  against  the  chord  member 
with  a  force  of  1330  lb.  If  the  allowable  bearing  on  the  side 
of  the  chord  member  be  assumed  to  be  the  same  as  for 
washers,  the  width  of  bearing  required  is  1330/412.6  X  5.6 
•-  0.6  in.  As  the  side  plate  extends  IM  in.  beyond  the  lug, 
proper  provision  has  been  made  for  the  compression  at  this 
place.  The  lugs  on  the  lower  chord  member  are  subjected 
to  similar  conditions.     Fig.  (a)  shows  the  adopted  arrange-  Fia.  172. 

ment  of  lugs  and  bolts. 

The  details  of  the  shoe  are  as  shown  in  Fig.  (a).  Short  pieces  of  3M  X  3>i  X  H-in.  angle  are  riveted  to  the 
side  plates.  As  the  maximum  vertical  reaction  is  15,960  lb.,  and  the  rivets  are  in  single  shear,  15,960/4420  -4 
rivets  are  required.  In  Fig.  (a)  six  rivets  are  shown  in  place.  The  sole  plate  is  formed  by  an  8-in.  11.25-Ib.  chan- 
nel. The  flanges  of  the  channel  are  placed  downward  and  provide  resistance  against  horisontal  motion,  taking 
the  place  of  the  notch  used  in  the  design  of  Fig.  169. 

A  modified  form  of  the  joint  of  Fig.  171  is  shown  in  Fig.  172.  In  this  design  the  side  plates  do  not  extend  far 
enough  along  the  lower  chord  member  to  include  the  shoe,  which  is  fastened  directly  to  the  chord  member.  The 
stresses  in  the  chord  members  are  transferred  to  the  side  plates  from  which  the  combined  loads  are  transferred  back 
to  the  lower  chord  member  and  thence  to  the  wall  through  the  shoe.  This  arrangement  causes  a  bending  moment  at 
the  end  of  the  lower  chord  member,  and  also  causes  vertical  forces  to  be  sent  up  which  must  be  resisted  by  the  bolts 
at  A  and  B  of  Fig.  172  (a).  From  Fig.  (a),  the  moment  in  the  chord  members  is  (16,960—2660)  7.25  ^  96,500  in.-lb. 
Fig.  (b)  shows  the  side  plates  removed  with  all  forces  in  position.  To  hold  the  plate  in  equilibrium  under  the 
action  of  the  stresses  in  the  chord  members,  forces  P  and  Q  must  act  as  shown.  These  forces  can  be  determined 
subject  to  the  conditions  that  moments  about  any  point  outside  of  the  plate  must  be  sero,  and  that  P-Q  is  equal  to 
the  vertical  component  of  the  top  chord  stress.     Fig.  (b)  shows  the  resulting  values. 

The  design  of  this  form  of  joint  will  not  be  carried  beyond  this  point.  Design  method  for  the  determination 
of  the  sises  of  bolts  required  at  A  and  B  are  given  in  the  chapter  on  Splices  and  Connections — Wooden  Members. 
The  fiber  stresses  in  the  chord  member  can  be  determined  by  the  methods  given  for  the  design  of  wooden  beams. 

The  arrangement  of  Fig.  171  is  decidedly  better  than  the  one  of  Fig.  172;  the  former  detail  is  therefore  recom- 
mended, as  the  latter  detail  leads  to  very  heavy  bending  and  bolt  stresses  in  the  case  of  large  structures. 

Fig.  173  shows  a  design  for  joint  a  in  which  a  cast  shoe  is  used.  The  horisontal  component  of  the  top  chord 
stress,  which  is  26,670  lb.,  is  transferred  to  the  bottom  chord  member  by  means  of  lugs  set  into  the  lower  chord. 
The  vertical  component  of  the  top  chord  stress  is  transferred  to  the  lower  chord  member  in  bearing  on  its  upper 
fibers.  It  is  the  usual  practice  in  the  design  of  a  shoe  of  the  form  shown  in  Fig.  173  to  assume  that  the  bearing  on 
surface  2~4  is  uniformly  distributed  over  the  area  of  contact  between  the  shoe  and  the  chord  member.  This  as- 
sumption holds  true  only  when  ZF,  the  vertical  component  of  the  top  chord  stress,  is  applied  at  the  center  of  the 
bearing  area  on  the  chord  memb^.  In  the  case  under  consideration,  which  is  shown  in  Fig.  173,  XF  intersects  the 
surface  2-4  at  a  point  2.8  in.  from  its  center.  The  maximum  bearing  pressure  therefore  occurs  at  point  2.  At 
other  points  the  bearing  pressures  are  smaller  than  at  2,  while  at  point  4  the  direction  of  pressure  is  upward.  This 
upward  pressure  must  be  resisted  by  a  bolt,  for  upward  pressures  in  such  details  can  not  be  resisted  directly  by  the 
surface  2-4.  The  principles  of  design  are  similar  to  those  outlined  for  the  design  of  the  colunm  footings  given  in 
the  chapter  on  the  Detailed  Design  of  a  Roof  Truss  with  Koe«-braoea. 
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As  thown  in  Fig.  173,  the  top  chord  member  bears  directly  on  a  flat  base  1  in.  thick  which  is  supported  bytn 
webs,  one  on  each  side  of  the  casting.  This  base  can  be  designed  as  a  beam  lized  at  the  ends  bjr  tbe  side  «^ 
plates.  The  adopted  thiolcnees  of  base  is  somewhat  greater  than  required  by  the  stresses.  It  was  made  IH  ii. 
thiclc  in  order  to  secure  a  rigid  connection  at  this  point.  The  top  chord  member  is  held  in  place  on  tbe  sbse  fef 
two  side  plates,  and  by  means  of  a  short  lug  set  into  the  end  of  tne  member.  In  this  design  the  6  X  6-in.  pins 
called  for  in  the  deeign  given  in  Table  2  can  be  used*  as  the  bearing  area  on  the  end  of  the  chord  member  aai  tk 
net  area  required  for  the  lower  chord  member  are  furnished  by  the  arrangement  shown. 

The  yertical  lug  on  the  rear  end  of  the  shoe  is  made  twice  as  deep  as  the  one  at  the  front  end,  as  shows  ii 
Fig.  173.  This  is  done  in  order  to  reduce^  the  required  shear  resisting  area  in  front  of  the  shoe.  Asauming  that  ttc 
rear  lug  takes  H  of  the  horisontal  force  and  that  the  front  lug  takes  the  balance,  the  load  at  the  front  lug  is  H  > 
26.670  -  8890,  and  the  load  at  the  rear  lug  is  17.780  lb.  Since  the  allowable  bearing  on  the  end  fibers  of  the  naa- 
rial  is  1800  lb.  per  sq.  in.,  and  the  chord  member  is  5H  in.  wide,  the  depth  required  for  the  front  lufc  is  8800/m 

X  5.6  ->  0.808  in.,  and  for  the  rear  lug.  a  depth  of  I7.780/im 
X  5.6  ■-  1.80  in.  is  required.  The  front  lug  will  be  made  1  a. 
deep,  and  the  rear  lug  will  be  made  2  in.  deep*  as  shova  a 
Fig.  173  (a). 

The  position  of  ZK,  the  votical  component  of  the  top  chad 

stress,  can  be  determined  as  soon  as  the  depth   of  the  laip  s 

fixed.     As  shown  in  Fig.  (a),  "LH  and  ZV  intersect  on  the  ente 

^     ,.  I  line   of  the  top   chord  member.     To  locate  the  line  of  actka 

^3 — 14 1  of    Ztf,  take   moments  about  surface  2-4,   from    which  x  ■ 

8.800  X0  6+  17.780  X  1        « «„  ,  „     .  .  ,    ^ 
a  3QQ  I    ly  yoQ "  0.833  in.      Havmg  siTen   the  bt 

of  action  of  Z^.  the  position  of  ZV  can  be  determined  by  t 
layout  of  the  joint,  from  which  it  will  be  found  that  'ZV  lies  IS 
in.  from  the  intersection  of  the  center  lines,  as  shown  in  Fig.  («^ 
The  distance  from  the  front  lug  to  the  end  of  the  ehovd 
member  is  determined  by  the  length  required  to  develop  a 
shearing  resistance  of  8800  lb.  For  a  working  shear  strvse  xk 
240  lb.  per  sq.  in.,  the  distance  required  is  8800/5.5  X  240  - 
6.74  in.  The  length  provided  furnishes  some  ezoess  area.  SiB<e 
the  shearing  area  required  for  the  rear  lug  is  twice  as  great  m 
that  for  the  front  lug.  the  adopte4  dimensions  provide  ezroi 
area.  As  the  shear  area  for  the  rear  lug  is  below  that  for  tte 
front  lug,  the  entire  distance  from  the  rear  lug  to  the  end  of  the 
chord  member  can  be  counted  on  as  shear  area  if  necessary. 

The  thickness  of  the  lugs  is  determined  by  their  strcaitk 

as  simple  cantilever  beans.     It  will  be  found  best  to  make  the 

casting  either  of  cast  steel,  or  of  malleable  cast  iron.     For  these 

materials  the  fiber  stress  in  bending  can  be  taken  aa  7500  Ix. 

per  sq.  in.     If  ordinary  cast  iron  is  used,  for  which  the  allowabb 

bending  stress  is  about  3000  lb.  per  sq.  in.,  very  wide  lugs  would 

be  required,   resulting   in    a   heavy,  awkward   casting.      Tkt 

stronger  material  will  therefore  be  used. 

At  the  rear  lug,  the  moment  to  be  carried  on  the  surface  4-6  is  17,780  X  1  *  17,780  in.-Ib.     The  thifknrsi 

required,  using  a  working  stress  of  7500  lb.  per  sq.  in.,  is  ifiM/hf)^  -  (6  X  17,780/5.5  X  7500)Vi  -  1.61  in.    A 

1^-in.  lug  will  be  used.     For  the  front  lug,  the  moment  to  be  carried  is  8800  X  0.5  ■-  4445  in.-lb.,  and  the  thkk- 

ness  of  lug  required  is  (6  X  4445/5.5  X  7.5)^  -  0.805  in.     A  H-in-  lug  will  be  used. 

Figs.  173  (b)  and  (e)  show  sections  of  the  body  of  the  shoe.  As  shown  by  these  sections,  the  body  of  the  ahoe 
is  formed  by  a  1-in.  bearing  plate  which  rests  directly  on  the  lower  chord  member.  This  base  plate  is  strmgthcned 
by  side  web  plates.  The  height  of  these  side  web  plates  is  varied  to  suit  the  stress  conditions  for  which  proviaos 
must  be  made. 

Fig.  (6)  shows  the  conditions  which  determine  the  sise  of  the  body  of  the  shoe  on  section  2-3,  dose  to  the  frasi 
lug.  The  thickness  of  the  bed  plate  can  be  determined  by  assuming  that  it  acts  as  a  simple  beam  supported  by  the 
side  webs.  Neglecting  the  supporting  effect  of  the  lug,  and  assuming  that  the  load  to  be  carried  is  equal  to  the 
maximum  allowable  bearing  value  of  the  timber,  which  is  330  lb.  per  sq.  in.,  and  that  the  span  of  the  bed  plate  ii 
the  distance  between  the  centers  of  the  vertical  web  plates,  ^e  have  for  a  1-in.  strip,  a  moment  of  M  -■  H«P 

-  H  >C  330  X  4.5>  *  835  in.-lb.     For  a  fiber  stress  of  7500  lb.  per  sq.  in.,  as  assumed  above,  the  required  thick- 
ness of  bsse  plate  is  d  -  (6ilf/6/)H  «  (6  X  835/7500  X  1)^  -  0.818  in.     A  1-in.  base  plate  will  be  used. 

The  depth  of  the  side  webs  must  be  great  enough  to  provide  for  the  stresses  due  to  the  loading  conditioef 
shown  in  Fig.  (b).  From  this  sketch  it  can  be  seen  that  section  2-3  is  subjected  to  a  thrust  of  8800  lb.,  and  a  ibs> 
ment  of  8800  (0.85  +  0.5)  -  12,130  in.-lb*  This  force  and  moment  act  at  the  center  of  gravity  of  the  seetios. 
which  can  be  located  by  the  methods  explained  in  Sect.  1.  As  this  is  a  case  of  combined  stresses,  the  formok 
/  "  PI  A  ±  Me/1  will  be  used.  This  formula  is  derived  and  its  application  explained  in  the  chapter  on  Bendisf 
and  Direct  Stress.  For  the  conditions  shown  in  Fig.  (b),  the  fiber  stress  at  point  2  is  /s  -•  P/A  +  Mc/1  »  8890.^ 
+  12,130  X  0.85/2.00  -  4560  lb.  per  sq.  in.  (comp.)  and  at  point  3  the  fiber  stress  is /i  -  P/A  -  Me /I  >  8860/1 

—  12,130  X  1.40/2.00  -  4600  lb.  per  sq.  in.  (tens.).     Fig.  (e)  shows  a  section  at  4-6,  near  the  rear  lug.     For  tht 


Section  4-6 
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Fia.  173. 


Sec.  8-146)  STRUCTURAL  DATA  521 

foruM  »nd  dimendaDi  iliovn  it  win  ba  loiind,  by  the  wuna  OMthodR  M  mad  [or  wotioo  9-S,  thkt  the  fiber  itiwi  »t 
point  i  ii  6240  lb.  per  eq.  in.  somprenive,  mud  that  at  poiiit  6  i>  BT40  lb.  per  iq.  in.,  teneile.  Aa  >U  of  thae  fiber 
BtnoM  en  within  the  elloweble  value  of  7500  lb.  per  eq.  id.,  the  ■ectioDi  will  be  edopted. 

The  Leagtb  of  the  bearins  eiufaije  between  the  ihoe  and  the  chord  member — thai  ia,  aurfaoe  9-4  of  Ftc,  (a) — 
la  determined  by  out-and-try  methoda.  It  ponible,  the  ahoe  ahould  be  located  ao  that  the  vertkal  compoDeDt  of 
the  top  cihordatma,  ahdWDhy  SFinflt.  (a).  aeUatthe  neater  of  the  bearloa  aurfaoe  3-4.  Whan  thia  can  be  done, 
the  bearina  preaaure  over  the  aurface  3-4  ia  uniform.  In  the  trun  under  oooeidaration,  the  angle  between  the  obord 
meinbera  ia  anuklt  and  a  ahoe  arranged  ao  dcecribed  above  would  not  be  aa  compact  aa  deaired.  It  will  be  neeeaaaiy, 
in  order  to  aecure  a  well  proportioned  ahoe,  to  place  the  eenter  of  the  bearing  auiface  behind  the  lina  of  action  of 
IV.  Thia  will  nault  in  an  unever  diatribulion  of  the  bearing  preaaure  between  the  ahoe  and  the  chord  raembar. 
Aa  there  wiD  probablr  be  upward  preteura  near  point  4,  a  bolt  will  be  provided  to  raelit  the  total  upward  force. 
Tbe  dielance  between  the  top  ahead  aeat  and  the  rear  lug  will  be  made  )uat  aufficient  to  allow  a  H-^-  bolt  to  be 
inaerted.  aa  ahown  in  lU-  ("}■ 

A  length  of  bearing  on  lim  3-4  oIlB  In.  will  be  aaanmed.  The  bearing  atrtaa  on  thia  area  can  be  determined 
by  the  methoib  given  in  Art.  laS.  From  aq.  {S)  of  the  article  mentioned,  with  J>  -  3V  -  13.380  lb.;  fr  -fi.Sia.; 
d  -  IS  in.;  and  <  -  3.8  in.;  we  have  p>  -  P/bd  (1  +  Ot/d)  -  (13,38a/B.fi  X  ia)(l  +  0  X  a.S/lfl}  -  Ifll.S  (I  + 
l.OS)  -  310  lb.  per  aq.  in.  Sinoe  thia  bearing  value  ii  leaa  than  the  allowable  of  S80  lb.  per  aq.  in.,  the  awimed 
lenath  ia  auffldent. 

Since  the  term  Bt/d  in  the  above  equation  la  greater  than  unity.  It  ia  evident  that  tenalon  eilita  at  point  4, 
althougb,  aa  indicated  by  the  low  value  of  the  term  (1  -  Oa/d),  thii  tendon  la  very  email.  From  eq.  (S)  of  the  article 
mentioned  above,  the  total  tenalDn  in  the  bolt  at  the  raar  lug  ia  r  -  Pd/3**  <6>/d  -  l)t  .  (1S,83S  X  lB/34  X  3-8) 
(0  X  2.S/ie  -  1)>  -  T.9G  lb.    The  K-ln.  bolt  la  much  too  Jite.  but  It  will  be  uaed. 

A  corbel  almibu  In  form  to  the  one  ahown  in  Fig,  IBS  will  be  uaed  with  the  de«gn  tinder  oonddetatlon.  AH 
detaila  of  the  caatlng  and  the  corbel  are  aaahovD  la  Fig.  ITS  (a). 

Denun  of  Joint  f. — Joint  detaila  for  point/ can  be  arranged  as  described  for  joint  b.  Fig. 
174  shoiro  three  forma  of  joint  details  for  joint  /.  Fig.  {a)  shows  a  design  for  notching,  Fig. 
(b)  shows  a  bent  strap  design,  and  Fig.  (c)  shows  a 
oaat-iron  shoe.  A  plate  washer  ia  shown  on  the  lower 
end  of  the  vertical  c-f.  This  waaher  is  deugned  by  the 
methods  uaed  for  the  washer  at  joint  d  and  shown  in 
Fig.  167. 


Deatfrn  of  Joint  g. — ^The  lower  chord  of  a  wooden  roof  truss  is  usually  spliced  at  the  center 
point,  which,  in  the  truss  under  consideration,  ia  joint  f.  Two  designs  will  be  given  in  detail 
for  the  tension  splice  required  at  this  point.  One  design  will  be  worked  out  for  a  tabled  fish 
plate  splice  constructed  entirely  of  wood,  and  another  will  be  worked  out  using  steel  side  plates 
and  bolts.  Design  methods  for  these  two  forms  of  splices  are  given  in.the  chapter  on  Splices 
and  CoimectianB — Wooden  Members. 

Fig.  175  shows  a  tabled  fish  plate  spbce  of  wooden  construction.  This  splice  is  composed 
of  two  wooden  plates  with  lugs  which  fit  into  recesses  cut  into  the  sides  of  the  lower  chord  mem- 
ber. The  design  of  the  splices  consists  in  the  determination  of  tbe  net  area  required  for  the 
splice  plates  and  for  the  recessed  portions  of  the  lower  chord  member;  the  determination  of  the 
bearing  area  required  between  the  splice  plate  and  the  chord  member;  the  determination  of  tbe 
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shearing  area  required  on  the  projecting  portions  of  the  splice  plate  and  the  chord  member  ;aB(d 
the  provision  of  bolts  to  hold  the  splice  plates  in  position. 

Since  there  are  two  splice  plates^  and  since  the  total  load  to  be  carried  is  21,300  lb.,  the  or 
area  required  in  the  body  of  each  splice  plate  is  21,300/2  X  1650  —  6.45  sq.  in.  Assuming  tl^ 
width  of  the  splice  plate  to  be  5.5  in.,  the  thickness  required  is  6.45/5.5  »  1. 17  in.  As  the  load 
on  the  splice  plate  and  the  chord  member  act  directly  on  the  end  fibers  of  the  material,  tJie 
allowable  bearing  value  is  1800  lb.  per  sq.  in.  The  width  of  bearing  required  is  then  21,300.2 
X  5.5  X  1800  =  1.08  in.  A  3  X  6-in.  piece,  actual  dimensions  2^  X  5K  in->  can  be  naed 
as  a  splice  plate.  As  shown  in  Fig.  175,  the  lugs  will  be  made  1^6  iii*  deep,  and  the  thicknes 
of  the  splice  plate  at  the  center  will  also  be  made  IJ^e  in.  This  arrangement  will  provide 
ample  net  and  bearing  areas. 

The  length  of  the  lugs  required  on  the  splice  plates  and  on  the  end  of  the  chord  member  is 
determined  by  the  shearing  area  required  to  carry  a  load  of  M  X  21,300  =  10,65O  lb.  Fori 
working  shearing  stress  of  240  lb.  per  sq.  in.,  the  length  of  the  lug  required  is  10,650/240  X  5.5  - 
8.07  in.  To  provide  for  possible  defects  in  the  material,  the  lugs  will  be  made  12  in.  long,  a? 
shown  in  Fig.  175. 

Since  the  load  to  be  carried  by  the  splice  plate  is  applied  l^e  in.  from  the  axis  of  the  pklCf 
a  moment  is  set  up  which  tends  to  rotate  the  lug  from  its  seat  on  the  chord  member.  Thr 
amount  of  this  moment  is  10,650  X  1.3125  ==  14,000  in.-lb.  To  hold  the  lug  in  its  seat,  a  boh 
will  be  placed  through  the  splice  plate  and  the  chord  member,  as  shown  in  Fig.  175.  An  ap- 
proximate estimate  of  the  stress  in  this  bolt  can  be  made  by  dividing  the  moment  calculated 
above  by  the  distance  from  the  point  of  contact  between  splice  plate  and  chord  member  to  the 
bolt,  which  in  this  case  is  6  in.  Neglecting  the  effect  of  the  resisting  moment  developed  by 
the  body  of  the  splice  plate,  the  stress  in  the  bolt  is  14,000/6  »  2330  lb.  For  a  w^orkiDf 
stress  of  16,000  lb.  per  sq.  in.,  the  required  area  at  the  root  of  thread  is  2330/16,000  —  0.147 
sq.  in.,  which  is  furnished  by  a  ^-in.  bolt.  Standard  washers  on  the  ends  of  this  bolt  will  pro- 
vide proper  bearing  area  on  the  side  fibers  of  the  splice  plate. 

The  net  area  of  the  chord  members  on  the  line  of  the  bolt  must  be  investigated.  Since  the 
depth  of  the  cutting  on  each  side  of  the  main  member  is  l^e  ii^-^  &s  shown  in  Fig.  175,  the  net 
width  of  member  is  5.5  —  2  X  1.3125  —  2.875  in.  Assuming  the  hole  for  the  bolt  to  be  ^4  in. 
in  diameter,  the  net  depth  of  the  chord  member  is  5.5  —  0.75  «  4.75  in.  Hence  the  actual  met 
area  of  the  chord  member  is  4.75  X  2.875  =  13.65  sq.  in.  The  net  area  required,  as  shown  in 
Table  2,  is  21,300/1650  =  12.9  sq.  in.  Therefore,  as  shown  by  the  above  calculations,  the 
splice  is  sufficient  in  all  of  its  details. 

As  shown  in  Fig.  175,  two  diagonal  web  members  and  a  vertical  tension  rod  enter  joint  §. 
The  load  in  the  tension  rod  is  transferred  to  the  chord  member  by  means  of  a  plate  washer  on 
the  under  side  of  the  chord  member.  This  washer  ia  designed  by  the  methods  used  for  iht 
washer  at  joint  d,  except  that  the  allowable  bearing  pressure  for  the  chord  member  &%  gis 
determined  for  the  side  fibers  of  the  material,  a  value  which  is  somewhat  smaller  than  for 
joint  d.     However,  it  will  be  found  that  the  two  washers  can  be  made  of  the  same  dimensions. 

The  two  web  members  entering  joint  g  are  shewn  as  seated  on  a  wooden  block  set  into  the 
top  of  the  chord  member.  Ample  bearing  area  is  provided  by  the  arrangement  shown  in  Fig. 
175.  Since  the  wind  stress  in  one  of  the  diagonals  is  3520  lb.,  and  that  in  the  other  is  zero,  as 
given  in  Table  1,  the  bearing  block  must  be  notched  into  the  chord  member  in  order  to  hold 
the  diagonals  in  place.  A  force  diagram  will  show  that  the  component  of  the  wind  stress  paraDd 
to  the  chord  member  is  2380  lb.  For  an  allowable  bearing  of  1800  lb.  per  sq.  in.,  the  bearing 
area  required  is  2480/1800  =  1.38  sq.  in.  If  the  bearing  block  is  made  the  full  width  of  the 
chord  member,  a  notch  1.38/5.5  —  0.251  in.  deep  is  required.  As  shown  in  Fig.  175,  a  3^-in. 
notch  is  provided,  for  a  shallower  notch  would  not  be  effective. 

Fig.  176  shows  a  design  for  joint  0  in  which  steel  side  plates  and  bolts  arc  used.  The  design  ofthis  joint  eoamsu 
in  the  determination  of  the  number  and  sise  of  bolts;  the  determination  of  the  sise  of  the  side  plates;  and  the  spadiw 
of  bolts  required  to  maintain  safte  shearing  stresses  in  the  timber. 

If  the  thickness  of  the  side  plates  be  assumed  as  H  in-t  the  loading  conditions  for  a  bolt  are  as  shown  in  Flf- 
176  (b).     The  toUl  moment  to  be  carried  by  all  of  the  bolts  is  10,650  X  IH  "-  15.975  in.-lb.     From  tlie  Uble«f 
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Fig.  176. 


safe  boidiiii  momenta  on  pins  for  an  allowable  fiber  streas  of  24.000  lb.  per  eq.  in.,  the  safe  bending  moment  ii 
2350  in.-Ib.  for  a  l-in.  bolt,  and  3350  m.-Ib.  for  a  iH-in.  bolt.  Therefore,  seven  1-in.  bolts,  or  five  IH-in.  boltc 
are  required.  To  secure  a  compact  joint,  five  IM-in.  bolts  will  be  used.  Before  this  number  of  bolts  is  finally 
adopted,  the  bearing  pressure  exerted  by  the  bolts  on  the  timber  and  on  the  steel  side  plates  must  be  examined. 
For  an  allowable  working  bearing  value  of  1200  lb.  per  sq.  in.  for  bolts  bearing  on  the  timber,  the  area  required  for 
each  bolt  is  21.300/5  X  1200  -  3.63  aq.  in.  The  bearing  value  provided  by  a  IM-in.  bolt  is  5.5  X  1.125  -  6.19  sq. 
in.  For  the  side  plates,  the  allowable  bearing  value  on  the  steel  plate  is  24.000  lb.  per  sq.  in.,  and  the  bearing  area 
required  for  each  bolt  is  21.300/5  X  24.000  -  0.178  sq.  in.  The  bearing  area  provided  by  two  K-in.  side  plates  on 
each  bolt  ia  2  X  1.125  X  0.25  ->  0.56  sq.  in.  As  the  assumed 
bolts  are  safe  in  bending  and  bearing,  they  will  be  adopted. 

Fig.  176  (a)  shows  the  arrangement  of  the  bolts.  Net  areas 
on  sections  x-x  and  y-y  must  be  investigated  before  this  arrange- 
ment ia  adopted.  At  section  x-Xt  the  net  area  required  is 
21,300/1650  -  12.9  sq.  in.  Assuming  that  the  bolts  fit  the  holes 
exactly,  the  net  area  of  the  chord  member  at  section  x~x  is  (5.5  - 
1.125)5.5  «  24.1  sq.  in.  At  section  y-y^  the  stress  in  the  chord 
member  is  4/5  X  21.300  -  17.050  lb.;  the  net  area  required  is 
17.050/1650  -  10.32  sq.  in.,  and  the  net  area  provided  is  (5.5  - 
1.125  X  2)  5.5  «  17.9  sq.  in.  The  net  areas  provided  are  there- 
fore sufficient. 

The  distance  between  bolts,  and  the  distance  between  the 
end  of  the  chord  member  and  a  bolt  is  determined  by  the  shear 
area  required  to  develop  a  resistance  equal  to  the  load  on  a  bolt. 
From  Fig.  176  (a),  the  required  distance  between  bolts  for  a 
shearing  stress  of  240  lb.  per  sq.  in.  is  21.300/5  X  5.5  X  2  X  240 

»  1.61  in.  As  shown  in  Fig.  176  (a),  the  adopted  bolt  spacing  exceeds  the  required  spacing.  The  adopted 
spacing  was  used  in  order  to  avoid  interference  between  the  first  set  of  bolts  and  the  bearing  block  for  the 
diagonal  members.  Six-inch  spacing  was  adopted  for  the  other  bolts  in  order  to  secure  a  neat  looking  joint. 
All  of  the  details  of  the  bearing  block  for  the  diagonal  members  and  washer  for  the  vertioal  tension  rod  are  the 
same  as  shown  on  Fig.  175. 

JoifU  Details  for  Trusses  with  BuiU-up  Members. — In  some  cases  truss  members  are  made 
of  built-up  members  composed  of  planks  placed  side  by  side  and  bolted  together  to  act  as  a 
single  piece,  as  described  in  Art.  145  for  the  top  and  bottom  chord  members  of  the  truss  under 
discussion  in  this  chapter.    Joint  details  for  such  members  can  be  made  up  along  the  same 

lines  as  those  given  above  for  members  composed  of  single  sticks. 
In  any  case,  it  is  well  to  provide  excess  bearing  areas  at  all  points 
in  order  to  allow  for  possible  defects  in  workmanship  and  in  ma- 
terials, due  to  the  fact  that  the  bearing  surfaces  are  composed  of 
several  parts  which  must  work  together,  each  taking  its  propor- 
tion of  the  total  load. 

Fig.  177  shows  arrangements  of  built-up  joint  details  for  joints  a  and  d. 
In  Fig.  (a)  is  given  a  detail  for  joint  a.  A  design  is  given  in  Art.  145  for  a 
bottom  chord  member  composed  of  five  2X8  in.-plank.  A  top  chord  section 
of  the  same  sise  will  also  be  used  in  this  detail.  As  shown  in  Fig.  (a),  three  of 
the  top  chord  plank  and  two  of  the  lower  chord  plank  are  cut  away,  and  the 
remaining  pieces  are  fitted  together  to  form  a  joint.  The  parte  are  held 
together  by  means  of  bolts  which  can  be  designed  by  the  methods  given  in  the 
chapter  on  Splices  and  Connections — Wooden  Members.  Fig.  (b)  shows  a  form 
of  joint  for  the  apex  of  the  truss. 

Details  of  Purlin  Connections, — In  Art.  127  there  is  given  a 
general  description  of  the  forms  of  purlin  connections  in  general 
use.  For  the  truss  under  consideration,  a  strap  hanger  of  the 
form  shown  in  Fig.  146  (&)  of  the  above-mentioned  article  will  be 
used.  Standard  sizes  of  strap  hangers  are  given  in  trade  cata- 
logues, from  which  it  will  be  found  that  a  3  X  M-in.  strap  is  required  for  a  6  X  8-in.  purlin. 

It  will  be  assumed  that  the  purlin  is  to  be  placed  with  its  lower  edge  on  the  same  level  as 
the  lower  face  of  the  top  chord  member.  Since  the  purlin  as  designed  in  Art.  144  is  a  6  X  8-in. 
section,  actual  depth  1}^  in.,  and  the  top  chord  member,  as  designed  in  Table  2  of  Art.  145, 
is  a  6  X  6-in.  section,  actual  depth  5  3^  in.,  the  purlin  projects  2  in.  beyond  the  top  of  the  chord 
^oiember,  as  shown  in  Fig.  178  (a).    The  3  X  ^-in.  strap  hanger  is  held  in  position  on  the  chord 
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member  by  lag  screws.  In  locating  the  purlin  at  joint  b,  it  is  deeirable  that  the  purlin  be  plia:^ 
with  ite  center  at  the  intersection  of  the  center  lines  of  the  truss  members.  It  may  not  be  po«- 
bleinallcaaes  to  do  this,  because  of  interference  between  the  washer  BJid  the  strap  bBJOger.  1^ 
purlin  will  be  placed  as  close  to  the  desired  position  as  the  conditions  will  permit. 

Fig,  ITS  W  abowt  a  detoil  for  Jt^t  if,  the  spei  ot  the  traa.  A  o^ 
porlla  of  tbe  ■Kms  liia  u  for  Joint  b  m  u«ed  At  joint  d.  The  porHn  ■!  it 
pluied  ia  ft  Terticaf  inution  sod  il  beld  in  pUoe  b;  a  itrmp  li»iix«*  vlyd  i 
■upportsd  by  blocla  lutcaed  to  Uw  ebord  DWnibei  by  means  ot  laa  tarwt. 

Tbe  d«ai(Da  [or  joist  a  shown  in  FI9,  ISO  to  173  can  be  arrmncBd  inOm 

the  UM  ol  ■  puilin.     In  plage  of  ■  purlin  the  maKMuy  can  be  built  up  bttwx 

the  triuMa,  and  a  wall  plats  proTidsd  oo  which  tbe  nftera  are  nested.    II  i 

purlin  ig  desiml  at  this  point,  a  detail  can  be  wed  ot  the  form  ahown  ia  F* 

jojrtb  H9(d).p.<M. 

147.  Osnsral  Drawing  and  Estimated  Weight. — In  Fig.  m 

there  is  shown  a  general  drawing  of  the  truss  designed  in  tbe  jm- 

coding  articles.     It  wiU  be  noted  that  the  joints  shown  on  tb 

drawing  are  made  by  notching  one  member  into  another,  sa^ 

that    the    structure    is    practically   on    all- wood    conatructicK. 

These  details  were  shown  because  they  are  of  the  type  geDoiHi 

■.^.  J  used  for  wooden  trusses,  and  because  they  are  readily  dengnei 

p,g  J  jg^  easily  constructed,  and  a  thoroughly  practical,  reliable  sbvctute  ■ 

obtained,  when  such  details  are  used. 

An  approximate  estimate  of  weight  will  be  made  for  the  truss  shown  on  Fig.  179  in  onkr  ta 

check  up  on  the  dead  weight  estimated  by  the  formula  of  Art,  142  and  used  in  the  calculate 

of  stresses  in  Art.  145.     In  estimating  weights,  it  was  assumed  that  Western  Hemlock  wdgb 

3  lb.  per  foot  board  measure,  and  that  steel  and  cast  iron  weigh  490  lb.  per  ou.  ft.     Weightiof 

steel  rods  were  taken  from  the  8t«fl  handbooks. 


The  total  weifht  of  the  tnuea  wu  round  to  be  ISM  lb.,  divided  ai  foltowe:  main  nkemben.  1390  lb.;atad  ra^ 
M  D).;  plal«  and  cait  waahen.  100  lb.:  bolts  and  dowel  ohm,  7fi  lb.;  and  atrap  hangen.  00  lb.  Since  the  apaii  ii 
SOIt.,andthedittauoebetween  truiaaisiett..  thehoriiontaloavucdateapertniieisSOX  Ifl  -  BOOaq.  ft.     Ite 
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ruB  nicht  per  X]'  ft.  of  horiiontkl  iiav««d  UM  i>  thsD  '*'H*a  -  3.12  lb.  Frsm  Art.  144  U»'w«xbt 
id  by  formuU  ia  3.42  lb.  par  iq.  ft.  of  sovend  u«.  The  eatimated  mliht  ia  ttaerelore  thoat  1*  %  in  «ici 
o(  tfae  utuiU  wtJcht.  However.  M  btoufht  out  in  the  diacumion  on  dead  weight  torrdulM  «l»eB  in  the  chuplcr 
Roof  TruiHa — OenenI  DwiiD,  thia  dillennce  between  actual  and  eatinuted  weight  ia  not  crratennuah  tawarra 
k  reoalsulatiiia  of  the  dead  load  atreaaea.     The  dfaiga  u  (ivaa  in  the  preoediiis  artlelea  will  tberefore  be  oonaider 
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148.  Oenenl  Condltions-for  th«  Desifn. — A  complete  design  will  b«  made  of  the  steel  roof 
tnuaei  for  a  building  with  masonry  Bide  &Dd  end  walls.  It  witlbeaasumed  tbatthelayoutofthe 
building,  as  determined  by  other  considerations,  is  as  sbown  in  Fig.  180.  A  roof  covering  con- 
stating of  wood  shingles  on  plank  sheathing  will  be  used.  The  structure  will  be  assumed  as 
located  in  the  Central  States.  It  will  be  designed  for  a  minimum  load  capacity  of  40  lb.  per 
sq.ft. 

Hie  general  requirements  governing  the  design  of 
the  steel  work  will  conform  to  the  standard  practice  for 
this  type  of  structure.  Working  etresses  for  steel  will 
be  16,000  lb.  per  sq.  in.  on  the  net  section  of  tension 
members,  and  16,000-70  l/r  lb,  per  sq.  in.  on  the  gross 
area  of  compression  members  (f  —  length  of  member  in 
inches,  and  r  —  least  radius  of  gyration  of  section  in 
inches).    The  limiting  slenderness  ratio  for  compression 

members  will  be  l/r  —  126  for  main  members  and  l/r  —  y,„  igo 

150  for  bracing.     It  will  be  assumed  that  the  trusses 

are  not  exposed  to  moisture  or  corrosive  gases,  so  that  the  minimum  thickness  of  material 
can  be  taken  as  fj  in.  AH  members  carrying  calculated  stress  will  be  made  of  two  angles, 
the  member  and  joint  details  to  be  arranged  according  to  the  discuaaion  given  in  the  chapter 
on  Root  Trusses — General  Design. 

Rivets  will  be  taken  as  ^  in.  in  diameter,  and  rivet  holes  will  be  punched  Ks  in.  larger 
then  the  rivet  diameter.  In  calculating  net  areas  of  tension  memben  the  diameter  of  rivet 
holes  will  be  taken  H  in.  larger  than  the  rivet,  or  %  in.  Working  values  for  shop  riTet«  will 
be  based  on  10,000  lb.  per  sq.  in.  for  shear,  and  20,000  lb.  per  sq.  in.  for  bearing;  corresponding 
values  for  field  rivets  will  be  7600  and  16,000  lb.,  respectively. 

The  smallest  angle  leg  which  will  hold  a  ?^-in.  rivet  is  usually  taken  as  2}ri  in.  Wbere  an 
angle  leg  does  not  contain  rivets,  a  2-in.  \^  can  be  used.  No  reduction  in  section  area  will  be 
made  where  angles  are  connected  by  one  leg  only,  except  the  usual  reduction  for  rivet  holes. 

Working  Htreaaea  for  wooden  sheathing  will  be  taken  as  1000  lb.  per  sq.  in.  for  bending.  The 
bearing  on  masonry  walls  will  be  200  lb.  per  sq.  in.  Purlins  will  be  made  of  rolled  steel  sections. 
To  avoid  excessive  deflection,  the  adopted  section  will  be  limited  in  depth  to  Ho  of  the  span. 

149.  Type  and  Form  of  Truss. — The  type  and  form  of  truss  to  be  used,  and  the  spacing 
of  the  trusses  will  be  determined  by  a  consideration  of  the  principles  outlined  in  the  chapter  on 
Roof  Trusses — General  Design.  As  a  shingle  roof  is  to  be  used,  the  minimum  desirable  roof 
piteh  is  K.  This  is  also  the  pitch  which  will  result  in  the  most  economical  structure.  It  will 
therefore  be  adopted. 

From  Fig.  180,  the  distance  between  walls  is  49  ft.  If  it  be  assumed  that  the  end  bearing 
plates  are  to  be  12  in.  long,  the  effective  span  will  be  50  ft.  Since  the  adopted  piteh  is  }4,  the 
height  of  the  truss  will  be  *%  -  12.5  ft.,  as  shown  in  Pig.  181.  The  length  of  the  top  chord 
member  is  (25*  +  12.6*)^  —  28  ft.  If  the  top  chord  members  be  limited  in  length  to  about 
8  ft.,  it  will  be  necessary  to  divide  the  top  chord  into  four  parts,  each  '%  =  7  ft.  long.  From 
Fig.  144,  p.  465,  a  convenient  form  of  truss  is  offered  by  the  compound  Pink  truss  of  Fig.  (6), 
or  by  the  four-panel  Pratt  truss  of  Fig.  (k).  Of  these  two  forms  of  trusses,  it  will  be  found  that 
for  points  near  the  center  of  the  span  the  Fink  truss  can  be  made  up  with  shorter  members  than 
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those  needed  for  the  Pratt  truss.  As  shown  by  the  tables  of  stress  coefficients  given  in  the  eb^ 
ter  on  Roof  Trusses — Stress  Data,  the  stresses  in  the  members  of  the  Fink  truss  are  a  litt* 
larger  than  those  in  the  Pratt  truss.  Everything  considered,  however,  it  seems  best  to  use  tb 
Fink  type,  as  shown  in  Fig.  181. 

The  economical  spacing  of  trusses,  as  given  in  Art.  124,  is  about  ^  of  the  span  length,  of  a 
this  case,  12.5  ft.     From  Fig.  180,  the  distance  of  end  walls  is  90  ft.     If  the  truss  spacing  U 

made  15  ft.,  there  will  be  6  bays  and  5  tnissa  »- 
quired.  YHiere  7  bays  are  used,  the  truss  spaciBi 
will  be  about  13  ft.  As  economical  cohditioiiB  fknr 
long  truss  spacing,  the  arrangement  shown  in  Fit 
180  will  be  adopted. 

160.  Loadings. — ^As  stated  in  Art.  148,  tir 
structure  is  supposed  to  be  located  in  the  Centii 
States.  The  snow  load  for  this  region,  as  givcB  b 
the  table  in  Art.  136,  is  20  lb.  per  sq.  ft.  of  nd 
surface.  For  this  section  of  the  country,  the  unit  wind  pressure  is  generally  taken  as  90  E 
per  sq.  ft.  on  a  vertical  surface.  From  the  table  of  wind  pressures  given  in  Art.  135,  tk 
intensity  of  normal  pressure  on  a  one-quarter  pitch  roof  is  22.4  lb.  per  sq.  ft.  of  roof  surfaee. 

The  dead  weight  of  the  truss  will  be  estimated  by  meansof  one  of  the  weight  formulas  gnns 
in  Art.  134.     From  the  Carnegie  Handbook  formula,  for  40-lb.  capacity,  the  weight  is  gives  ■ 

0.2 (VSO  +  0.125  X  50)  =2.7  lb.  per  sq.  ft.  of  horizontal  covered  area. 

Assmning  the  weight  of  the  bracing  to  be  0.8  lb.  per  sq.  ft.,  the  total  dead  weight  of  traasaDd 
bracing  will  be  2.7  +  0.8  =«  3.5  lb.  per  sq.  ft.  of  horizontal  covered  area. 

The  weight  of  the  roof  covering  can  be  estimated  from  the  table  given  in  Art.  1 33.  Shingis 
weigh  about  3  lb.  per  sq.  ft.  of  roof,  and  the  sheathing,  which  will  be  hemlock,  will  weigh  alwai 
3  lb.  per  sq.  ft.  of  roof  per  inch  of  thickness. 

161.  Design  of  Sheathing. — ^The  thickness  of  the  sheathing  can  be  determined  from  Table 
2,  p.  458.  Thus  for  a  roof  of  40-lb.  capacity,  as  assumed  in  Art.  148,  Table  2  shows  that  for  i 
slope  of  6  in.  per  foot,  which  corresponds  to  one-quarter  pitch,  the  limiting  span  of  1-in.  sheath- 
ing is  6.84  ft.  for  a  fiber  stress  of  1000  lb.  per  sq.  in.  This  is  but  slightly  less  than  the  distann 
between  top  chord  panel  points,  as  shown  in  Fig.  181.  The  value  given  above  is  the  limitiBi 
span  for  bending,  as  deflection  is  not  limited  for  shingle  roofs.  Although  material  1-in.  thkk 
can  be  used  for  sheathing  as  far  as  stress  conditions  are  concerned,  it  is  not  considered  gpod 
practice  to  use  such  thin  material  for  long  spans.  It  is  advisable  to  use  2-in.  material,  wfaid 
will  be  adopted. 

A  more  exact  detisn  of  the  sheathing  can  be  made  by  oonsidering  the  combinationa  of  loads  acting  en  tk 
sheathing.  These  combinations  are  similar  to  those  mentioned  in  Art.  137.  They  are:  (a)  dead  load  and  nw 
load;  (6)  dead  load,  minimum  snow  load,  and  maximum  wind  load;  and  (c)  dead  load,  maximum  snow  load,  aed 
minimum  wind  load.  The  dead  load  is  the  weight  of  the  shingles  and  of  the  sheathing,  which  will  be  aasumed  tol» 
2  in.  thick.  At  3  lb.  per  ft.  B.  M.,  the  sheathing  weighs  6  lb.  per  sq.  ft.  of  roof. 
From  Art.  160,  the  maximum  wind  and  snow  loads  are  respectively  22.4  and  20 
lb.  per  sq.  ft.  of  roof  surface,  the  wind  load  acting  normal  to  the  roof  and  the 
snow  load  acting  vertical.  Minimum  snow  load  will  be  taken  as  one-half  of  the 
maximum,  and  minimum  wind  load  will  be  taken  as  one-third  of  the  maximum. 

The  allowable  fiber  stress  for  the  sheathing  will  be  taken  as  1000  lb.  per  sq. 
in.  As  mentioned  in  Art.  135,  the  wind  load  is  an  occasional  loading  and  the 
working  stresses  can  be  modified  accordingly.  It  will  be  assumed  that  the 
working  stress  for  wind  loading,  when  combined  with  stresses  due  to  direct 
loading,  is  increased  50  % .  This  can  be  taken  into  account  by  reducing  the 
wind  load  by  H — that  is,  by  using  a  unit  wind  load  of  20  lb.  per  sq.  ft.  The 
normal  load  for  a  roof  of  }i  pitch  is  then  14.9  lb.  per  sq.  ft.  This  load  can  be 
combined  with  those  for  dead  and  snow  load,  and  a  working  stress  of  1000  lb. 
per  sq.  in.  applied  to  the  resulting  moment. 

In  designing  the  sheathing,  it  will  be  assumed  to  act  as  a  beam  supported  by  purlins  placed  at  the  top  dMK* 
joints  of  the  truss.  As  shown  in  Fig.  181,  the  purlins  are  spaced  7  ft.  apart.  Since  the  sheathing  is  contlnuoas  ohi 
the  purlins,  it  will  be  assumed  that  the  maximum  moment  is  given  by  the  formula  Af  •»  Ko  v^*'  The  loads  wiB  be 
resolved  into  components  perpendicular  and  parallel  to  the  sheathing.     It  will  be  assumed  tliat  the  naoment  to  be 
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oi^rried  by  the  Bheathinc  is  due  to  the  normal  loads;  the  effect  of  components  parallel  to  the  sheathing  will  be  neg- 
lected. 

The  total  vertical  load  for  the  combination  of  case  (a)  is  3  lb.  for  shingles,  6  lb.  for  sheathing,  and  20  lb.  for 
■now,  a  total  of  29  lb.  As  shown  in  Fig.  182,  the  roof  surface  forms  an  angle  of  26  deg  34  min.  with  the  horisontal. 
The  component  perpendicular  to  the  roof  is  then  29  X  cos  26  deg.  34  min.  »  29  X  0.895  «  25.9  lb.  per  sq.  ft. 
of  roof.  For  case  (6),  which  is  shown  in  Fig.  182,  the  vertical  load  is  3  lb.  for  shingles,  6  lb.  for  sheathingi  and  10 
lb.  for  minimum  snow  load;  a  total  vertical  load  of  19  lb.,  for  which  the  component  perpendicular  to  the  roof  is 
19  X  0.895  -  17  lb.  The  wind  load  normal  to  the  roof  is  14.9  lb.  Hence  the  total  normal  load  is  17.0  +  14.9  - 
31 .9  lb.  In  the  same  way  it  will  be  found  that  the  total  normal  load  for  case  (e)  is  30.9  lb.  Case  (b)  therefore  gives 
the  maximum  normal  component. 

The  maximum  moment  to  be  carried  by  the  sheathing  due  to  the  normal  loads  is  then  if  ■■  Ho  v>t*  ■■  Ho  X 
31.9  X  7'  X  12  a  1875  in.-lb.  For  a  rectangular  section  the  fiber  stress  is  given  by  the  formtila/  *  Mc/I  ■• 
&Jk[/bd*.    Considering  a  section  of  sheathing  1  ft.  wide  and  2  in.  thick,  we  have 

.        6  X  1875         -_,  ,. 

^-i2-xT3<^-^^*^*^-^''''^-^°- 

As  the  allowable  fiber  stress  is  1000  lb.  per  sq.  in.,  the  sheathing  is  stronger  than  necessary.     To  conform  to  the 
flCeneral  practice,  the  assumed  sheathing  will  be  used. 

162.  Design  of  Purlins. — Purlins  are  designed  by  the  methods  outlined  in  the  chapter  on 
IDesign  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  As  the  sheathing  is  quite  rigid,  it  will  be  as- 
sumed that  the  purlins  carry  only  the  components  of  loads  perpendicular  to  the  roof  surface. 
The  combinations  of  loading  will  be  the  same  as  for  the  design  of  the  sheathing.  From  the 
preceding  article  the  maximum  component  of  normal  loads  is  31.9  lb.  To  this  must  be  added 
the  weight  of  the  purlin,  which  will  be  assumed  to  be  1.3  lb.  per  sq.  ft.  normal  to  the  roof.  The 
total  normal  load  is  then  31.9  +  1.3  —  33.2  lb.  Since  the  trusses  are  spaced  15  ft.  apart,  the 
area  carried  by  a  purlin  is  7  X  15  =  105  sq.  ft.  of  roof  surface.  The  total  uniformly  dis- 
tributed load  for  a  purlin  is  then  33.2  X  105  =  3486  lb.,  and  the  moment  to  be  carried, 
assuming  the  purlin  to  be  a  simple  beam  between  trusses,  is  M  ^^  }4Wl  —  H  X  3486  X  15 
X  12  =:  78,500  in.-lb.  For  an  allowable  working  stress  of  16,Ok)0  lb.  per  sq.  in.,  the  required 
I/c  =  78,500/16,000  «  4.9  in.»  From  the  handbooks,  this  is  furnished  by  a  7-in.  9%-lb. 
channel.  The  true  weight  of  this  section,  in  lb.  per  sq.  ft.  normal  to  the  roof  surface,  is 
9.75  X  cos  26**  3477  =  9.75  X  0.895/7  =  1.25.  This  is  so  close  to  the  assumed  value  that 
the  calculations  will  not  be  revised. 

168.  Determi^iation  of  Stresses  in  Members. — ^The  stresses  in  the  truss  members  are  to  be 
determined  for  the  same  combinations  of  loads  as  used  for  the  design  of  the  sheathing  and  the 
purlins.  Two  general  methods  of  calculation  can  be  used.  In  the  first  method,  the  dead  and 
snow  loads  are  taken  as  vertical  forces  and  the  wind  load  is  considered  as  acting  normal  to  the 
roof  on  the  windward  side.  In  the  second  method  of  calculation,  dead,  wind,  and  snow  loads 
are  represented  by  a  uniform  vertical  load  acting  over  the  entire  roof  surface.  As  stated  in 
Art.  137,  this  second  method  of  calculation  can  be  applied  to  trusses  of  the  Fink  type.  The 
stresses  thus  obtained  are  practically  the  same  as  those  obtained  by  the  first  method  of 
calculation.  While  the  first  method  probably  more  nearly  approximates  the  actual  con- 
ditions, the  second  method  results  in  a  considerable  saving  of  time  spent  in  stress  calculation. 
For  the  truss  under  consideration  both  methods  of  calculation  will  be  carried  out  and  the 
results  compared. 

The  first  step  in  the  calculation  of  the  stresses  in  the  members  is  the  determination  of  the 
panel  loads.  In  the  first  method  of  calculation  outlined  above  it  will  be  found  best  to  deter- 
mine the  panel  loads  due  to  dead,  snow,  and  wind  loads  separately.  The  resulting  stresses 
can  then  be  determined  and  the  proper  combinations  made  up  to  determine  the  maximum 
stress. 

As  stated  in  Art.  151,  the  dead  weight  of  the  shingles  and  sheathing  is  a  vertical  load  of 
0  lb.  per  sq.  ft.  of  roof  surface.  Since  the  purlins  are  spaced  7  ft.  apart,  and  the  trusses  are  15 
ft.  apart,  the  roof  area  per  panel  is  7  X  15  =  105  sq.  ft.  The  dead  panel  load  due  to  the  roofing 
is  then  9  X  105  —  945  lb.  To  this  must  be  added  the  weight  of  the  purlin  and  the  estimated 
weight  of  the  truss.  From  Art.  152,  the  adopted  purlin  is  a  7-in.  9^-lb.  channel.  As  the 
weight  of  one  15-ft.  purlin  is  carried  to  each  top  chord  panel  point,  the  dead  load  due  to  the 
purlin  is  9^  X  15   »=  146.3  lb.    From  Art.  150,  the  estimated  weight  of  the  truss  and 
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bracing  was  found  to  be  3.5  lb.  per  sq.  ft.  of  horizontal  covered  area.  As  the  span  is  ^fL 
and  since  there  are  8  roof  panels,  the  horizontal  covered  area  per  panel  is  16  X  *9^  =93.15 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  and  bracing  is  then  9S.75  X  3.5  »  32Sl1 
lb.  Adding  together  these  partial  panel  loads,  the  total  dead  panel  load  is:  945.0  +  146.3  • 
328. 1  ^  1419.4  lb.     A  panel  load  of  1420  lb.  will  be  used  in  the  calculation  of  dead  load  strean 

The  stresses  in  the  truss  members  due  to  the  dead  panel  load  can  be  determined  by  tk 
methods  of  stress  calculation  given  in  Sect.  1,  or  by  means  of  the  tables  of  stress  coefficieiili 
given  in  the  chapter  on  Roof  Trusses — Stress  Data.  Col.  1  of  Table  1  gives  the  calculzted 
dead  load  stresses. 

From  Art.  150,  the  snow  load  is  a  vertical  load  of  20  lb.  per  sq.  ft.  of  roof  surface.  Sm 
the  roof  area  per  panel  is  105  sq.  ft.,  the  snow  panel  load  is  20  X  105  «  2100  lb.  The  strean 
due  to  this  panel  load  can  be  determined  by  the  methods  outlined  above  for  the  dead  Iom 
stresses.  As  the  panel  loads  for  dead  and  snow  load  are  both  vertical  and  are  applied  at  tb 
same  points,  the  snow  load  stresses  can  be  determined  by  ratio  from  the  dead  load  streeB 
as  given  in  col.  1  of  Table  1.  Thus  if  the  dead  load  stresses  be  multiplied  by  the  ratio  of  sdcv 
and  dead  panel  loads,  the  resulting  stresses  will  be  the  required  snow  load  stresses.  For  tk 
trass  under  consideration,  the  ratio  of  snow  and  dead  panel  loads  is  2100/1420  « 1.48.  Tks 
ratio  can  be  set  off  on  a  slide  rule  and  the  stresses  calculated  with  sufficient  accuracy  for&L 
ordinary  cases.  The  snow  load  stresses  for  the  truss  under  consideration  are  given  in  fr» 
2  of  Table  1.  To  assist  in  making  up  the  combined  stresses  there  is  also  given  in  col.  3  « 
Table  1  the  stresses  due  to  one-half  of  the  maximum  snow  load. 

The  wind  pressure  on  the  roof  surface  of  a  one-quarter  pitch  roof  due  to  a  unit  pressure  « 
80  lb.  per  sq.  ft.  is  given  in  Art.  150  as  22.4  lb.  per  sq.  ft.  Where  the  working  stress  for  wind  ii 
increased  50  %  over  that  used  for  dead  and  snow  loads,  as  in  the  case  under  consideration,  tbt 
change  can  be  made  by  a  reduction  in  the  intensity  of  the  wind  pressure  corresponding  to  tk 
increase  in  working  stress.  Since  the  working  stress  for  wind  is  ^  of  that  for  the  other  kwik 
the  intensity  of  the  wind  pressure  can  be  taken  as  ^  of  the  value  given  for  a  30-lb.  unit  pressat 
A  uniform  working  stress  of  16,000  lb.  per  sq.  in.  can  then  be  used  for  all  loadings. 

The  normal  wind  load  per  sq.  ft.  of  roof  corresponding  to  a  working  stress  of  24,000  Ih 
per  sq.  in.  is  M  X  22.4  —  14.9  lb.  As  the  area  of  the  panel  is  105  sq.  ft.,  the  wind  panel  kd 
18  14.9  X  105  —  1565  lb.  The  resulting  stresses  are  calculated  by  the  methods  of  Sect.  1,  or 
by  means  of  the  wind  stress  coefficients  given  in  the  chapter  on  Roof  Trusses — Stress  DzU. 
In  calculating  the  i^ind  stresses  it  will  be  assimied  that  one  end  of  the  truss  is  fixed  and  thsi 
the  other  end  is  supported  on  a  smooth  plate  on  which  it  is  free  to  slide.  As  it  is  genenfir 
assumed  that  the  frictional  resistance  between  smooth  plates  is  zero,  the  reaction  at  the  frs 
end  is  vertical.  The  assumed  end  conditions  are  covered  by  .Cases  I  and  II  of  the  wind  stres 
coefficients  for  the  Fink  truss.  The  calculated  wind  stresses  for  wind  on  the  left  side  of  tk 
truss  are  given  in  col.  4  of  Table  1.     In  col.  5  the  stresses  for  one-third  wind  load  are  giro. 

The  combinations  of  dead,  snow,  and  wind  load  stresses  for  maximum  stresses  in  the  Iron 
members  are  the  same  as  given  in  Art.  151  for  the  design  of  the  sheathing.  These  combinatiofi! 
are :  (a)  dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  (&)  dead  load,  maxinnnn 
snow  load,  and  one-third  wind  load.  The  maximum  stresses  for  case  (a)  are  given  in  col.  7 
of  Table  1.  They  are  obtained  by  adding  the  values  given  in  cols,  1, 3,  and  4.  Values  for  eaie 
(&)  are  given  in  col.  8.     They  are  obtained  by  adding  values  given  in  cols.  1,  2,  and  5. 

Maximum  streflses  as  determined  by  the  second  method  of  calculation  outlined  above  are  given  in  eoL  9  d 
Table  1.  The  vertical  uniform  load  which  is  to  repr^ent  the  combined  effect  of  wind  and  snow  can  be  taken  fran 
Table  9,  p.  469.  For  a  roof  of  one-quarter  pitch  located  in  the  Central  States,  the  load  is  given  aa  25  lb.  per  sq.  It 
of  roof  surface.  The  equivalent  load  can  also  be  estimated  from  the  values  for  wind  and  snow  given  in  Art.  ISt 
To  estimate  this  load,  assume  that  the  vertical  component  of  the  wind  is  combined  with  the  snow  load  in  the  me» 
manner  as  for  maximum  stresses  in  the  first  method  of  calculation.  The  vertical  component  of  the  wind  load  s 
14.9  X  cos  26*  34'  «  13.4  lb.  per  sq.  ft.  of  roof.  If  one-half  of  the  snow  load  of  20  lb.  per  sq.  ft.  of  roof  be  adiM 
to  this  load,  there  is  obtained  an  equivalent  load  of  23.4  lb.  For  maximum  snow  and  one-third  wind  the  eoe- 
bined  load  is  >i  X  13.4  +  20  «  24.4  lb.  These  values  compare  very  well  with  the  load  of  25  lb.  taken  fromtk 
above  mentioned  table. 

The  panel  load  for  equivalent  vertical  loading  is  determined  by  adding  to  the  panel  load  for  the  above  kni 
the  dead  panel  load  as  given  above.    As  the  area  of  the  roof  panel  is  105  sq.  ft.,  the  panel  load  for  oomlHn!«4  ^vi 
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and  mow  is  25  X  105  «  2625  lb.  The  dead  panel  load,  ae  given  above,  it  1420  lb.,  and  the  total  panel  load  ia 
1420  +  2625  -  4045  lb.  Col.  9  of  Table  1  gives  the  resulting  stresses,  which  were  calculated  from  the  dead 
load  stresses  of  col.  1  by  means  of  the  ratio  of  panel  loads,  4045/1420  «  2.845.  which  was  set  off  on  a  elide  rule  and 
the  stresses  read  directly. 

In  some  eases  it  is  also  specified  that  the  roof  shall  be  designed  for  a  load  capacity  of  not  less  than  40  lb.  per 
iq.  ft.  of  covered  area.  The  specified  capacity  depends  upon  the  service  conditions  and  with  the  location  of  the 
itruoture,  varying  from  30  to  60  lb.  For  the  truss  under  consideration,  the  panel  load  will  be  40  X  93.75  »  3750 
lb.  Since  this  panel  load  is  less  than  the  one  used  for  the  calculation  of  the  stresses  given  in  col.  9  of  Table  1,  the 
resulting  stresses  will  be  smaller  than  those  given  In  col.  9.  In  some  cases  these  stresses  may  exceed  the  others, 
in  which  case  they  will  determine  the  design. 

Comparing  the  stresses  obtained  by  the  two  methods  of  calculation,  as  given  by  cols. 
7  and  8  for  the  first  method,  and  by  col.  9  for  the  second  method,  it  will  be  found  that,  for  top 
and  bottom  chord  members,  the  stresses  given  by  col.  0  are  a  little  larger  than  those  given  in 
either  col.  7  or  8,  and  that  the  stresses  in  the  web  members  are  almost  identical  in  cols.  7,  8, 
and  9.  The  second  method  of  calculation  therefore  gives  practically  the  same  results  as 
the  more  exact  first  mehtod.  The  stresses  given  in  coL  9  will  be  used  as  the  maximum 
Btreases  for  the  design  under  consideration. 

Tabub  1. — Stressbb  in  Mbmbebs 
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164.  Design  of  Members. — The  conditions  for  the  design,  as  stated  in  Art.  148,  contain 
fhe  following  references  to  working  stresses:  tension,  16  000  lb.  per  sq.  in.  on  the  net  section; 
iompression,  (16,000  —  70l/r)  lb.  per  sq.  in.  on  the  gross  section,  l/r  not  to  exceed  125.  The 
niniiniitn  thickness  of  material  is  given  as  }i  in.  All  members  carrying  calculated  stress  are 
A>  be  made  up  of  two  angles.  Design  methods  for  tension  and  compression  members  are  given 
n  Sect.  2. 

In  making  up  truss  members  such  as  the  top  and  bottom  chord,  which  are  continuous  over 
leveral  panels,  it  is  the  usual  practice  to  design  the  member  for  the  section  of  maximum  stress, 
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and  to  use  the  same  section  for  the  entire  member.  This  is  good  practice,  for  it  will  probablrbe 
found  that  if  the  sections  are  changed  to  fit  the  stresses  and  splices  made  at  each  joint,  theeoR 
of  the  shop  work  on  these  splices  will  exceed  the  cost  of  the  excess  material  required  for  ccer 
tinuous  members. 

Trusses  of  small  size  can  generally  be  shipped  in  one  piece.  All  joints  can  be  riveted  op  c 
the  shop  and  the  truss  erected  as  a  unit  in  the  field.  The  limiting  dimensions  of  fully  riretei 
trusses  are  governed  by  the  methods  of  transportation.  It  is  generally  specified  that  a  tnm 
or  girder,  which  is  to  be  shipped  by  train,  must  have  one  dimension  not  exceeding  from  10  te 
12  ft.  Trusses  with  a  greater  least  dimension  than  that  mentioned  must  be  broken  up  iste 
smaller  parts.  The  truss  imder  consideration  in  this  design  will  have  a  total  height,  whick  i 
its  least  dimension,  of  about  13  ft.  It  must  then  be  broken  up  into  smaller  parts.  For  tnan 
of  the  type  under  consideration,  it  is  usual  to  provide  field  splices  at  joints  g,  e,  and  h  of  the  trai 
diagram  of  Fig.  181.  The  least  width  of  the  pieces  thus  formed  will  be  the  distance  along  mee- 
ber  c-Qj  which  is  about  8  ft.  Continuous  members  will  then  be  used  for  the  top  chord  monls 
a  to  e;  the  bottom  chord  from  a  to  ^;  and  the  diagonal  from  g%oe.  Member  g-k  will  be  shipfid 
as  a  single  piece. 

Design  of  Tension  Members, — The  maximum  stress  in  the  bottom  chord  member  from  o  tc 
g  occurs  in  the  section  a-/,  where  the  stress  is  28,315  lb  For  a  working  stress  of  16,000  Ib.pe 
sq.  in.,  the  required  net  area  is  28,315/16,000  »  1.77  sq.  in.  An  angle  must  now  be  seleeted 
whose  net  area — ^that  is,  the  area  of  the  section  minus  the  area  of  the  rivet  holes — will  pioTidr 
the  required  area.  As  stated  in  Art.  148,  the  rivets  are  to  be  ^  in.  in  diameter,  and  the  lim 
holes  are  to  be  made  }i  in.  larger,  or  J4  in*  The  area  to  be  subtracted  from  the  gross  area  of  tk 
section  in  determining  net  area  is  then  the  thickness  of  the  material  multiplied  by  J^.  Ilr 
number  of  rivet  holes  to  be  subtracted  from  each  angle  in  the  determination  of  the  net  vm 
depends  on  the  type  of  end  connection  used  for  the  member  in  question.  When  an  angle  is 
connected  by  both  legs,  the  area  of  two  rivet  holes  should  be  deducted  from  each  leg  so  a»- 
nected,  or  the  distance  between  the  rivets  in  the  two  legs  of  the  angle  should  be  made  such  ihsi 
it  will  be  necessary  to  deduct  but  one  rivet  hole.  Tables  of  limiting  spacing  for  this  conditki 
are  given  in  the  chapter  on  Splices  and  Connections — Steel  Members. 

Fis.  189  shows  the  details  of  joint  a  as  adopted  for  this  design.  The  bottom  chord  member  is  shown  ai  ea 
nected  by  one  leg.  One  rivet  hole  will  then  be  deducted  from  each  angle.  Assuming  two  2>^  X  2M  X  H-*- 
angles,  whose  gross  area  as  given  by  the  handbooks  is  2  X  1.19  *  2.38  sq.  in.,  and  deducting  one  rivet  hole  tnm 
each  angle,  or  a  total  of  2  X  ^  X  K  "  0.44  sq.  in.,  the  net  area  of  the  two  angles  is  2.38  —  0.44  ">  1.94  sq.  a. 
As  given  above,  the  required  area  is  1.77  sq.  in.  The  assumed  section  is  therefore  ample,  and  will  be  adopted.  Te 
assist  in  the  determination  of  the  net  area  of  members,  tables  of  areas  to  be  deducted  for  various  rivet  staei  isl 
thicknesses  of  material  are  given  in  Sect.  2. 

Member  f-ff  will  be  made  the  same  as  a-f.  From  Fig.  188,  it  will  be  noted  that  the  member  is  connected  b? 
both  legs.  Assuming  two  rivet  holes  deducted  from  each  angle,  the  net  area  of  the  section  is  2.38  —  4  X  0J2  ■ 
1.50  sq.  in.  As  shown  in  Table  2,  the  required  net  area  is  24,270/16,000  "  1.52  sq.  in.  Smce  the  net  area  for  tn 
rivets  deducted  from  each  angle  is  practically  the  same  as  the  required  area,  the  rivets  can  be  spaced  as  deoind. 
If  the  proper  area  is  not  provided  in  any  case,  either  larger  angles  must  be  assumed,  or  the  distance  between  ik 
rivets  in  the  two  legs  of  the  angles  must  be  such  that  only  one  rivet  hole  need  be  deducted  from  each  aa^  e 
determining  net  areas. 

Fig.  190  shows  another  design  for  the  joint  at  a.  It  will  be  noted  that  member  a-f  has  rivets  in  both  kp. 
Deducting  four  rivet  holes  from  the  assumed  section,  the  net  area  is  found  to  be  2.38  —  0.88  —  1.50  sq.  in.  Tb 
assumed  section  is  too  small.  It  will  be  found  that  a  2}i  X  2}i  X  Me-in.  angle  will  provide  the  required  an. 
However,  this  section  is  somewhat  heavier  than  the  lightest  of  the  d-in.  sections.  If  a  3  X  2H  X  yi-io..  angfe  bt 
assumed,  it  will  be  found  that  the  net  area  with  two  holes  deducted  from  each  angle  is  2  (1.31  —  2  X  0.22)  >  LTi 
sq.  in.,  which  is  sufficient.     This  section  would  be  adopted  if  the  design  of  Fig.  190  were  used. 

Members  g-h  and  h-e  are  made  continuous.  Table  2  shows  that  2H  X  2H  X  K-in*  angles  are  used.  The* 
angl^  provide  considerable  excess  area,  but  from  the  conditions  of  the  design,  as  given  in  Art.  148,  they  are  tk 
minimum  allowable  angles.  The  remaining  tension  members  are  designed  by  the  methods  explained  above.  Tsfak 
2  contains  all  data  in  convenient  form. 

Design  of  Compression  Members. — CJompression  members  are  designed  by  cut-and-tiT 
methods.  That  is,  a  section  is  assumed,  the  allowable  working  stress  calculated  from  the  col- 
umn formula,  the  required  area  determined,  and  the  required  and  provided  areas  comparei. 
The  assumed  section  is  adopted  if  the  area  provided  is  equal  to  that  required.  It  is  not  alwan 
possible  to  obtain  an  exact  fit,  but  the  two  areas  should  not  differ  any  more  than  is  neceaBazj. 
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If  the  assumed  section  is  insufficient,  or  if  it  provides  excess  area,  the  process  must  be 
repeated  until  the  desired  agreement  is  obtained.  Gross  or  total  section  areas  are  used  in 
the  design  of  compression  members;  rivet  holes  are  not  deducted,  as  in  the  case  of  tension 
members. 

The  top  chord  will  be  made  continuous  from  a  to  e.  Ab  shown  in  Table  2,  the  maximum  stress,  which  is 
31,6<M)  lb.,  occurs  in  member  a-^.  Assume  two  3H  X  3  X  Ms-in.  angles,  placed  as  shown  in  Fig.  183.  Since  the 
allowable  working  stress  depends  on  the  ratio  of  length  to  least  radius  of  gyration,  the  angles  should  be  so  placed 
that  the  radii  of  gyration  for  the  axes  OX  and  OF  of  Fig.  183  will  be  as  large  as  possible,  and  also,  the  radii  for 
the  two  axes  should  be  as  nearly  equal  as  the  conditions  will  permit.  In  this  way  a  member  is  secured  which  has 
the  same  rigidity  in  all  directions.  This  condition  can  best  be  realized  by  the  use  of  angles  with  unequal  legs  placed 
with  the  longer  legs  back  to  back.  In  Fig.  183  the  angles  are  shown  separated  by 
a  small  space.  This  is  done  to  make  room  for  the  gusset  plates  at  the  joints,  as 
explained  in  the  chapter  on  Roof  Trusses — General  Design.  For  trusses  of  the 
siae  under  consideration,  a  ^-in.  space  is  ample. 

The  radii  of  gyration  for  angles  placed  as  shown  in  Fig.  183  can  be  found  in 
tables  given  in  the  steel  handbooks.  From  such  tables  it  will  be  found  that  the 
radii  are  1.10  in.  for  axis  OX  and  1.35  in.  for  axis  OY.  From  Table  2  the  length 
of  member  ar-6  is  84  in.  Hence  the  ratio  of  length  to  least  radius  of  gyration  is 
l/r  -  84/110  -  76.fi.  Substituting  this  value  of  l/r  in  the  column  formula  of 
Art.  148,  the  allowable  working  stress  is  16.000  -  70  l/r  -  16,000  -  70  X  76.5  « 

10,650  lb.  per  sq.  in.  The  area  required  is  31,660/10,650  «  2.97  sq.  in.  From  the  steel  handbooks,  the  area  of 
the  assumed  angles  is  2  X  1.93  -*  3.86  sq.  in.  The  assumed  section  is  a  little  too  large,  but  no  other  section  of 
leas  weight  per  foot  could  be  found  that  would  bring  a  closer  agreement  between  required  and  provided  areas. 
It  was  therefore  adopted. 

The  top  chord  design  as  given  above  applies  to  members  carrying  compression  only.  If  the  piu'lins  are  placed 
between  the  panel  points,  the  top  chord  acts  as  a  beam  as  well  as  a  compression  member.  Design  methods  for  this 
condition  are  given  in  Art.  158. 

Td^le  2  gives  the  design  data  for  the  other  compression  members.  The  design  methods  used  are  exactly  the 
same  as  those  given  above  for  member  <i-6.  Sections  of  minimum  sise  were  adopted,  consisting  of  two  2H  X  2 
X  >^-in.  angles  with  the  longer  legs  separated  by  a  f^-in.  space. 


Tablb  2. — Design  op  Membebs 
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166.  Design  of  Joints. — The  general  principles  of  joint  design  are  given  in  the  etmpUsz 
Roof  Trusses — General  Design,  and  Splices  and  Connections — Steel  Members.  Well 
joints  are  just  as  important  as  well  designed  members.  To  secure  good  joint  design,  a > 
fundamental  principles  of  design  must  be  observed.  The  center  lines  of  all  members  entcx 
a  joint  must  intersect  at  a  common  point.  If  the  conditions  are  such  that  this  can  not  be  i* 
provision  must  be  made  for  the  additional  stresses  due  to  joint  eccentricity.  All  stresses^ 
be  traced  through  the  joint,  and  proper  connections  made  between  all  parts.  Topical 
details  are  given  in  the  chapter  on  Roof  Trusses — General  Design. 

In  trusses  of  the  size  under  consideration  in  this  design,  the  angles  are  usually 
to  the  gusset  plates  by  means  of  rivets  through  one  leg  only,  as  shown  in  Figs.  184  to  196» 
elusive.  Theoretically,  this  is  not  good  practice,  for  all  of  the  stress  is  transferred  to  v 
gusset  plate  through  one  angle  leg,  resulting  in  excess  local  stresses.  However,  in  small  trj? 
the  members  generally  contain  more  area  than  required  for  stress  conditions,  which 
carrying  the  excess  stresses.  In  larger  trusses  lug  angles  are  riveted  to  the  gusset  plate  aad*- 
the  outstanding  legs  of  the  angles,  thereby  transferring  the  stresses  from  both  legs  of  the 
into  the  gusset  plate  and  avoiding  excessive  local  stresses. 

The  number  of  rivets  required  in  the  end  connection  of  any  member  depends  on  the 
ing  stresses  for  the  rivets  and  on  the  method  of  making  the  connection  to  the  gusset  plate.   ! 
principles  governing  the  design  of  riveted  joints  are  given  in  the  chapter  on  Splices  and  C 
nections — Steel  Members. 

As  stated  in  Art.  148,  the  working  stresses  for  shop  rivets  are  10,000  lb.  per  sq.  in.  fors^ 
and  20,000  lb.  per  sq.  in.  for  bearing.  Corresponding  values  for  field  rivets  are  given  as  TH 
and  15,000  lb.  per  sq.  in.  respectively.  Tables  of  rivet  values  are  given  in  the  chapter  on  S^. 
and  Connections — Steel  Members,  and  also  in  the  steel  handbooks.  From  these  table!  > 
single  shear  values  of  J^-in.  shop  and  field  rivets  are  4420  and  3310  lb.  respectively.  Thel« 
ing  value  of  a  rivet  depends  on  the  thickness  of  the  gusset  plate.     For  trusses  of  the  siienEi 

consideration,  a  ^-in.  plate  is  usually  &&> 
In  any  case  the  adopted  thickness  should  3 
such  that  large  gusset  plates  can  be  avo^ 
For  a  ?^-in.  plate,  the  bearing  of  a  ?i-m.^ 
rivet  is  5625  lb.,  and  the  corresponding  valued 
a  field  rivet  is  4220  lb.  The  design  of  theanrs 
joints  will  now  be  considered  in  detail. 

Joint  b, — Fig.  184  shows  the  details  of  jcisi: 
The  stresses  in  the  members  and  the  panel  load  i 
joint  b  are  shown  in  position.  As  shown  by  xi 
force  diagram,  the  stress  in  member  b-f  is  balm 
by  the  component  of  the  joint  load  perpendini 
to  the  top  chord,  and  the  difference  between  ti 
stresses  in  the  top  chord  members  Orh  and  h<i 
balanced  by  the  component  of  the  joint  bj 
parallel  to  the  top  chord.  The  complete  dcafl 
of  the  joint  therefore  consists  in  transferring  the  stress  in  member  b-f  to  the  gusset  plate  a 
thence  to  the  top  chord  angles;  and  also  in  equalizing  the  difference  in  stress  between  memM 
Orb  and  b-f  by  means  of  a  purlin  connection. 

Member  h-f,  whose  stress  is  3620  lb.,  is  connected  to  the  gusset  plate  by  shop  rivets  in  bearing  on  the  V< 
plate.  The  value  of  these  rivets,  as  given  above,  is  5625  lb.  per  rivet,  and  the  number  required  to  connert  h'l 
the  gusset  plate  is  3620/5625  «  1  rivet.  Since  a  rigid  connection  can  not  be  made  with  a  single  rivet,  it  >  a 
general  practice  to  use  not  less  than  two  rivets  in  any  connection.  Two  rivets  have  therefore  been  used  a  a 
connection  shown  in  Fig.  184. 

The  load  to  be  transferred  from  the  gusset  plate  to  the  top  chord  angles  is  equal  to  the  streoB  in  membtf*^ 
Since  the  conditions  are  the  same  as  for  the  connection  between  h-f  and  the  gusset  plate,  two  rivets  will  be  \mM 
shown  in  Fig.  184. 

Member  a-6-c,  the  top  chord,  is  continuous  across  joint  b.  As  shown  by  the  force  diagram,  the  dfffeRS<«i 
stress  between  members  a-6  and  b-c,  which  is  31,660  —  29,850  —  1,810  lb.,  is  balanced  by  the  component  oiij 
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joint  load  parallel  to  the  top  chord.  To  equalise  the  Btreases  in  orh  and  6-c,  rivets  capable  of  transferrins  1810  lb. 
from  the  purlin  to  the  top  chord  must  be  placed  in  position.  These  rivets  will  be  placed  in  the  outstanding  leg  of 
the  clip  angle  and  in  the  flange  of  the  channel,  as  shown  in  Fig.  184. ,  The  value  of  the  connecting  rivets  is  deter- 
mined either  by  their  single  shear  value  as  shop  rivets,  which  is  4420  lb.,  or  by  the  bearing  value  on  the  leg  of  the 
Hs-in.  dip  angle,  which  is  4690  lb.  The  single  shear  value  governs,  and  only  one  rivet  is  required  in  the  purlin 
connection.  In  order  to  make  a  rigid  connection,  it  will  be  necessary  to  use  two  rivets  in  the  clip  angle  and  two  more 
in  the  flange  of  the  channeL  Fig.  184  shows  the  complete  details.  Joint  d  is  similar  to  joint  h\  the  same  details 
wiD  be  used. 

Joint  c. — ^Fig.  185  showB  the  details  of  joint  c.  The  design  of  this  joint  is  carried  out  by 
the  same  methods  as  used  for  joint  &.  In  this  case  the  stresses  in  members  /-c,  g-c^  and  hrCy 
are  transferred  to  the  gusset  plate,  and  the  resultant  of  these  stresses,  which  can  be  seen  from 
Fig.  185  to  be  7240  -  2  X  1810  ==  3620  lb.,  is  to  be  transferred  to  the  top  chord  angles. 

As  before,  the  rivets  connecting  the  angles  to  the  gusset  plate  are  in  bearing  on  a  M-in.  plate  and  have  a  value 
of  5626  lb.  per  rivet.  One  rivet  is  required  for  members /-c  and  A-c,  and  two  rivets  are  required  for  o-  c.  Two  rivets 
are  used  in  each  member,  as  shown  in  Fig.  185.  The  stress  of  3620  lb.,  which  is  to  be  transferred  from  the  gusset 
plate  to  the  top  chord,  will  require  only  one  rivet,  as  at  joint  h.  To  secure  a  rigid  connection,  5  rivets  have  been 
used,  spacfxi  about  4  in.  apart,  as  shown  in  Fig.  185. 

The  load  to  be  transferred  by  the  purlin  connection  to  the  top  chord  angles  is  the  same  as  for  joint  6,  as  shown 
by  the  force  diagram.    Details  similar  to  those  at  joint  h  will  be  used,  as  shown  in  Fig.  185. 


Jotnf  C 


Fig.  185. 


Joint  f 

Fig.  186. 


Joint  f. — ^The  conditions  at  joint  /  are  shown  in  Pig.  186.  As  before,  the  chord  members  are 
continuous  across  the  joint.  The  design  of  the  joint  consists  in  transferring  the  stresses 
in  the  members  c-/  and  h-f  to  the  gusset  plate  and  thence  to  the  chord  angles,  and  in  equalizing 
the  stresses  in  members  a-f  and  f-g.  Since  double  angles  are  used  for  all  members,  and  the 
gusset  plate  is  ^-in.  thick,  the  rivet  value  is  5625  lb.,  as  before.  A  single  rivet  is  sufficient 
to  transfer  the  stresses  from  members  h-f  and  c-f  to  the  gusset  plate.  Two  rivets  have  been 
used  in  each  member,  in  order  to  make  a  rigid  connection. 

As  shown  by  the  force  diagram  of  Fig.  186,  the  stresses  in  h-f  and  c-f  have  components  perpendicular  to  the 
chord  member  which  balance  each  other,  and  have  components  parallel  to  the  chord  member  whoee  sum  is  equal 
to  the  difference  in  stresses  in  the  chord  members.  The  rivets  connecting  the  gusset  plate  to  the  chord  angles 
must  then  be  capable  of  transferring  a  load  of  28,315  —  24,270  «  4045  lb.  A  single  rivet  is  sufficient,  but  the  gen- 
era] practice  is  to  use  the  detail  shown  in  Fig.  186.  One  rivet  in  placed  at  the  intersection  of  the  center  lines  of 
the  members,  and  other  rivets  are  placed  near  the  edges  of  the  plate,  as  shown  in  Fig.  186.  Joint  h  is  similar  to 
joint  /.     The  same  details  will  be  used. 

Joint  e. — Fig.  187  shows  the  conditions  at  joint  e.  The  purlin  load  at  this  joint  can  be 
considered  either  as  a  single  vertical  load,  as  shown  by  the  full  line  arrow  of  Fig.  187, 
or  as  two  loads,  shown  by  the  dotted  arrows,  whose  resultant  is  equal  to  the  single  load.  The 
design  methods  are  the  same  in  the  two  cases. 

As  noted  early  in  this  article,  a  field  splice  will  be  located  at  joint  e.  One  side  of  the  joint 
will  be  riveted  up  in  the  shop,  and  the  rivets  or  bolts  in  the  other  side  of  the  joint 
wiU  be  placed  in  position  when  the  truss  is  assembled  in  the  field.  In  order  that  a  symmetrical 
joint  may  be  made,  the  rivet  values  will  be  determined  as  for  field  rivets,  and  the  same  niunber 
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will  be  used  for  both  shop  and  field  riveta.     The  connection  will  then  be  made  witb  fidd  m 
in  bearing  on  a  ^-in.  plate.     These  riveta  have  a  value  of  4220  lb.,  as  given  above. 


The  d«icD  of  thia  joint  coiuiBta  it 

•r  member  A-e,  whoH  atrou  it  12,131 
T.    Tba  liMd  broucht  to  Uio  ioint  t 
sd  at  the  other  jointa.     If  m  nngle  vertirol 
net  pUle  forma  >  aaliefactory  coDneetioi 
oilar  to  thoM  ahoRn  for  ioints  Ii  und  c  can 


tnuiHferring  to  the  guaiet  ptate,  the  atreaaa  in  the  aevefBl  memi 
Member  tJ-c,  whose  attna  i>  36,330  lb..  r«iiiina  2B.230/4230  - 1 ». 
lb..  13,135/4220  -  3  riveta  are  required;  they  ore  ahDwn  in  pnilMah 
V  the  purlin  will  bo  prorided  (or  by  Ricaoa  of  a  «iniHnitiini  aiuairtiB 
rtif at  purlin  ia  used,  a  auitable  bearini  plate,  orahelf  ugkaaltaiMal 
HtioD.  Where  two  purlina  are  used  at  the  apsi  of  the  tnim.  mam 
uaed.     Oeneral  detaila  otpuiEn  oounectioiu  are  ahmraiaAit:: 


Jpirrt    g 
Pia.  ise. 

Joint  g. — Fig.  ISS  shows  the  details  of  joint  g.  Member  g-k  is  field  spliced  at  UiitpqK 
all  other  members  entering  the  joint  are  shop  riveted.  The  splice  in  the  bottom  choid  marie 
con  be  made  in  two  ways.  In  one  case,  the  atreeses  in  the  members  arc  transferred  dimi 
to  the  KUBset  plate  by  means  of  rivets  in  the  vertical  legs  of  the  angles.  This  method  ii  sa 
factory  where  the  stresses  in  the  members  are  small.  Where  large  etresses  aretobetrawfiffl 
to  the  gusset  plates,  the  joint  is  likely  to  bo  quite  large  if  this  method  la  used.  To  avoid  \i^ 
plates,  the  joint  detail  shown  in  Fig.  188  is  generally  used.  This  joint  consists  of  a  splice  pbi 
on  the  horisontal  legs  of  the  angles  in  addition  to  the  rivets  placed  in  the  vertical  tegs,  h^ 
way  part  of  the  stress  is  carried  by  the  splice  plate,  thereby  reducing  the  stresses  to  betw 
ferred  by  the  vertical  legs  of  the  angles  to  the  gusset  plate. 


The  design  of  joint  a  conaiatB  in  tranalerrini  i 
proTiaion  ol  a  partially  oontinuoua  bottom  ohord 
a  BpUce  pbil«  and  the  balance  of  the  atreaa  ia  trai 
riveta  in  membera  Q~c  and  s-h  are  shop  riveta  in  bi 
rivet.  Member  e-g  requirea  7240/SezS  -  2  riv> 
podtion  in  Fix.  1S3.  In  determiaing  the  amount 
the  horiioDUI  let*  of  the  bottom  chord  aoglea,  i 
the  atrenea,  A  common  and  leaMnable  aaaumpt 
the  area  of  the  member,  and  hence  in  thia  caae  the 
equal  lega.     It  ia  then  aaaumed  that  the 


ember  in  which  part  of  the  atreaa  ia  carried  arouBd  thi  jM*! 
iferred  directly  to  the  (uoet  plate.  Aa  abown  in  Fk-  IA* 
.ring  on  a  M-in.  plate.  Tbeee  riveta  have  a  valueol  SCKbli 
a,  and  0-h  requiroa  8000/5629  •  3  riveta;  theyaicikini 
if  att«M  to  be  tranaferred  acroea  the  joint  by  the  aplice  gh» 
irtaia  aaaumptiona  muat  be  made  regarding  the  diftnbQ»< 
ix  ia  that  the  atreaa  in  member  o-lt  la  uniformly  diatntuM  ff 
tTFflaeein  the  two  lega  of  the  angle  are  equal,  unce  tbr  iBihki 
>f  the  angle*  ia  tranaferred  to  tiie  t^&a  ^ 


Member  /-«  ia  ai 

tranaferred  to  the  iplice  plate  b 

aaaumed  to  be  tmnaferrrd  to  the 


How( 


On  the  aaaumptiona  made  above,  the  atreaa  in  the  vertical 
ie,lS0/2  -  8090  lb.  Since  member  o-t  ia  field  spliced  at  thia 
in  bearing  on  a  H-in.  plate;  they  have  a  value  of  4220  lb.  p( 
whieh  an  ahowa  in  poaitioa  In  Hg.  ISS.     The  atreaa  of  BOOO  It 


le  vertical  logi  of  the  anglea  ia  carried  directly  to  the  (unit  M 
iferred  to  the  aplice  plate  a  portion  of  iCa  atreaa  whieh  ia  equal  to  tlK^ 
e  horiiontal  lega  of  member  t~k.  The  balance  of  the  atreaa  in  duiIx.''' 
act  plata  through  the  verijeal  lega  of  the  angle*  of  tnembei /-«.  Bia"* 
at  In  t-k,  it  follows  that  there  will  uaually  be  an  uneven  diatributicail^ 
-g,  unleaa  the  member  ia  made  up  of  unequal  legged  anglea  in  wliicfi  Ut^ 
t.  In  the  preaent  caae  equal  legged  anglea  are  uaed.  and  uneqiial  itp*  > 
Bible  to  connect  angles  by  one  leg,  the  coaiiihV 


lega  of  the  anglea  of  mi 
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to  tlis  ipliiH  ptate  br  Aald  rlraU  whloh  mn  «itba  in  alnclB  ibetx  «  in  beuliic  on  tbo  H-in.  mntartal  oomiHalnc  the 
ui(laa  nut  llu  ipliiie  pbla.  From  the  Ubtes  of  riv>(  valuaa,  tlie  field  iheuinc  vnlue  of  >  rivet  ia  3310  lb.,  uid  the 
Bdd  bawiBf  nlue  for  *  ^-in.  pUte  ii  3S10  [b.  The  latter  vnJue  (dtsu  nnd  the  number  required  ia  SO0O/2SIO  - 
3  rivflla.    As  ihown  in  Fig.  IBS.  four  nre  UHd.  two  in  eich  anale. 

The  atrMi  in  member  /-«  ia  24.270  lb.,  of  whish  SOBO  lb.  ii  tkken  up  by  the  ipUoe  plate,  ai  aHumed  above. 
There  U  then  left  M,370  -  8090  -  16.180  lb.  to  be  tnuuferred  from  the  vertical  Ibd  of  the  anilM  to  the  (Unet 
plate.  The  eonneiitlni  riveta  are  ahop  riveti  in  beaHnc  on  a  N-in.  plate,  and  have  a  value  of  MU  lb.  per  rivet. 
Thensmberr«)uindkie,lS0/Se2B  -  3,  which  are  shown  in  poaitioo  in  Fi(.  188. 

The  Iplioe  plate  on  tbe  horiiontal  loce  of  the  chord  anclee  muat  have  euffioient  net  area  to  provide  for  Ibe 
Mnm  to  be  carried  acriH  the  Joint.  Thk  atrta  ii  80B0  lb.,  and  the  required  net  aroi  ia  8090/16.000  -  0.60A  sq. 
in.  Aaaumlnc  a  ptale  H-in.  thick  end  SH  in.  wide,  wUch  ia  eliahtly  in  uewa  of  the  eprrsd  of  the  lower  chord 
an^n,  the  net  ana;  deductinc  two  rivet  holaa.  i*  (S.fl  -  2  X  K1  M  -  3.Tfi  sq.  In.  The  aaaumed  plate  provid«a 
a  larve  eione  area,  but  it  ia  the  amallMt  plate  that  e&n  be  uaed  under  the  eonditione  for  the  deaisn  atated  in  Art. 
148. 

Joint  a. — Two  dedgna  mil  he  given  for  joint  a,  the  heel  of  the  truaa.  Fig.  189  shows  & 
design  in  which  the  stresses  in  the  chord  members  and  the  shoe  are  brought  directly  to  the  gusset 
plate.  In  the  design  bhown  in  Fig.  190, 
the  bottom  chord  member  is  prolonged 
and  acts  OS  a  support  for  the  shoe.  The 
riveta  must  then  carry  the  vertical  end 
reaction  and  the  horiiontal  tension  in 
tbe  chord  member.  These  designs  will 
be  carried  out  in  detail.  s^,^ 

In  the  dedsn  ahown  in  FIs.  18B.  all  memben     -.^ 
are  «niB»t«]  to  tb*  guaaet  pUle  by  ehop  riveta    JteSrv/ k   I   ;-li 
Id  beoriDC  on  ■  M-in.  I^te-    The  rivet  value  ia      plaV      '.^J^r 
Uwo  Sd2a  lb.     Member  b-a  nqnirea  31.ee0/Se2G 

-  e  rireta.  and  member  i>-/raquirea28,31S/H26  Jolnf  a 

-  Sriveta;  tfaeee  are  ehown  Id  plaoe  in  Fie.  189.  ^f^tM^' 
The  vertteal  end  reaetion  i«  orried  to  the  luaaet                                    "'    "• 

are  connected  to  the  plate  br  ehop  rivete   in 

bearinc.      At   the    luaaet    plate  doai  not  bear 

directly  on  the  sole  plate,  the  riveta  muat  oairr 

the  entire  reaction  to  the  (uaeet  plate.     From  Fia.  ISO. 

Art.    lU,  the  panel  load  tor  the  loodina  dvim 

maximom  atnmaa  in  the  memben  ia  4HS  lb.,  and  the  end  naolion  ■  4  X  4M«  -  10,180  lb.    The  nnmber  of 

plaoe.  Tbe  number  w»e  increaeed  to  four  in  order  to  bind  the  shoe  anclee  more  Grmly  to  the  gueeet  piste,  aa  thi, 
aoidea  were  aaaumed  to  be  12  in.  louf. 

The  beating  ana  on  the  maeonry  waDa  ia  deteminad  from  the  allDwable  beariui  prceeure,  whleh  ie  civen  in 
Art.  148  aa  200  lb.  per  eq,  in.  For  tbe  and  reaction  given  above,  the  required  area  la  16,180/200  -  80.»Bq.lD. 
nnoetbeahoeanile*arel2in.  lone,  the  lequind  width  of  bearinsia  80.11/12  -  e.T4  in.  Two  3M  X  3M  X  H-ln. 
an^«  will  be  ueed.  which  will  furnish  a  width  of  7  in.  It  ie  Ihe  general  pracUce  in  root  truae  conatructicn  to  rivet 
a  sole  pistil  to  tha  under  side  of  tbe  shoe  aoclaa.  sni 
bade  wider  than  the  shoe  sPAlaa,  in  order  to  prov 
angles,  as  ehown  in  Fie.  189.  A  plate  about  12  In.  v 
The  thiclcuees  of  tbe  vole  and  msaoory  plslce  piu«b  I 
pmaaura  en  the  portion  of  the  plaice  which  overhani 
as  a  cantilever  beam  scted  on  by  s  uniform  load  equal  U 

and  the  unit  preeaura  ia  1B.I80/144  -  112.2  lb.  p 

faeodini  mament  at  the  edge  of  (he  anale  is  then  H(2H*  : 

are  two  platea  under  the  ahoe  aniiea.  it ' 

>«quired  thickness  for  earh  plate  can  be  determined  from  th 

M  -  bendini  moment  per  pUte.  which  is  I.Win -lb;  ft  -  .-idth  of  plate  under  consideration,  which  ia  one  Inch: 

and/  -  allonbleworldngatrfM.  whiohblS.OODIb.  peraq.  in.     Then 

d  -  (6  X  lSO/ie.O00)H   -  0.937  in. 
Eaoh  plate  wiO  be  made  M  in.  thick,  ss  this  ia  the  thickneis  of  piste  gcneially  used  in  practice. 

The  derign  of  tha  Joint  shown  in  Elg.  190  {<•)  differs  from  the  cue  given  for  the  arrsngenient  ehown  in  Fig,  189 

tha  ohonl  strca  do  not  have  tha  aame  line  of  action,  the  riveta  must  b«  designed  to  carry  Ihe  resultant  of  these 
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forces.    This  rosultont  is  (16,180*  +  28,316s)^  -  32,600  lb.    The  rivets  are  in  bearing  on  a  ^-in.  plate, 
value  is  6625  lb.  per  rivet;  the  number  required  is  32,600/5625  «  6  rivets.    Fig.  190  (a)  shows  the  xequind 
in  place.    It  is  desirable  that  these  rivets  be  placed  symmetrically  with  respect  to  the  interaection  of  the 
of  the  members.    This  is  not  always  possible,  due  to  insufficient  room  at  the  end  of  the  chord  member.    Thr*! 
neetion  is  therefore  eccentric,  and  the  rivets  are  subjected  to  additional  stresses  due  to  the  indoeed 
In  general,  the  eccentricity,  if  unavoidable,  should  be  kept  as  small  as  possible. 

The  stresses  due  to  eooentrioity  are  usually  not  calculated  in  practice.     If  desired,  they  can  be 
the  methods  given  on  page  289.     These  methods  will  now  be  applied  to  the  arrangement  shown  in  Hft-  Vk 
The  rivets  are  subjected  to  a  horisontal  load  due  to  the  stress  in  the  bottom  chord  member,  which  is  eonadmdfei 
equally  divided  among  the  rivets,  and  to  a  vertical  load  which  can  be  divided  into  parts.     One  part  is  dae  k  i 

vertical  reaction,  assumed  to  be  uniformly  distributed  over  tiie  rinta. 
^K^*a  second  part  due  to  the  eccentric  moment.     Fig.  (6)  ahowa  the  aai 
\^'^  distribution  of  this  latter  part  of  the  stress.      It  can  be  shown  tliat  tkai 
on  the  end  rivets   a  and  /,  due  to  the  eccentric  moment,  is  gives  It  t 
formula,  r  »  Mc/  2z*,  where  r  >"  stress  on  rivet,  M  ■>  moment  doe  tc 
trioity,  e  ~  distance  from  center  of  gravity  of  rivet  group  to  end  rivet. 
»  distance  from  center  of  gravity  of  rivet  group  to  any  rivet.     Frafi 
190,  it  can  be  seen  that  the  eccentricity  of  the  connection  is  oor-Uf 
rivet  space,  or  IH  in.     The  eccentric  moment  is  then,  M  »  16,180  X 1 
18,200  in.-lb.     If  the  rivet  spacing  be  taken  as  the  unit  distance,  r  ■>  24 


•  J  nam? 


'N. 


Joinl"  a 

(") 


r*«  -  2(0.5*  +  1.5«  +  2.6»)  -  17.5 


With  these  values  we  have,  r  -  18,200  X  2.5/17.5  »  2600  lb.  Tksbl 
acts  upward  on  rivet  o  and  downward  on  rivet  /,  as  shown  in  Fig.  (i).  'a 
vertical  load  on  rivet  a  due  to  the  reaction  is  also  an  upward  load,  vi\ 
amount  is  16,180/6  -<  2700  lb.,  giving  a  total  vertical  loadofSH* 
2600  »  5300  lb.  on  rivet  a.  All  other  rivets  have  smaller  loads*  ths  i 
rivet  /  being  the  difference  of  the  above  values,  or  100  lb.  These  vihi»s 
to  be  combined  with  the  loads  brought  to  the  rivets  by  the  sties  s  s 
chord  member,  which  is  28,315/  6  -  4720  lb.  per  rivet.  The 
stress  on  rivet  a  is  (5300*  +  4720*)  >^  -  7070  lb.,  and  that  oa  nrct 
(4720*  +  100*)  H  -  47301b.  Values  for  other  rivets  vary 
two  extreme  values. 

Since  the  allowable  stress  on  a  rivet  for  a  H-in.  gusset  plate  is  5CSL 

the  end  rivet  is  overstressed.     This  can  be  relieved,  either  by  redodif  3 

eccentricity,  which  is  not  possible  in  this  case,  or  by  increasing  the  tUria 

of  the  gusset  plate.     From  the  tables  of  rivet  values,  it  will  be  found  that  if  the  thickness  of  the  gusset  plate  hri 

creased  to  H  in.,  the  bearing  value  of  the  rivet  will  be  7500  lb.     The  rivets  are  then  not  overstressed,  lad 

design  is  satisfactory.     Other  features  of  the  design  are  the  same  as  for  Fig.  189. 

The  purlin  connection  for  the  design  of  Fig.  189  is  the  same  as  that  for  joints  h  and  c.     In  the  design  of  Hi.  S 
the  top  chord  angles  do  not  provide  proper  support  for  the  purlin.     If  a  purlin  is  used  at  this  point,  a  eos' 
method  of  support  is  provided  by  enlarging  the  gusset  plate  so  that  it  will  carry  a  standard  channel 
as  shown  in  Fig.  (a). 


FiQ.  190. 


166.  Minor  Details. — In  Art.  154,  the  compression  members  were  designed  on  the 
tion  that  the  two  angles  forming  the  member  act  as  a  single  piece.  In  order  that  this  eondii 
may  be  realized  the  angles  must  be  riveted  together  at  short  intervals.  The  distance  betwees 
connecting  rivets,  which  are  known  as  stitch  rivets,  can  be  determined  from  the  conditioo 
for  equal  rigidity  in  all  directions,  the  ratio  of  imsupported  length  to  radius  of  gyration  ftf 
sint^le  angle  must  not  exceed  that  for  the  composite  member,  as  given  in  Table  2  of  Art.  13 
Thus,  if  L  and  R  be  respectively  the  unsupported  length  and  the  radius  of  gyration  for  IheGii 
posite  section,  and  I  and  r  be  the  corresponding  values  for  a  single  angle,  we  have 

I  =  LtIR 

The  value  of  LjR  for  member  a-h  is  given  in  Table  2  of  Art  164  as  76.5.  Prom  thesd 
handbooks  the  value  of  the  least  r  for  a  33^  X  3  X  Jle-in.  angle  is  0.66  in.  Substituting tb« 
values  in  the  above  equation,  we  have,  /  =  76.6  X  0.66  =  60.6  in.  Again,  for  member  H 
LjR  =  53.9,  r  =  0.42,  and  therefore  I  «  63.9  X  0.42  =  22.6  in.  By  the  same  method  hd 
be  found  for  member  c-^  that  Z  =  107.8  X  0.42  =  46.3  in.  In  practice,  these  connecting  infi 
are  spaced  from  2  to  about  2}^  ft.  apart  in  compression  members,  and,  although  not  icqui^ 
for  tension  members,  they  are  generally  provided,  and  are  spaced  from  3  to  3}^  ft  aptii 
The  space  between  the  angles  is  maintained  by  means  of  ring  fills,  or  washers,  through  wiii 
the  rivets  pass. 
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The  ends  of  the  truas  are  fastened  to  the  masonry  walls  by  means  of  anchor  bolts.  For  trusses  of  the  sise  under 
consideration  in  this  design,  anchor  bolts  yi  in.  in  diameter  and  about  2  ft.  long  are  used.  Two  bolts  are  placed  at 
each  end  of  the  truss,  as  shown  in  Fig.  180. 

To  provide  for  the  expansion  of  the  truss  due  to  temperature  changes,  it  is  the  general  practice  to  assume  that 
the  maximum  range  of  temperature  is  150  deg.  With  a  coefficient  of  expansion  for  steel  of  0.0000065,  the  change 
in  length  of  a  50-ft.  truss  is  50  X  150  X  0.0000065  X  12  -  0.585  in.,  or  nearly  H  in-  To  allow  for  this  move- 
ment, the  anchor  bolts  at  one  end  of  the  truss  are  tisually  set  in  slotted  holes.  Allowing  He-in*  clearance  all  around 
the  anchor  bolt,  the  required  length  of  slot  is2XHs  +  ^+H  ~  IM  iii<  In  practice,  a  ^Ms  X  2-in.  slotted 
hole  would  probably  be  provided. 

The  purlin  connection  for  joint  c,  and  for  the  other  top  chord  joints,  has  been  designed  in  Art.  155,  and  is 
shown  in  Fig.  184.  -  As  shown  in  Fig.  184,  the  clip  angle  consists  of  a  short  piece  of  5  X  3H  X  Hs-in.  angle  shop 
riveted  io  the  top  chord  angles.  The  vertical  leg  of  the  clip  angle  should  be  long  enough  to  extend  well  up  on  the 
flange  of  the  channel,  thus  providing  a  means  of  support  which  will  prevent  overturning. 

A  sag  tie  is  sometimes  provided  where  the  length  of  the  bottom  chord  member  o-k  is  such  that  excessive  de- 
flection is  likely  to  occur  due  to  the  weight  of  the  member.  Sag  ties  are  generally  made  of  a  single  angle  of  the 
smallest  sise  allowable  under  the  specifications.  Where  the  pitch  of  the  truss  is  Hi  or  less,  the  use  of  a  sag  tie  is 
advisable. 

167.  Estimated  Weight. — The  truss  members  were  designed  for  dead  load  stresses  de- 
termined from  an  assumed  weight  of  truss  which  was  calculated  from  an  empirical  formula. 
It  is  generally  taken  for  granted  that  the  assumed  weight  is  correct,  and  no  attempt  is  made  to 
calculate  the  ^  eight  of  the  truss  as  designed.  This  procedure  is  allowable,  for,  as  pointed  out 
in  Art.  134,  the  dead  weight  of  trusses  of  the  size  considered  in  this  design  is  a  comparatively 
small  part  of  the  total  load  to  be  carried  by  the  truss.  A  considerable  error  can  then  be  made 
in  estimating  the  dead  load  without  causing  any  appreciable  error  in  the  maximum  stresses. 

In  order  to  check  the  correctness  of  the  dead  weight  formula  used  in  Art.  150,  an  estimate  has  been  made  of  the 
truss  as  designed  in  the  preceding  articles.  Layout  drawings  were  made  of  the  several  joints  and  the  sixes  of  plates 
and  lengths  of  members  determined  from  these  sketches.  Weights  of  members  and  plates  were  taken  as  given  in 
the  steel  handbooks.  The  several  items,  as  estimated,  were:  main  members,  1700  lb.;  gusset  plates,  170  lb.;  clip 
angles,  rivet  heads,  and  ring  fiUs,  120  lb.;  a  total  of  1990  lb.  for  one  truss.  As  the  horisontal  covered  area  for  one 
truss  is  15  X  50  «  750  sq.  ft.,  the  true  weight  of  the  truss  is  1990/750  ~  2.65  lb.  per  sq.  ft.  of  horizontal  covered 
area.  In  Art.  150  the  weight  of  the  truss,  as  estimated  by  the  formula,  is  given  as  2.7  lb.  per  sq.  ft.  The  assumed 
and  calculated  weights  agree  so  closely  that.no  revision  of  stresses  is  necessary. 

168.  Design  of  Top  Chord  for  Bending  and  Direct  Stress. — ^In  certain  cases  the  limiting 
span  of  the  roof  covering  is  such  that  purlins  must  be  placed  between  the  panel  points  of  the  top 
chord.  The  bop  chord  member  is  then  subjected  to  bending  as  well  as  direct  stress,  and  must 
be  designed  as  a  combination  beam  and  column.  To  illustrate  the  design  methods  for  such 
cases,  the  design  of  the  preceding  articles  will  be  modified  by  placing  a  purlin  at  the  center 
point  of  each  top  chord  panel  in  addition  to  those  placed  at  the  panel  points.  Working  con- 
ditions, loadings,  and  allowable  stresses  will  be  taken  as  assumed  in  Art.  148. 

Proceeding  as  in  Art.  152,  using  the  same  type  of  roof  covering,  but  Ytiih.  purlins  spaced  3.5 
ft.  apart,  it  will  be  found  that  the  required  purlin  section  is  a  6-in.  8-lb.  channel,  which  is  the 
minimum  section  allowed  under  the  conditions  of  Art.  148.  This  change  in  the  purlin  arrange- 
ment will  cause  a  slight  increase  in  the  dead  load  stresses.  However,  for  the  purposes  of  this 
design,  it  i»ill  be  assumed  that  the  stresses  in  the  members  are  unchanged,  and  that  the  values 
given  in  Table  1  of  Art.  153  can  be  used  in  the  subsequent  calculations. 

The  chord  section  is  to  be  designed  for  the  same  combinations  of  loading  as  used  in  Art. 
151  for  the  design  of  the  sheathing.  Moments  and  simultaneous  stresses  are  to  be  calculated 
for  these  combinations  of  loading,  and  a  section  chosen  \»hich  will  provide  the  area  required 
by  the  maximum  of  these  conditions  of  loading.  In  calculating  the  moments  due  to  the  applied 
loading,  the  chord  sections  may  be  considered  as  beams  fixed  at  the  ends,  and  the  length  may 
be  taken  as  one  panel.  Based  on  these  assumptions.  Fig.  191  gives  bending  moment  diagrams 
and  moment  coefficients  for  several  loading  conditions.  These  values  were  determined  by  the 
methods  given  in  the  chapter  on  Restrained  and  Continuous  Beam6  in  Sect.  1. 

Fig.  192  shows  the  loading  conditions  for  the  several  combinations  of  loading  given  in  Art. 
183.  These  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  the  chord 
members.  It  can  readily  be  seen  that  the  component  perpendicular  to  the  chord  member  will 
cause  bending  moments  whose  amoimts  can  be  determined  by  means  of  the  coefficients  given 
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in  Fig.  191,  and  that  the  components  parallel  to  top  chord  tend  to  add  to  the  compneflskmiiti 
member.     The  values  given  in  Fig.  192  are  in  lb.  per  sq.  ft.  of  roof  surface. 

fUg.  192  (a)  shows  the  conditions  for  combined  dead,  snow,  and  wind  load  expreaBedai 
uniform  vertical  load.  Since  the  purlins  are  to  be  spaced  3.5  ft.  apart,  the  roof  area  perpukj 
3.5  X  15  »  52.5  sq.  ft.  The  normal  load  is  then  52.5  X  26  »  1365  lb.,  and  the  compoia 
parallel  to  the  chord  member  is  52.5  X  13  =  682  lb.  To  these  loads  must  be  added  Utt» 
responding  components  due  to  the  weight  of  the  purlin.  As  stated  above,  the  adopted  pa 
is  a  6-in.  8-lb.  section.  The  end  reaction  at  each  truss,  due  to  the  weight  of  a  purlin  is  8  x  j 
«  120  lb.;  the  normal  component  of  the  purlin  load  is  120  X  cos  26**  34'  =  107  lb.,  andti 
component  parallel  to  the  top  chord  is  120  X  sin  26®  34'  =  64  lb.     This  gives  a  total  Dom 
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load  of  1365  +  107  =  1472  lb.,  and  a  component  parallel  to  the  top  chord  of  682  +  54  = 
736  lb.  From  col.  9  of  Table  1,  Art.  153,  the  stress  in  member  a-h  for  combined  vertical  W 
ing  is  31,660  lb.  Adding  to  this  stress  the  component  of  load  parallel  to  the  chord  menlM 
the  total  stress  in  member  a-h  is  31,660  +  736  »  32,396  lb.  From  Fig.  191  the  momsi 
at  the  ends  and  at  the  center  of  a  beam  ^ed  at  the  ends  and  loaded  with  a  single  load  piio^ 
at  the  beam  center  are  equal  to  TfZ/S,  i>ositive  moment  at  the  beam  center,  and  negatra 
moment  at  the  ends.  With  W  —  1472  lb*.,  as  calculated  above,  and  /  =  7  ft.,  the  topcbes 
panel  length,  the  moments  are,  M  =  1472  X  7  X  12/8  =  15,480  in.  -lb. 

Fig.  192  (&)  shows  the  components  for  dead  load,  one-half  snow  load,  and  maximum  wid 
load,  and  Fig.  (c)  shows  corresponding  values  for  dead  load,  maximum  snow  load,  and  (i» 
third  wind  load.  These  combinations  correspond  to  case6  (6)  and  (c)  of  Art.  161.  By  then" 
methods  as  used  above,  the  moments  and  the  simultaneous  compression  for  the  three  c(* 
ditions  of  loading  shown  in  Fig.  192  are: 


Condition  of 
loading 
Fig.  (a) 
Fig.  (6) 
Fi«.  (c) 


Maximum 

moment 

15,480  in.-lb. 

18,700  in.-lb. 

18,120  in.-lb. 


Bimultaneous 
compreaaion 

82.396  lb. 

26.895  lb. 

30.654  lb. 
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The  required  chord  section  can  be  determined  by  the  methods  given  in  the  chapter  on 
Ending  and  Direct  Stress  in  Sect.  1.  The  method  there  given  is  applied  to  the  cause  tmder 
oiisideration  by  assuming  a  chord  section  and  calculating  the  maximum  fiber  stresses  due  to 
tie  combinations  of  loadings  given  above.  If  the  calculated  fiber  stresses  agree  closely  with 
^e  allowable  working  valueSi  the  assumed  section  is  accepted.  If  the  calculated  values  are  too 
oiall  or  too  large,  another  trial  must  be  made,  imtil  finally  an  agreement  is  reached  between 
ctual  and  allowable  fiber  stresses. 

A  method  which  leads  more  directly  to  the  desired  section  is  obtained  from  the  following 
Qalysis.  Consider  first  the  case  of  a  column  acted  upon  by  an  axial  load  P.  The  maximum 
tress  on  the  extreme  fibers  of  the  section  is  given  by  the  expression,  /  =  P/A  -|-  Pec/I,  where 
'  »  axial  load;  A  «  area  of  section;  e  —  eccentricity  of  load  application  due  to  imperfect 
entering  of  the  load  and  to  imperfections  in  column  construction ;  c  »  distance  from  column 
snter  to  extreme  fiber ;  and,  /  —  moment  of  inertia  of  the  column  section.  If  Ar*  be  substituted 
>r  /,  where  r  is  the  radius  of  gyration  of  the  section,  the  above  equation  can  be  written  in  the 
>rzny  /  —  f^/A{l  +  ec/r*).     Solving  for  the  required  area,  we  have, 

A  =  Pd-h  ec/r^)/f  (1) 

As  stated  by  eq.  (1),  the  area  of  the  column  section  for  a  given  load  P  Ib  found  by  increasing 
he  load  by  a  certain  percentage,  and  dividing  this  increased  load  by  the  maximum  allowable 
ber  stress  The  general  practice  in  column  design  is  to  use  the  column  load  without  increase, 
nd  to  allow  for  the  term  ec/r^  of  eq.  (1)  by  reducing  the  allowable  working  stress.  This  re- 
action in  working  stress  is  made  by  means  of  a  selected  column  formula.  Eq.  (1)  is  then 
hanged  to  read 

A  =  P/fc  (2) 

rhere  fe  is  the  working  stress  as  given  by  the  column  formula. 

Consider  now  the  case  of  a  column  subjected  to  a  moment  M  in  addition  to  the  axial  load 
*      The  total  stress  on  the  extreme  fibers  of  the  section  will  be 

/  =  P/A  -h  Pe/I  +  Mc/I  =  P/A(l  +  ec/r*)  +  Mc/Ar* 

Solving  for  A,  the  required  area,  we  have 

A  =  P(l  -h  ec/r^)f  +  Mc/fr^ 

t  will  be  noted  that  the  first  term  of  this  expression  is  the  same  as  eq.  (1).  Replacing  this  term 
y  one  of  the  form  of  eq.  (2),  we  have 

A  =  P/fc  -h  Mc/fr^  (3) 

liat  is  the  area  required  for  a  column  subjected  to  bending  and  direct  stress  ia  equal  to  the 
rea  required  as  a  beam  plus  the  area  required  as  a  column;  the  fiber  stress  for  bending  is 
\xe  maximum  allowable,  in  this  case  16,000  lb.  per  sq.  in.,  and  the  fiber  stress  for  column  action  ia 
hat  given  by  the  column  formula,  which  in  this  case  in  16,000  —  70  l/r.  The  value  of  r  is  to  be 
nken  for  the  entire  section. 

In  applying  eq.  (3)  to  the  determination  of  the  section  required  for  the  several  combinations 
f  moment  and  direct  stress  given  above,  it  will  probably  be  found  best  to  make  a  rough  calcu- 
ition  of  area,  using  moments  and  loads  which  are  the  average  of  the  given  values.  Next 
ssume  that  an  angle  with  a  certain  width  of  leg  is  to  be  used.  Approximate  values  of  c  and  r 
an  be  used  in  this  calculation.  From  the  handbooks  it  will  be  found  that  for  unequal  angles 
rith  the  longer  legs  placed  back  to  back,  the  values  of  c  and  r  are  practically  equal  for  an  axis 
larallel  to  the  shorter  legs,  and  that  they  are  approximately  equal  to  K  of  the  length  of  the 
3nger  legs.  On  comparing  the  area  determined  by  the  substitution  of  these  approximate 
[uantities  in  eq.  (3)  with  the  areas  given  in  the  handbooks  for  angles  of  the  assumed  width, 
t  is  possible  to  tell  whether  a  wider  or  narrower  angle  should  be  used. 

For  the  case  imder  consideration,  a  rough  average  of  the  moments  and  direct  loads  is 
\f  a  18,000  in.4b.,  and  P  »  30,000  lb.  Assume  that  a  4-in.  angle  is  to  be  used.  The  approxi- 
aate  values  of  c  and  r  will  be  ^  X  4  »  1.33  in.  In  applying  eq.  (3),  substitutions  must  be  made 
or  points  at  the  center  and  at  the  end  of  the  member.  This  is  due  to  the  fact  that  column 
Motion  is  present  at  the  center  of  the  member,  while  at  the  ends  of  the  member  simple  compres- 
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sion  exists.  Again,  at  the  center  of  the  member  the  moment  is  positive  and  « }^ 
ends  the  moment  is  negative.  The  compression  fiber  is  then  at  the  top  of  the  member  £ 
center  point,  and  c  =  }i  width  of  member;  at  the  end  points  the  compressioii  fiber  iioob 
side  of  the  member,  and  c  =  3i  width  of  member.  The  greater  of  the  areas  thus  obtained 
termines  the  area  required  for  the  member. 

The  length  of  the  member  under  consideration  is  given  in  Table  2  of  Art.  154  as8ii 
Then  with  r  =  1  33,  we  have/c  =  16,000  -  70  l/r  =  16,000  -  70  X  84/1.33  =  11,670  &.pi 
sq.  in.     The  calculated  areas  are  as  follows: 

At  center  of  member, 

2.57  +  0.85  -  3.42  sq.  in. 


30.000    18,000  X  1.33 
11.670  ■*"  16,000  X  (1.33) « 


At  end  of  member, 

A.  - 


30.000 


+ 


18,000  X  2.66 


1.87  +  1.70  -  3.57  sq.  in. 


16,000  '  16.000  X  (1.33) « 

From  the  steel  handbooks,  it  will  be  foimd  that  the  area  of  the  smallest  4-in.  angle  is  4.1Ss 
in.  Sim  lar  trials  made  for  3  and  5-in.  angles  showed  that  the  former  was  probaUyti 
small,  and  the  latter  too  large.  More  exact  calculations  will  therefore  be  made  for  the  k 
angles. 


0       .  *    *  .  ■  -     -  — *. 

liBtrar  tmunp  conrtKnanr 
notshem/n 

Fig.  193. — General  drawing  of  60-ft.  steel  roof  trusB. 


The  chord  section  will  be  assumed  as  made  up  of  two  4  X  3  X  Me  in.  angles  with  the  4-in.  l^s  sqiMittril?! 
f^-in.  space.  Since  the  chord  member  is  supported  lateraUy  at  its  center  i>oint  by  the  purlins,  the  greatat* 
supported  length  is  in  a  vertical  plane.  From  the  steel  handbooks,  r  «  1.27  in.,  and  c  •>  -1.26  in.  at  the  oentffflfl^ 
member  and  c-»  4.0—  1.27  —  2.64  in.  at  the  end  of  the  member.  From  the  column  formula.  /.  ■»  16,000 -St 
84/1.27  <-  11,370  lb.  per  sq.  in.  Proceeding  as  above,  it  will  be  found  that  the  values  given  f or  the  oooditiM' 
Fig.  (c)  require  the  greatest  area.     These  calculations  follow. 

Area  required  for  condition  of  loading  shown  in  Fig.  193  (c): 

At  center  of  member 


At  end  of  member 


A. 


30.654 
11,370 

30.654 


.    18,120  X  1.26         -  __ 
+   16,000l<T27-.  -3•^®»^•"*• 
18,120  X  2.74 


+  V^,3^ 


16,000    '    16,000  X  1.27« 


»  3.85  sq.  in. 


For  the  conditions  of  loading  shown  in  Figs,  (a)  and  (6),  the  results  obtained  were  as  foUows:  (a)  A«  ■>  3.6O0q-i^i 
At  -»  3.66  sq.  in.;  and    (b)  A«  ■>  3.28  sq.  in.,  A«  «  3.66  sq.  in.     Since  the  calculated  areas  are  all  lenthiiQ'' 
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fumiahed  by  the  assumed  angles,  whose  area  is  4.18  sq.  in.,  and  since  the  agreement  between  required  and  provided 
areas  was  as  dose  as  could  be  obtained,  using  standard  angles,  the  assumed  section  will  be  adopted. 

The  design  of  the  top  ohord  section,  as  given  above,  is  based  on  the  assumption  that  the  chord  members  act  as 
beams  fixed  at  the  ends.  At  panels  points  where  the  member  is  continuous  across  the  joint,  as  at  6,  c,  etc.,  this 
assumption  is  probably  realized.  At  joint  a  the  chord  member  is  riveted  to  the  gusset  plate.  In  order  to  fix  this 
point,  an  external  moment  must  be  applied  which  will  be  equal  to  the  moment  brought  to  the  joint  due  to  the  end 
moment  in  the  fixed  beam.  The  lower  chord  member  and  the  bearing  of  the  shoe  on  the  masonry  will  offer  some 
resistance  to  the  moment,  but  as  the  lower  chord  member  is  not  as  rigid  as  the  top  chord,  it  can  not  be  depended  up- 
on to  provide  fixed  end  conditions  at  the  joint. 

An  external  moment  of  the  desired  amount  can  be  produced  at  joint  a  by  making  the  center  line  of  the  reaction 
eccentric  with  respect  to  the  intersection  of  the  center  lines  of  the  members.  Thus,  for  the  conditions  governing  the 
chord  design,  the  end  moment  is  18,120  in.-lb.,  and  the  end  reaction  is  16,180  lb.  The  required  eccentricity  is  then 
18,120/16,180  ■■  1.12  in.  Since  the  end  moment  is  negative,  it  tends  to  cause  a  clockwise  rotation  of  the  joint. 
If  the  reaction  line  be  moved  1.2  in.  to  the  right  of  the  position  ahown  in  Fig.  180,  the  desired  eccentric  moment  will 
be  produced.     A  similar  result  can  be  obtained  for  the  design  shown  in  Fig.  100. 

169.  Design  of  Bracing. — A  general  discussion  of  the  bracing  of  roof  trusses  is  given  in 
Art.  129.  Bracing  for  roof  trusses  of  the  type  considered  in  this  chapter  \a  generally  placed  only 
in  the  plane  of  the  lower  chord  of  the  truss.  It  is  usually  assumed  that  the  sheathing  and  pur- 
lins, when  placed  in  position,  will  provide  sufficient  bracing  for  the  plane  of  the  top  chords.  In 
some  cases  a  ridge  strut  running  the  full  length  of  the  building  is  placed  at  the  apex  of  the  truss. 
This  ridge  strut  serves  also  as  erection  bracing  before  the  purlins  are  placed  in  position.  Where 
the  roof  covering  is  corrugated  steel,  bracing  is  generally  placed  in  the  plane  of  the  top  chord, 
as  the  corrugated  steel  is  not  rigid  enough  to  provide  the  necessary  lateral  support. 

Bracing  of  the  type  mentioned  above  is  not  subjected  to  any  definite  loads;  a  rigid  analysis 
of  stresses  can  not  be  made.  The  designer  must  rely  upon  his  judgment  and  experience  in  de- 
termining the  type  and  position  of  the  bracing,  and  the  size  of  the  members  to  be  used  in  any 
structure. 

Fig.  180  shows  the  arrangement  of  bracing  which  will  be  adopted  for  the  truss  under  con- 
sideration. Pairs  of  trusses  near  the  ends  pf  the  building  will  be  provided  with  diagonal  bracing 
placed  in  the  plane  of  the  bottom  chord.  The  other  trusses  will  be  connected  to  the  braced 
trusses  by  means  of  a  continuous  line  of  struts  placed  in  the  plane  of  the  bottom  chord.  These 
struts  are  located  at  joints  g  and  k.  In  addition  to  this  bracing  a  ridge  strut,  located  at 
joint  e,  will  be  run  the  full  length  of  the  building. 

The  diagonal  members  of  the  bracing  in  the  plane  of  the  lower  chord  will  be  made  of  single  angles  of  minimum 
■ixe.  As  the  angles  are  to  be  connected  by  one  leg  only,  a  2>i  X  2  X  H-in.  angle  will  bo  used.  The  struts  will  be 
considered  as  compression  members;  their  size  will  be  determined  subject  to  the  condition  that  l/r  must  not  exceed 
150,  which  is  the  limiting  value  set  for  such  members  in  Art.  148.  As  the  trusses  are  15  ft.  apart,  the  angles  must 
have  a  radius  of  gyration  of  at  least  r  =  ^50  =  12  X  ^Mso  °*  1.2  in.  From  the  steel  handbooks  it  will  be  found 
that  the  standard  angles  of  least  weight  which  will  answer  the  requirements  are  two  4  X  3  X  Ms-in.  angles  placed 
with  the  4-in.  legs  vertical  and  separated  by  at  least  a  yi-in.  space.  These  angles  will  therefore  be  used  for  the 
struts  between  trusses,  and  also  for  the  ridge  struts. 

The  braeing  in  the  plane  of  the  lower  chord  of  the  truss  is  attached  to  plates  riveted  to  the  truss,  as  shown 
in  Fig.  103.  At  joint  g  the  splice  plate  on  the  horisontal  legs  of  the  bottom  chord  angles  is  enlarged  to  include  the 
connecting  rivets  in  addition  to  those  required  for  the  splice.  An  exact  determination  of  the  number  of  rivets 
required  in  the  ends  of  the  bracing  angles  can  not  be  made,  as  these  members  have  no  definite  stress.  Some  de- 
signers assume  that  the  connections  are  to  be  designed  for  the  full  strength  of  the  member.  On  this  assump- 
tion the  2H  X  2  X  H-in.  angles  would  require  16,000(1.06  —  0.22) /2810  -  6  field  rivets.  Experience  shows 
that  for  small  trusses,  two  rivets  are  sufficient. 

160.  The  General  Drawing. — Fig.  193  shows  a  general  drawing  of  the  truss  designed  in  the 
preceding  articles.  On  this  drawing  is  shown  the  sizes  of  members,  thickness  of  gusset  plates, 
number  of  rivets  in  the  members  at  each  joint,  arrangement  of  bracing,  and  all  other  details 
determined  in  the  preceding  calculations.  It  will  be  noted  that  only  the  general  features  of  the 
design  are  shown  on  this  drawing.  This  is  the  type  of  drawing  turned  out  by  the  average 
designing  office. 

Before  the  truss  can  be  constructed  in  the  shop,  a  drawing  must  be  made  showing  in  greater  detail  the  dimen- 
sions of  the  members  and  plates  and  the  spacing  of  the  rivets.  A  drawing  of  this  nature  is  known  as  a  shop  drawing. 
The  principles  governing  the  making  of  shop  drawings  are  given  in  the  chapter  on  Structural  Steel  Detailing.  The 
reader  is  referred  to  p.  319  for  a  complete  shop  drawing  of  a  truss  quite  similar  to  the  one  designed  in  the  preceding 
artioles. 
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DETAILED  DESIGN  OF  A  TRUSS  WITH  KNEE-BRACBS 

By  W.  S.  Kinnb 

161.  General  Considerations  and  Form  of  Trusses. — The  discussion  of  the  pncei^ 
chapter  was  confined  to  roof  trusses  supported  on  rigid  masonry  walls.  This  type  of  stnxt? 
is  shown  in  Fig.  194  (a).  The  truss  is  not  called  upon  to  assist  in  carrying  lateral  forces  fr 
sistance  to  lateral  forces  is  provided  by  the  walls  on  which  the  truss  is  simply  supponeL 

In  certain  types  of  structures,  particularly  mill  buildings  and  storage  sheds,  the  tnan 

supported  on  steel  columns,  as  shown  in  F^ 
The  outside  walls  are  formed  either  by  a  coroi 
wall  of  brick,  or  by  sheathing  or  corrugated «? 
siding  which  is  supported  by  the  columns.  In  ehbe 
case  these  walls  act  merely  as  partitions,  ami  i 
not  assist  in  carrying  lateral  forces,  as  in  the 
of  the  rigid  walls  of  Fig.  (a).  If  lateral  forces  aita 
plied  to  a  truss  resting  on  colunuis,  as  shown  in  F« 
(b)y  the  structure  tends  to  collapse,  as  shown  bn» 
dotted  lines.  This  distortion  must  be  prevented  ^ 
bracing  capable  of  resisting  horizontal  forces. 

The  bracing  provided  to  resist  horizontal  fna 
must  answer  two  conditions.  It  must  not  obetnc 
the  clear  space  between  the  walls  and  the  lower  chord  of  the  trusses,  and  it  must  proTiiiet 
means  of  joining  the  trusses  and  the  columns  into  a  rigid  frame  work.  In  smaU  stnicta 
the  required  resistance  to  distortion  is  sometimes  provided  by  means  of  riveted  joints  it  i 
and  B  of  Fig.  (h).  This  method  is  not  economical,  even  for  trusses  of  moderate  size,  ft 
194  (c)  shows  a  simple  means  of  providing  the  required  bracing.  Short  members  knon  ■ 
knee-braces,  are  connected  bo  the  column  and  to  a  lower  chord  panel  point.  The  stroeto! 
thus  formed  answers  the  above  requirements, 
and  the  stresses  in  the  members  are  readily 
determined. 

Fig.  195  shows  a  few  of  the  forms  of  knee- 
braced  bents  in  common  use.  Fig.  (a)  shows  a 
Fink  truss  with  knee-braces,  and  Figs,  (b)  and 
(c)  show  trusses  of  the  Pratt  type.  Fig.  (d) 
shows  a  flat  Pratt  truss  with  the  end  members 
prolonged  to  form  a  column.  Other  forms  of 
trusses  can  be  arranged  in  a  similar  manner. 
Figs,  (e)  and  (f)  show  trusses  provided  with  a 
monitor  at  the  apex.  In  the  form  shown  in 
^g'  (/)»  side  trusses  are  also  provided. 

162.  General  Methods  of  Stress  Deter- 
mination.— Fig.  196  shows  a  knee-braced  bent 
acted  on  by  wind  loads  Wi  perpendicular  to 
the  side  walls,  and  loads  Wt  normal  to  the  roof 
surface.  General  methods  of  stress  determina- 
tion will  be  developed  for  the  conditions  shown 
in  Fig.  196.  Assume  first  that  the  truss  is  sim- 
ply supported  at  points  A  and  B  by  hinges,  or  by  some  method  which  will  prevent  hon«Ma 
movement  under  the  action  of  the  applied  loads.  Let  R  of  Fig.  (a)  represent  the  resnltaot  i 
the  loads  Wi  and  TTj.    The  reactions  at  A  and  B  are  to  be  determined  for  the  force  R. 

For  the  conditions  shown  in  Fig.  196,  it  will  be  noted  that  there  are  four  unknowns  toll 
determined;  a  vertical  and  a  horizontal  force  at  A  and  B.  The  problem  is  therefore  indf^ 
minate,  for,  as  stated  in  the  chapter  on  Principles  of  Statics  in  Sect.  1,  only  three  unknoci 
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can  be  determined  in  any  system  of  non-concurrent  forces.  Some  assumption  must  then  be 
made  regarding  the  relation  between  certain  of  these  forces  before  a  solution  can  be  made. 
It  ^  ill  be  convenient  in  this  case  to  consider  the  relation  between  the  horizontal  components 
of  the  forces  at  A  and  B.  The  desired  relation  can  be  obtained  from  a  principle  brought  out  in 
the  analysis  of  statically  indeterminate  structures  which  states  that  where  there  is  more  than 
one  path  over  which  the  stresses  due  to  a  given  load  may  pass  in  order  to  reach  the  abutments 
or  points  of  support,  the  load  will  be  divided  over  these  paths  in  proportion  to  their  relative 
rigidities.  It  is  reasonable  to  assume  in  this  case  that  the  loads  are  transmitted  from  the  truss 
to  th» columns  and  thence  to  the  points  of  support.  As  the  columns  are  generally  made  alike, 
and  are  therefore  of  equal  rigidity,  it  is  usually  assumed  that  the  horizontal  components  of  the 


^1^     (e) 


Fia.  196. 


applied  loads  are  equally  divided  between  the  two  points  of  support.  Thus,  if  ^  be  the  hori- 
aiontal  component  of  R^  we  have 

Hi^Ht^  H/2  (1) 

where  Hi  and  Ht  represent  the  horizontal  components  of  the  reactions  at  A  and  B,  Fig.  196  (a). 
The  vertical  components  of  the  reactions,  shown  by  Vi  and  Vt  in  Fig.  (o),  can  be  determined 
by  moments.     Thus  in  general  terms,  we  have  from  moments  about  B 

Vi  =  Rh/l  (2) 

and  from  moments  about  A 

Vt  =  Ra/l  (3) 

The  reactions  are  thus  completely  determined. 

Before  proceeding  to  the  determination  of  the  streMes  in  the  trtiM  members,  it  will  be  neoenary  to  consider 
the  conditions  existing  in  the  columns.  As  shown  in  Fig.  196  (a),  the  horisontal  forces  are  carried  to  the  ]x>ints  of 
support  by  means  of  a  vertical  member.  As  the  loads  act  at  right  angles  to  the  member,  it  is  subjected  to  bending  as 
well  as  direct  stress.  The  distortion  of  the  structure  as  a  whole  is  of  the  nature  shown  in  Fig.  (6).  In  Fig.  (r)  is 
shown,  to  an  enlarged  scale,  one  of  the  distorted  columns.  Since  the  column  is  riveted  to  the  truss  at  point  C,  and  to 
the  knee-brace  at  point  £,  it  seems  reasonable  to  assume  that  B-C  remains  vertical,  and  that  the  distortion  of  B~B 
greatly  magnified,  is  as  shown  in  Fig.  (c).  The  column  is  then  a  three  force  piece,  as  it  is  subjected  to  bending 
moment,  shear,  and  direct  stress  at  all  points.  If  Mt,  Fc,  Sm  represent  these  quantities  at  any  section  a 
dSstaaoe  »  above  the  base  of  the  column,  we  have  for  member  B-E  of  Fig.  196. 

if.  -  ^t«  F.  -  //l  Sm  -  Vi  (4) 
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The  moment,  aa  given  by  the  first  of  these  expressions,  is  a  maximum  at  point  Bt  the  foot  of  the 

uniformly  to  sero  at  the  foot  of  the  column,  as  shown  by  the  moment  diagram  of  Fig.  (e).     Values  at  tie 

and  direct  stress  for  member  C-E  depend  on  the  stress  in  the  knee-brace,  which  is  as  yet  unknown. 

In  general  the  columns  are  rigidly  fastened  to  the  -foundations  by  a  detail  of  the  type  ahown  in  Tk  r 
The  distortion  of  the  column  is  then  of  the  nature  shown  in  Fig.  196  (ti).  When  the  base  ia  fixed,  the  taaceat  u  -: 
curve  at  point  B  can  be  assumed  to  be  vertical.  As  the  tangent  at  J?  is  also  vertical,  the  curvature  bctircca  Hr  -a 
points  can  be  assumed  to  be  a  reversed  curve,  with  the  point  of  inflection,  or  change  in  curvature,  at  poiai  G.kr 
way  between  E  and  B.  Since  a  point  of  inflection  is  also  a  point  of  sero  moment,  the  variation  in  mqeng- 
member  B-C  is  as  shown  in  Fig.  (d).     The  moment  at  O  is  sero,  and  the  moments  at  points  equal  diataaoei  iiV- 


and  below  O  are  equal  in  amount,  but  opposite  in  kind.     It  will  be  noted  that  the  portion  O-  E  of  the  defi 
umn  of  Fig.  (cf)  is  similar  to  the  portion  B~E  of  Fig.  (c).     Since  the  moment  at  O  is  aero,  this  point  can  be 
as  a  hinged  joint.     In  the  determination  of  stresses  the  column  can  be  separated  into  two  parts  at  point  O. 
in  Fig.  (e).    The  reactions,  as  given  by  eqs.  (1),  (2),  and  (3),  are  to  be  calculated  for  a  knee-braced  bent 
of  that  part  of  the  structure  above  points  O  of  Fig.  (a).     The  moment  at  the  base  of  the  column  can  be  detoxfr 
from  the  conditions  shown  in  Fig.  (e)  for  the  lower  portion  of  the  column. 

The  position  of  the  point  of  inflection  has  an  important  bearing  on  the  stresses  in  the  members.  It  caa  bei 
from  eqs  (1),  (2),  and  )3)  and  from  Fig.  (a),  that  the  values  of  the  reactions  depend  upon  the  effective  hcigkt  ft 
bent.  A  fixed  end  bent,  considered  as  hinged  at  O,  midway  between  the  knee-brace  and  the  base,  wiQ  ia  wok. 
have  smaller  stresses  in  its  members  than  one  with  simply  supported  ends,  considered  as  hinged  at  A  and  B.  &« 
ever,  unless  the  connections  at  E  and  C  of  Fig.  (d)  are  absolutely  rigid,  and  the  base  of  the  column  is  fixed,  thr  pea 
of  inflection,  O,  can  not  be  assumed  as  located  halfway  between  the  base  of  the  column  and  the  foot  of  the  be- 
brace.  Any  tendency  of  the  tangents  to  deviate  from  the  vertical  will  cause  the  point  of  inflection  to  be 
the  limit  being  points  A  and  B,  or  a  hinged  connection  at  the  base  of  the  columns.  Since  the  base  of  thecdn 
is  .usually  rather  wide  in  the  plane  of  the  truss,  it  can  always  be  considered  aa  partially  fixed  due  to  tbe 
the  dead  load.  In  most  cases  the  column  is  firmly  attached  to  the  foundations  by  means  of  anchor  bolta 
screwed  up  tight.  As  long  as  these  bolts  remain  tight,  the  base  of  the  column  can  be  oonaidered  as  fixed,  k 
experience  shows  that  this  can  not  be  relied  upon.  It  seems  best,  therefore,  to  assume  that  the  point  of  iaierae 
is  somewhat  below  the  mid-point  between  the  knee-brace  and  the  base  of  the  column.  This  aasumptioii  ii  <■  * 
safe  side,  as  the  stresses  in  the  truss  members  are  increased  thereby,  and  the  moment  to  be  carried  by  the  cofasa 
is  also  increased. 

In  the  calculations  to  follow,  it  will  be  ass\imed  that  the  distance  from  the  base  of  the  column  to  the  poBs: 
inflection  is  one-third  of  the  distance  from  the  base  of  the  column  to  the  foot  of  the  knee-brace,  as  shown  ia  Fs 
(/).  There  is  considerable  difference  of  opinion  among  designers  and  writers  on  this  point.  The  recomjiwadsbi 
made  above  seems  to  be  reasonable  and  to  be  founded  on  conditions  which  actually  exist  in  the  stntcture;  it  ri 
therefore  be  adopted. 

• 

Methods  of  stress  calculation  are  best  explained  by  means  of  a  problem.  For  this  pii7p». 
a  truss  of  the  form  considered  in  the  preceding  chapter  will  be  placed  on  columna  and  promx 

with  knee-braces.  Fig.  197  shows  the  dimn- 
sions  of  the  knee-braced  bent  thus  foraift 
The  wind  pressure  on  a  vertical  surface  willV 
taken  as  20  lb.  per  sq.  ft.,  and  that  on  an  3- 
clined  surface  will  be  20  lb.  reduced  by  'M 
Duchemin  formula,  which  is  given  in  Art  I-3i 
Since  the  assumed  conditions  are  the  same  t 
for  the  design  given  in  the  preceding  chapic 
the  wind  panel  load  normal  to  the  roof  suiftf 
is  1565  lb.,  as  calculated  in  Art.  153.  T^ 
total  horizontal  load  on  the  side  of  the  strr 
ture  above  the  point  of  inflection  is  15X^5X20  =  4500  lb.  This  load  is  distributed  lo'i 
vertical  panel  points  as  shown  in  Fig.  198(a).  It  will  be  assumed  that  the  bases  of  t^ 
columns  are  partially  fixed,  and  that  the  point  of  inflection  is  located  at  a  point  above  ^* 
base  of  the  column  equal  to  one-third  of  the  distance  between  the  base  and  the  foot  of  t:* 
knee-brace,  as  shown  in  Fig.  197.  Figs.  197  and  198  (a)  show  the  portion  of  the  bent  abcf« 
the  assumed  points  of  inflection,  with  the  applied  loads  in  position. 

The  reactions  at  the  points  of  inflection,  0  and  0'  of  Fig.  197,  assumed  to  beixjintsofse^ 
port  for  a  hinged  knee-braced  bent,  can  be  calculated  by  the  methods  given  in  Sect.  1.  Fra 
Fig.  198  (a),  the  total  horizontal  component  of  applied  loads  is  4500  4-  6260  sin  26*  34'  = 
4500  4-  6260  X  0.447  =  4500  +  2800  =  7300  lb.  The  horizontal  components  of  the  reactios 
as  determined  from  eq.  (2),  are 

/f  1  =  ^t  =  H/2  =  7300/2  «  3650  lb. 
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iie  forces  act  as  shown  in  Fig.  198  (a).  The  vertical  reactions  are  determined  from  moments 
►out  the  bases  of  the  columns,  using  eqs.  (2)  and  (3).  Thus  for  Rt,  from  moments  about 
v^ith  dimensions  and  loads  as  shown  on  Fig.  108  (a),  we  have 


id 


R.   =  6260  X  20.71^  +  4500  X  7.5  ^  3^,,^^ 


Ri  = 


6260  X  23.99  -  4500  X  7.5 
50 


=  2340  lb. 


base  forces  are  shown  in  position  on  Fig.  198  (a).    All  external  are  thus  completely  deter- 
ined. 

The  next  step  in  the  calculations  is  the  determination  of  the  stresses  in  the  members  of 
le  truss.  In  general  it  will  be  found  that  graphical  methods  of  stress  determination  are  pref- 
able  for  this  purpose.     Alge-  ^^j^. 

*aic  methods  of  stress  calcu- 
tion  are  somewhat  more 
lecisethan  graphical  methods, 
it  in  the  application  of  alge- 
raic  methods  considerable 
me  is  consumed  in  the  calcu-'^^^ 


fS!?Off 


^2/4 


— * 


Ft'lO^lb. 


^aesoih 


tion  of  lever  arms  of  loads  ^  ^^^Ai 
id  members.  This  is  avoided 
T  the  use  of  graphical 
ethods,  and  the  results  ob- 
lined  are  accurate  enough  for 
1  practical  purposes 

In  the  application  of 
raphieal  methods  to  a  knee- 
raced  bent  a  little  difficulty  is 
icountered  in  the  case  of  the 
>lumns.  These  members  are 
ibjected  to  shear,  moment, 
id  direct  stress,  thus  forming 
iree  force  pieces.  The  graph- 
al  methods  of  Sect.  1  are  ap- 
licable  only  to  one  force 
ieces — ^that  is,  members  sub- 
!cted  either  to  tension  or  compression.  Two  methods  can  be  employed  for  the  graphical 
>lution  of  the  case  imder  consideration :  (a)  The  columns  can  be  removed  and  in  their  place 
ui  be  substituted  a  system  of  forces  whose  effect  on  the  structure  as  a  whole  will  be 
le  same  as  that  of  the  columns,  and  (b)  since  a  moment  can  be  considered  as  a  force  times 
distance,  a  temporary  framework  can  be  added  to  the  truss  system,  arranged  so  that  the 
toment  at  the  foot  of  the  knee-brace  will  cause  stress  in  the  members  of  the  auxiliary 
"amework.  After  the  stresses  in  all  members  of  the  truss  have  been  determined,  the  temp- 
rary  framework  can  be  removed  and  the  true  stresses  in  the  columns  determined.  This 
icthod  is  quite  similar  in  principle  to  the  one  given  in  Sect.  1,  Art.  84,  for  the  determination 
f  the  stresses  in  certain  members  of  the  Fink  truss.  The  methods  described  above  will  now 
e  applied  to  the  knee-braced  bent  of  Fig.  198  (o). 

The  application  of  the  first  method  outlined  above  ia  shown  in  Figs.  108  (&),  (c),  and  (e{).  Figs,  (b)  and  (c) 
Mw  the  columns  removed  with  all  forces  acting.  Forces  F\  and  Ft  show  the  action  of  the  column  on  the  truss. 
'hese  forces  are  determined  by  the  methods  of  statics,  subject  to  the  condition  that  the  column  is  in  complete 
quilibrium.     From  Fig.  (6),  which  shows  the  conditions  for  the  windward  column,  moments  about  point  I  give 
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For  the  leeward  column,  shown  in  Fig.  (e) 


Fi  -  3660  X  10/5  -  7300  lb. 


and 


r^^ 

■# 

^<A 

S 

c:  /  \- 

^v 

(t>)  \^ 

\ 

t 

FiQ.  199. — Knee-braced  truBses. 


Ft  -  3650  X  15/5  -  10,950  lb. 

All  forces  are  shown  in  position  in  Figs.  (6)  and  (c). 

Since  action  and  reaction  are  equal  in  amount  but  opposite  in  direction,  forces  Ft  and  Ft  mre  to  be  appUni 

truss  in  directions  oppoaite  to  thowikw 
Figs,  (b)  and  (c).    They  appear  dirertlr«f 
leeward  side,   but  on  the  windward  adi  i 
are  to  be  combined  with  the  loads  skong 
and  e  of  Fig.   (a).     At  a  the  appBed  W 
4300  +  750  -  5050  lb.,  and  at  e  tin 
6450  -   2250  -   4200   lb.       Tbew  fef 
shown  in  position  and  direction  on  Fii. 
(d).     At  the  foot  of  the 
forces  equal  to  the  reaction  at  the  fool  «l 
column   are  applied,    aa    shown  in  Tig 
The   resulting    forces   hold    the 
equilibrium. 

Fig.  109  ib)  shows  the  strsH 
the  forces  shown  on  Fig.  106  (d)  and 
on  Fig.  199  (a).  This  streoa  diagram  a 
structed  by  the  methods  given  in  8eeL  L  H 
stresses  in  the  membera,  aa  aoaled  fraa  l 
diagram,  are  recorded  in  col.  4  and  6  of  Ti 
1,  Art.  104.  The  stcessea  in  the  npps 
of  the  columns  are  given  directly  in  the  la 
diagram.  In  the  lower  portioaa  of  the  edaa 
the  stress  is  equal  to  the  reaction  at  the  p« 
in  question,  as  given  in  Fis.  106  (d). 
The  temporary  framework  for  the 
method  of  stress  determination  outlined  above  is  shown  in  Fig.  2MX)  (a).  Any  convenient  arrangemmt  oa  ■ 
used.  In  this  case  the  top  chord  member  was  prolonged  to  an  inteneotion  with  a  horisontal  throogk  tli 
of  the  knee-brace.  This  point  was 
then  connected  to  the  foot  of  the 
column  by  a  temporary  member. 
These  members  are  shown  by  dashed 
lines  in  Fig.  200  (a).  The  loads 
applied  to  the  windward  side  of  the 
building  are  considered  as  acting  at 
the  joints  of  the  auxiliary  framework, 
aa  shown  in  Fig.  (a).  With  the  auxil- 
iary framework  in  place,  it  is  possible 
to  draw  the  stress  diagrams  for  all 
joints.  Fig.  200  (6)  shows  the  com- 
plete stress  diagram. 

The  stresses  for  the  columns,  as 
given   by   the   stress  diagram  of  Fig. 
(6),  are  not  the  true  stresses  for  these 
members,    for     the    addition    of    the 
auxiliary    frames    has  -  effected    the 
stresses    in    the    columns;    all    other 
stresses  are    the    true   stresses  in  the 
members  in  question.      To  determine 
the  true  stresses  in   these   members, 
the  auxiliary  frames  mtist  be  removed 
and  the  column  stresses  redetermined, 
subject    to   conditions  which   will  be 
discussed   later.      Thus  for  the  wind- 
ward column  it  can  be  seen  by  in- 
spection that  as  soon   as   the  frame- 
work is  removed,   the  stress  in  the 
lower  section  of  the  column  is  a  com- 
pression which  is  directly  equal  to  the  reaction  at  the  foot  of  the  column,  which  in  this  case  is  2340  lb. 
the  upper  portion  of  the  column.     It  is  quite  evident  that  the  stress  in  this  member  must  be  of  such 
that  it  will  hold  in  equilibrium  the  stress  in  the  lower  portion  of  the  column  plus  the  vertical  conoqiKincat  d  3 
stress  in  the  windward  knee-brace      The  desired  stress  can  be  determined   from   Fig.   (6)   by 
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Forces  mentioned  and  adding  them  graphically.     In  Fig.  200  (b),  K-M  tepreaents  the  reaction  at  the  foot  of 

^Jhe    column,  and  Ir-17  represents  the  stress  in  the  knee-brace.     If  these  forces  be  projected  on  a  vertical  line 

drawn  through  point  17,  we  have  as  the  sum  of  these  forces  the  component  X'-17,  which  represents  the  amount  of 

'kJie   doeired  stress  in  the  upper  portion  of  the  column;  tiie  stress  as  scaled  from  the  stress  diagram  is  6000  lb., 

auid  the  kind  of  stress  is  compression.    Similar  methods  are  to  be  used  for  the  leeward  column.      As  before,  the 

Btreas  in  the  lower  portion  of  the  column  is  compression,  and  it  is  equal  to  the  reaction  at  the  foot  of  the  column. 

Since  the  stress  in  the  leeward  knee-brace  is  compression,  its  vertical  component  acts  downward.     Therefore 

^he  stress  in  the  upper  portion  of  the  column  must  balance  the  difference  between  the  stress  in  the  lower  portion 

of  the  column  and  the  vertical  component  of  the  stress  in  the  knee-brace.     The  desired  stress  can  be  determined 

From  Fig.  200  (6).     The  force  L-N  represents  the  reaction  at  the  foot  of  the  column,  and  L-14  represents  the  stress 

in  the  leeward  knee-brace.     If  these  forces  be  projected  on  a  vertical  line  through  point  14,  the  required  difference 

In  stress  components  will  be  represented  by  the  force  iV'-14.     The  required  stress  scales  3700  lb.,  and  the  kind  of 

stress  is  tension. 

On  comparing  the  two  methods  given  above,  it  will  be  found  that  the  construction  of  the 
auxiliary  frames  required  by  the  second  method  involves  less  time  and  is  a  simpler  process  than 
"the  calculation  of  the  external  forces  required  for  the  first  method.  The  stress  diagrams  con- 
structed for  the  two  methods  lead  to  exactly  the  same  results,  if  the  operations  are  correctly 
performed.  However,  it  will  be  found  that  the  stress  diagram  for  the  first  method  can  be  more 
accurately  constructed  than  the  one  for  the  second  method.  This  is  partly  due  to  the  fact  that 
the  stress  diagram  of  the  first  method  contains  four  less  joints  than  the  one  for  the  second 
method,  and  also  to  the  fact  that  it  is  difficult  to  arrange  an  auxiliary  framework  which 
'Will  provide  good  intersections  for  the  lines  of  action  of  the  resulting  sLresses.  Again,  the 
stresses  in  the  columns  are  given  directly  by  the  stress  diagram  for.  the  first  method,  but, 
from  the  discussion  given  above,  it  can  be  seen  that  the  determination  of  the  column  stresses 
by  the  second  method  requires  considerable  care  and  study.  Everything  considered,  the 
first  method  of  calculation,  as  shown  in  Fig.  199,  is  preferable,  and  it  is  recommended  as  the 
best  method  of  stress  determination  for  problems  of  the  nature  here  considered. 

168.  Conditioiis  for  the  Design  of  a  Knee-braced  Bent — To  illustrate  the  principles  of 
design  for  a  knee-braced  bent,  a  truss  of  the  span  length  and  type  designed  in  the  preceding 
chapter  will  be  placed  on  columns  and  provided  with  knee-braces.  The  columns  will  be  made 
20  ft.  high,  and  the  knee-brace  will  intersect  the  column  at  a  point  5  ft.  below  the  top  of  th» 
column.  Fig.  197  shows  the  structure  thus  formed.  The  distance  between  the  trusses  wilL 
be  taken  as  16  ft.,  and  the  roof  covering  will  be  made  the  same  as  used  in  the  design  of  the 
preceding  chapter.  In  this  way  much  of  the  material  of  the  preceding  design  can  be  used  for 
the  structure  imder  consideration.  It  is  not  probable  that  a  shingle  roof  would  be  used  in 
practice  for  a  structure  of  this  type.  A  corrugated  steel  or  a  slate  or  tile  is  a  more  practical 
type  of  roofing.  However,  the  general  principles  of  design  are  the  same  for  all  cases,  and  the 
discussion  given  in  this  chapter  can  readily  be  modified  for  any  t3^pe  of  roof  covering. 

Loadings  and  working  stresses  will  be  the  same  as  given  in  Arts.  148  and  150  of  the  pre- 
ceding chapter,  with  the  exception  of  the  dead  load  of  the  trusses,  which  will  be  determined  by 
the  Ketchum  formula  given  in  the  chapter  on  Roof  Trusses — General  Design.  This  formula  is 
V)  =  P/45  (1  H-  L/5\/ii)»  where  P  =  capacity  of  truss,  which  will  be  taken  as  40  lb.  per  sq.  ft. 
of  horizontal  covered  area;  L  =  span  in  feet;  A  =  distance  between  trusses,  which  will  be  15 
ft. ;  and  w  —  weight  of  truss  per  sq.  ft.  of  horizontal  covered  area.  With  the  above  values, 
w  =3.18  lb.  To  allow  for  that  part  of  the  bracing  carried  by  the  trusses,  this  weight  will  be 
increased  to  4.25  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  snow  load  will  be  taken  20  lb. 
per  sq.  ft.  of  roof  surface,  and  the  wind  loads  on  the  sides  and  the  roof  will  be  based  on  a  unit 
pressure  of  30  lb.  per  sq.  ft.  on  a  vertical  surface.  This  unit  pressure  will  provide  for  all  pos- 
sible wind  stress  conditions  for  a  structure  in  an  exposed  position.  If  the  structure  is  in  a 
sheltered  location,  a  unit  pressure  of  15  or  20  lb.  per  sq.  ft.  would  be  sufficient.  The  wind  pres- 
sure will  be  assumed  to  act  normal  to  the  roof  surface  and  perpendicular  to  the  iddes  of  the 
building. 

Working  stresses  for  steel  in  tension  will  be  16,000  lb.  per  sq.  in.  on  the  net  section  of  the 
member.  For  compression  the  working  stress  will  be  given  by  the  formula  16,000  —  70Z/r, 
where  I  —  greatest  unsupported  length  of  member,  and  r  —  least  radios  of  gyration  of  the 
section.     Gross  areas  are  used,  and  l/r  is  limited  to  125  for  main  members  and  to  50  for  bracing. 
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Corresponding  working  stresses  for  wind  loadings  will  be  based  on  24,000  lb.  per  sq.  in.,  as  k 
the  preceding  chapter.  Rivet  values  for  shop  rivets  are  to  be  baaed  on  an  alloval^ 
shearing  value  of  10,000  lb.  per  sq.  in.,  and  an  allowable  bearing  value  of  20,000  lb.  persq. 
in. ;  corresponding  values  for  field  rivets  are  7500  lb.  for  shear  and  15,000  for  bearing.  Bzveti 
^  in.  in  diameter  will  be  used.     The  minimum  thickness  of  material  will  be  ^^  in. 

Members  and  connections  subjected  to  a  reversal  of  stress  will  be  designed  for  each  kinds 
stress.  This  assumption  is  reasonable,  for  the  reversal  in  stress  is  due  to  a  change  in  the  direc- 
tion of  the  wind.  This  can  not  occur  suddenly,  so  that  there  will  be  a  time  interval  betvea 
the  two  kinds  of  stress. 

Ab  stated  in  Art.  162,  there  is  considerable  uncertainty  regarding  the  exact  conditions  at  the  baaes  of  fh»  ear 
umns.  In  many  cases  it  is  assumed  that  the  point  of  inflection,  shown  in  Figs.  197  and  198,  is  located  half  ««y  be- 
tween the  base  of  the  column  and  the  foot  of  the  knee-brace.  This  assumption  requires  rigid  connections  bctvra 
the  column  and  the  knee-brace  and  a  rigid  connection  between  the  column  and  the  truss.  Also,  the  base  of  te 
column  must  be  rigidly  attached  to  the  foundations,  which  must  be  immovable.  All  of  these  conditioDS  mvitk 
realised  before  the  above  assumption  can  be  made.  As  it  is  practically  impossible  to  secure  all  of  these  ea- 
ditions,  it  does  not  seem  advisable  to  assume  that  fixed  end  conditions  exist.  However,  the  end  detail  of  the  bar 
of  the  column,  as  shown  in  Fig.  202,  is  so  arranged  that  it  is  probable  that  the  assumption  of  hinged  exMls  m  ■► 
justified,  as  the  base  is  flat*  and  is  fixed  to  some  extent  by  the  dead  load.  It  therefore  seems  best  to  aasame  tb 
the  base  is  partially  fixed,  and  that  the  point  of  inflection  is  somewhat  below  the  mid-point  of  the  coIujob.  b 
an  excellent  article  on  Wind  Stresses  in  Steel  Mill  Buildings,^  R.  Fleming  recommends  that  the  point  <A  infleetkii 
be  taken  at  a  point  one-third  of  the  distance  between  the  foot  of  the  column  and  the  knee-brace.  Thn  leeoa- 
mendation  has  been  followed  in  the  solution  of  the  problem  of  Art.  195,  and  will  be  adopted  for  the  deajgn  tok 
made. 

164.  Determination  of  Stresses  in  Members. — The  stresses  in  the  members  are  to  be 
determined  for  the  same  general  conditions  as  in  the  design  of  the  preceding  chapter.  In  Vat 
case,  however,  it  is  not  possible  to  use  an  equivalent  uniform  load  to  represent  the  effect  d 
wind  and  snow  combined.  The  stresses  for  these  loadings  must  be  determined  separately  tad 
combined  with  the  dead  load  for  the  following  conditions:  (a)  dead  load  and  snow  load;  J 
dead  load  and  wind  load;  (c)  dead  load,  minimum  (one-half)  snow  load,  and  maximum  wisd 
load;  and,  {d)  dead  load,  maximum  snow  load,  and  minimum  (one-third)  wind  load.  In  mak- 
ing up  these  combinations,  the  greater  of  the  wind  stresses  given  in  cols.  4  or  6  of  Table  1  iste 
be  used.  This  will  provide  for  all  possible  conditions.  The  maximum  stress  determined  fran 
these  combinations  is  to  be  used  in  the  design  of  the  member.  It  will  be  noted  that  cob- 
dition  (6)  often  results  in  a  reversal  of  stress  in  the  member. 

Since  the  adopted  roof  covering,  the  loading  conditions,  and  the  working  stresses  are  the  same  as  f or  th 
design  of  the  preceding  chapter,  the  dead  panel  load  due  to  the  roof  covering  and  the  purlins  will  be  the  sasie  ■ 
given  in  Art.  153  of  the  preceding  chapter.  The  panel  load  due  to  the  roofing  is  then  945  lb.,  and  thai  doe  totkf 
purlin  is  146.3  lb.  As  given  above  in  Art.  163,  the  weight  of  the  truss  and  bracing  is  4.25  lb.  per  sq.  ft.  of  hsn- 
soutal  covered  area.  From  the  preceding  chapter,  the  horixontal  covered  area  per  panel  is  15X'^*SSn 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  is  then  93.75  X  4.25  -<  398.4  lb.  The  total  dead  pand  \ad 
is  then  945.0  +  146.3  +  398.4  -  1489.7  lb.;  a  load  of  1490  lb.  will  be  used  in  the  calculations  to  follow. 

In  the  calculation  of  the  stresses  in  the  members  of  the  knee-braced  bent  shown  in  Fig.  164.  it  is  the  osai 
practice  to  assume  that  the  knee-braces  are  not  stressed  by  the  action  of  vertical  loads.  This  aasumptioA  ii  kx 
strictly  correct,  for  the  deflection  of  points  /  and  /'  is  resisted  by  the  knee-brace,  which  is  thus  subjected  to  a  szau 
stress.  At  the  same  time,  a  small  bending  moment  is  set  up  in  the  column.  These  stresses  and  moments  uvk 
small  compared  to  the  other  stresses  and  moments  that  the  stresses  due  to  the  deflection  of  points  /  and  f  cas  b* 
neglected.  This  is  equivalent  to  removing  the  knee-braces  and  calculating  the  stresses  in  the  remaining  aeis- 
bers.  The  stresses  can  then  be  determined  by  the  methods  used  in  Art.  153  of  the  precedini;  chapter.  Them 
stresses  are  given  in  col.  1  of  Table  1. 

The  panel  load  due  to  snow  will  be  the  same  as  for  the  preceding  design.  As  the  area  of  the  roof  paodiii 
X  15  -  105  sq.  ft.,  and  the  snow  load  is  20  lb.  per  sq.  ft.,  the  panel  load  is  20  X  105  «  2100  lb.  The  snow  kai 
stresses  are  given  in  col.  2  of  Table  1.  These  stresses  can  be  calculated  from  the  dead  load  stresses  by  multipjysi 
by  the  ratio  of  panel  loads,  which  in  this  case  is  2100/1490  «■  1.41.  Since  the  conditions  are  the  same  as  for  tb 
preceding  design,  the  stresses  in  this  case  can  be  taken  from  Table  1  of  Art.  153  of  the  preceding  chapter.  Is  eA 
3  the  stresses  for  minimum,  or  one-half  snow  load,  are  given. 

The  wind  load  stress^  for  the  structure  under  consideration  have  been  worked  out  in  the  problem  grvesii 
Art.  162.  As  stated  in  Art.  163,  the  unit  wind  pressure  is  to  be  taken  as  30  lb.  per  sq.  ft.  and  the  allowafaJe  wotkisi 
stress  for  wind  loading  is  to  be  based  on  24,000  lb.  per  sq.  in.  Since  this  working  stress  is  H  that  allowed  for  6m 
and  snow  loads,  the  wind  pressure  can  be  reduced  by  Hp  which  gives  a  imit  pressure  of  20  lb.  per  sq.  ft.     A  onifca 

1  Eng.  News,  vol.  73,  No.  5,  p.  210,  Feb.  4,  1915. 
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allowable  working  streaa  of  16,000  lb.  per  sq.  in.  can  then  be  uaed  for  all  loadings.  The  wind  pressure  on  the  afa 
of  the  structure  will  be  taken  as  20  lb.  per  sq.  ft.,  and  that  on  the  roof  surface  will  be  taken  aa  calculated  froBi  % 
Duohemin  formula  which  is  given  in  Art.  136.  As  the  slope  of  the  roof  surface  is  26  deg.  34  min.  and  the  ubH  per 
sure  is  20  lb.  per  sq.  ft.,  the  normal  wind  pressure  is  found  to  be  14.0  lb.  per  sq.  ft  of  roof  surface.  8in<se  a  mb- 
plete  solution  of  this  problem  is  given  in  Art.  162,  the  work  will  not  be  repeated. 

The  wind  stresses  in  the  members,  as  determined  in  Fig.  199  or  200  of  Art.  162,  aro  given  in  cola.  4  and  i  i 
Table  1.  Minimum,  or  one-third  wind  stresses  are  given  in  cols.  6  and  7.  Table  1  also  gives  the  TahMs  of  Hi 
moments  at  the  foot  of  the  knee-braces.  These  moments  are  calculated  from  eq.  (4)  of  Art.  162.  For  pcnS' 
of  the  windward  column,  it  can  be  seen  from  Figs.  197  and  198(a)  that  the  moment  is  (3660  —  1500)  X  10  -2Ui 
ft.-lb.,  and  for  the  leeward  column,  the  moment  at  point  V  is  3660  X  10  *-  36,600  ft.-lb.  Moments  at  tW  b* 
of  the  column  are  also  given.  These  moments  are  equal  to  the  horizontal  component  of  the  reaction  uraN^faR. 
by  the  distance  to  the  assumed  point  of  inflection. 

The  combined  stresses  for  the  combinations  of  cases  (a),  (b),  (e),  and  (d),  as  outlined  above,  are  giTcn  iaok 
8,  9,  10,  and  11  respectively.     In  col.  12  the  greatest  of  these  maximum  values  are  tabulated. 

166.  Design  of  Members  and  Columns. — The  general  principles  govemins  the  design  d 
the  members  of  a  knee-braced  bent  are  the  same  as  those  used  in  the  design  of  the  precedki 
chapter  Table  2  gives  all  data  required  for  the  design.  In  the  truss  under  consideratioii, i 
foTV  of  the  members  are  subjected  to  a  reversal  of  stress.  Such  members  are  to  be  designed  te 
carry  each  of  these  stresses.  The  section  will  therefore  be  determined  for  the  stress  irte 
requires  the  greater  area.  One  member,  g-h,  is  subjected  to  a  small  compression  under  certaa 
conditions.  The  area  required  is  determined  by  the  tension  in  the  member.  However,  sr^ 
the  member  is  likely  to  be  called  upon  to  carry  compression,  the  limiting  l/r  conditions  nnB 
be  met,  which  will  probably  determine  the  make-up  of  the  section.  Where  a  member  is  sdt* 
jected  to  a  large  compression  and  a  smaller  tension,  the  compression  area  determine  tbf 
required  section.  It  is  necessary,  however,  to  examine  the  net  area,  in  order  to  make  certss 
that  proper  provision  has  been  iKade  for  the  tensile  stress.  The  detailed  design  of  a  few  of  tk 
members  will  now  be  taken  up,  and  new  points  involved  in  the  design  will  be  discussed. 

Member  «-/,  the  knee-braoe,  is  subjected  to  a  tension  of  4960  lb.,  and  to  a  oompreasion  of  13,000  lb. ;  the  kac^ 
of  the  member  is  111.6  in.  Try  two  3H  X  8  X  K-in-  angles,  placed  with  the  3H-in>  l^ga  aeparated  by  a  ^fa. 
space.  The  least  radius  of  gyration  of  these  angles  is  1.10  in.;  the  slenderness  ratio  is  l/r  «  111.5/1.10  »  lOli 
the  allowable  working  stress  in  compression  is  8900  lb.  per  sq.  in.;  and  the  area  required  is  13,000/8900  »  \Mn. 
in.     Since  the  working  stress  in  tension  is  16,000  lb.  per  sq.  in.,  the  net  area  required  for  the  tensioii  is  4950/1  fiJU 

»  0.309  sq.  in.     The  groes  area  of  the  aaaunied 


^. 


I 


(b) 
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is  3.86  sq.  in.,  and  the  net  area,  deducting  oDcriwt 
hole  from  each  angle,  is  3.32  sq.  in.  These  areas « 
considerably  in  excess  of  the  required  areas,  but  tie 
value  of  the  ratio  l/r  for  the  assumed  angles  is  lOIi. 
which  is  close  to  the  maximum  allowable.  The  wee- 
tion  must  therefore  be  used. 

Member  o-^  is  subjected  to  a  tension  of  10L20I 
lb.,  or  to  a  compression  of  1370  lb.  The  ana  n- 
quired  for  tension,  which  ia  10.200/16.000  -  0.63» 
sq.  in.,  will  determine  the  design,  but  the  meokr 
selected  must  conform  to  the  limiting  aieodi 
ratio  conditions  required  for  compression 
In  this  case  it  will  be  found  that  a  section  made  «p  <tf 
the  minimum  angles  will  answer  all  requiraMsn. 
Assume  two  2}i  X  2  X  Vi-in.  angles,  the  miniBss 
allowable,  for  which  the  least  r  -  0.78  in.  For  a  length  of  member  of  94  in.,  we  find  that  l/r  «  94/1)  78  • 
120.5,  a  value  slightly  less  than  the  maximum  allowable,  but  acceptable  in  this  case.  The  net  area  of  the 
angles,  deducting  one  rivet  hole  from  each  angle,  is  1.68  sq.  in.  Although  the  area  provided  is  somewhat  in 
of  that  required,  the  section  must  be  used  in  order  to  answer  the  l/r  conditions. 

The  design  of  the  column  and  its  ba^e  presents  some  new  problemSi  which  will  be  discusnd 
in  detail.  As  stated  in  Art.  163,  the  columns  are  three-force  pieces,  which  are  to  be  designed  for 
moment,  shear,  and  direct  stress.  From  Fig.  196  (a)  and  Table  1,  it  can  be  seen  that  the  nun- 
mum  moment  conditions  occur  at  the  foot  of  the  leeward  knee-brace.  Fig.  201  shows  the  foreo 
acting  on  the  column  for  two  conditions  of  loading.  Fig.  (a)  shows  the  combined  forces  due  to 
dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  Fig.  (b)  shows  the  conditkni 
for  dead  load,  snow  load,  and  one-third  wind  load.  Design  methods  similar  to  those  developed 
in  the  preceding  chapter  for  the  design  of  the  top  chord  will  be  used  for  the  design  of  the  columm 
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The  area  of  the  section  will  be  determined  by  the  moment  and  the  direct  stress,  and  the  design 
of  the  details,  such  as  the  lacing  and  the  riveting  of  the  main  angles,  will  be  determined  by  the 
shear.     The  area  of  the  section  will  be  determined  after  which  the  details  will  be  designed. 

The  loading  conditions  for  which  the  column  is  to  be  designed  are:  (a)  compression,  13,420 
lb.;  moment  36,500  ft.-lb.;  shear,  3650  lb.;  and  (6)  compression  15,447  lb.;  moment,  12,167 
ft.-lb. ;  shear,  1217  lb.  In  this  case  it  will  be  best  to  assume  a  section,  and  then  compare  the 
area  required  as  determined  from  eq.  (3)  of  Art.  158  of  the  preceding  chapter  with  the  area 
furnished  by  the  assumed  section. 

Aflsume  a  oolumn  section  oompoeed  of  four  angles  oonneoted  by  lacing,  arranged  as  shown  in  Fig.  201  (e).  This 
■ectkm  must  be  nuule  quite  wide  in  the  plane  of  the  truss*  in  order  to  resist  the  bending  moments.  It  must  have  a 
width  along  the  axis  A'A  such  that  the  allowable  ratio  l/r  «>  125  will  not  be  exceeded,  where  I  -■  one-half  the  total 
heishi  of  the  oolumn.    This  is  founded  on  the  assumption  that  the  base  of  the  column  is  flat  and  that  it  is  rigidly 
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Member 

Stress 
Ob.) 

Length 
(in.) 

Radius 
of 

gyra- 

'tion 

(in.) 

r 

Unit 

stress 

(lb.  per 

sq.  in.) 

Area 
required 
(sq.  in.) 

Section, 
(sq.  In.) 

Area  provided 
(sq.  in.) 

Gross 

Net 

ab 

-31,310 

84 

1.10 

76.5 

10,650 

2.94 

2  ll  3H  X  3  X  Ms 

3.86 

he 

-29.700 

2  li  3H  X  3  X  He 

cd 

-27,080 

2  11  3M  X  3  X  Me 

d€ 

-25,500 

2ll  3H  X3X  Me 

bf  -  dh 

-  3,840 

42 

0.78 

53.0 

12,230 

0.314 

2  ll  2H  X  2  X  H 

2.12 

eg 

-  9,130 
+  1.230 

84 

0.78 

107.8 

8,460 
16,000 

16,000 
8,900 

1.08 
0.078 

2  ti  2H  X  2  X  H 

2.12 

1.68 

If 

+  4,950 
-13,000 

111.5 

1.10 

101.5 

0.309 
1.46 

2  Is.  3H  X  3  X  Ms 

3.86 

3.32 

of 

+26,205 

16,000 

1.64 

2\S.  2HX2HXH 

2.38 

1.94 

fo 

+22,750 

16,000 

1.42 

2\L  2HX2HXH 

2.38 

1.50 

Qif 

+  14,350 

16,000 

0.896 

2  li  2H  X  2H  X  K 

2.38 

1.50 

fc 

+  7,590 
-  7.260 

94 

0.78 

120.5 

16.000 
7,570 

0.475 
0.957 

2  11  2M  X  2  X  M 

2.12 

1.68 

eh 

+  4.240 

16.000 

0.259 

2  11  2H  X  2  X  H 

2.12 

1.68 

oh 

+  10.200 
-   1,370 

16.000 
7,570 

0.638 
0.181 

2  ll  2H  X  2  X  H 

2.12 

1.68 

h€ 

+  14,470 

16.000 

0.905 

2\S.  2HX2XH 

2.12 

1.68 

+  ■■  tension.     —  -■  compression. 
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■umed  Ihst  tha  top  of  the  Dolumn  ia  bald  in  Una  by  mu  e»vc  atrvt.  ■■  itmi 

t  rEHliied  the  full  height  of  the  oolumn  miut  be  uaed.      On  thr  ihan* 

:  so  X  12/126  -  O.M  in.    Anume  four  3K  X  3  X  Ka-in-  andspha 

1-^  la  found  to  be  E.63  in.,  mud  tliBt  for  tbe  axnU 


if  the  preiwdinE  chapter,  vi 


-  70  X  IS  X  13/5.S3  -  13,720  lb.. 


20  ft.  -  240  il 

1.42  >q.  in.    T 


depend  upon  the 
portion  of  the  no! 
that  lineie  lacing 


f.  -  le.OOO  -  70  X  240/1.68  -  10.040 

aaotion  b  therefgre  ample,  u  the  stek  provided  ia 

onditions,  it  will  be  adopted. 

sent  of  the  licinc,  or  other 


-  1.13  +  1.87  -  3.00  aq.  in. 

the  plane  of  the  aiii^-A.     Sin 


■-n  in  Fig.  201  (t 
I  below  the  knee-bcace  ii  SOfiO  lb.,  and  above  the  knea-brace, 
he  farm  ahaHn  in  Fii.  203  (a)  ia  to  be  used.     Below  th> 
ing  bar  ia  36SO  X  lec.  4S*  -  6710  lb.    The  riveta  will  b< 
B  for  bearing,  the  ladng  bar  must  be  ;<  In.  Uddi;  the  rivet  value  will  tben  be  fiOSS  lb-  *hB 


m  ahesr  to  be  earria 
!.  the  shear  in  7300  lb 


The  aiio  of  the  lacing  bar  ia  determined  by  ita  atiength  ai  a  sdumn  and  aa  a  tenaion  member.  Since  tk  ic 
ia  held  rigidly  between  the  lUiglts,  the  unaupported  length,  t.  may  be  taken  aa  half  of  the  total  lenstli,  or,  a 
In  Hg.  202  (al.  J  -  K  X  0  X  aec.  46-  -  fl.SS  in.  Aaauming  the  lardng  bw  to  be  a  SM  X  M-in.  nection.  thcha 
radiua  of  gyraUon  ia  r  -  d/I2  -  0.280  d  -  O.IOS  in.,  and  !/r  -  5S.g.     The  aUowable  workinc  ntnH  ■ 

-  70  X  68.8  -   11,780  lb.  per  aq.  i 
tha  area   rE<)uired  ia  5710/11,780  ■-  Q.titi 
in.     The  aaaumed  aection  providea  2  ; 

-  0.76  eq.  in..   For  a  workina  atres  td  lUi 

6710/19,000-0.268  aq.  in.      Dcdnrtiaca 
rivet  hale  from  the  am  of  the  aret 
oat  area  ia  0.7G  -  0.33  -  0.42  aq.  in. 
'   the  aaaunwd  aeotion  ia  atandard  it 
adopted,  although  it  ia  a   little  taigBtla 
required. 
,  /vi  The  atma  is  the  laeins  bamaliantii 

*  '  knee-brace  will  be  7300  X  ■«.  46*  -  HUt 

lb.  Two  rivets  will  be  required  in  the  lul  i 
each  lacing  bar.  aa  ahown  in  Fie.  202  »).  b 
aome  eaaea  a  plate  ia  Daed  in  pla«  el  III 
lacing  hara.  Thia  ia  often  done  who  «■• 
than  one  rivet  ia  required  in  tbe  end  itf  rad 
bar.  Fig.  (c)  ahowa  an  arrancoment  oltta 
kind.  Tbe  plate  ia  to  be  connected  lilk 
angle*  at  Intervala  determined  from  t 
ditione  ahown  in  Fig.  (c),  where  V  ■ 
on  the  aeotion,  whieh  ia  7300  lb.;  r  . 
FiQ.  202.  value;    and    s    —    diatance    between 

Taking  moment*  about  a  rivet,  we  haT 
■  rh/V.  AaauDiing  a  N-in.  plate,  the  riveta  will  be  in  bearing  and  will  have  k  value  of  KS 
lb.  per  rivet.  Substituting  theae  valuea  in  the  above  equation,  x  -  6S26  X  0.0/7300  -  6.93  in.  In  pivtn  i 
apacing  of  about  4.5  in.  would  he  uaed.     Where  the  detail  ahown  in  Fig.  (d)  is  used,  the  web  pUte  and  (br  iwi 

apliee  are  aufficient.     If  the  aplice  ia  to  be  deaigned  lor  moment  aa  well  for  ahear,  the  piindpka  giTea  ii  U> 
chapter  on  Bpliees  and  Conneotiong — Steel  Membera  muat  be  uaed. 

Fig.  202  («)  showB  a  common  detail  for  the  base  of  a  column  where  fixed  or  partially  fixed ori 
conditions  are  assumed.  A  sole  plate,  generally  about  5i  in.  thick,  is  riveted  to  angles  fast 
to  the  main  angles  of  the  column.  Anchor  bolts  imbedded  in  the  concrete  or  masonry  foumli- 
tions  are  placed  between  pairs  of  anchor  angles.  These  bolts  are  tightened  up  against  ptitt 
waahers  resting  on  top  of  the  anchor  angles.  The  anchor  bolts  are  placed  in  the  plane  of  tbe 
moment  to  be  resisted.  If  the  stresses  are  small,  one  bolt  on  each  side  of  the  baae  of  the  coluiui 
is  sufficient,  but  where  laige  stresses  are  to  be  resist«d,  two  bolts  are  used  on  each  aide. 


Vi,  from  whicb,  i 
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The  conditions  for  which  anchor  bolto  are  usually  designed  are  shown  in  Fig.  203.  Forces  P  and  H  are  deter- 
mined from  Fig.  106  (a),  which  shows  the  portion  of  the  column  below  the  assumed  point  of  inflection.  The  deflec- 
tion A  is  so  small  compared  to  the  other  distances  that  it  can  be  neglected.  As  shown  in  Fig.  203,  the  forces  tend 
to  tip  the  e<dttmn  about  point  A.     Taking  moments  about  A 

M»  -i  Hh  —  Pd/2,  where  M»  -■  overturning  moment. 

Anchor  bolts  are  usually  designed  on  the  assumption  that  they  resist  all  of  '^he  overturning  moment.  If  I  ■■ 
distance  from  point  A  to  the  anchor  bolt. 

Stress  in  anchor  bolt  -  Jf«/I  (1) 

In  some  cases  I  is  taken  as  the  distance  between  anchor  bolts.     No  calculation  of  the  compressive  stress  in  the 
concrete  or  masonry  under  the  base  is  made  in  this  method.    It  is  assumed  that  if  the  compressive  stresses  foun 
by  dividing  the  load  to  be  carried  by  the  area  of  the  base  is  kept  small,  the  added  stresses  due  to  overturning  will 
not  exceed  allowable  limits. 

In  Fig.  204  there  is  shown  the  conditions  for  an  approximate  analysis  of  the  stresses  in  the 
anchor  bolts  and  the  compression  on  the  foimdations.  The  general  principles  upon  which  the 
method  is  based  and  the  assumptions 

1 


made  are  similar  to  those  used  in 
determining  the  bearing  pressures  on 
the  base  of  a  retaining  wall,  as  given 
in  the  chapter  on  Retaining  Walls. 
In  the  case  imder  consideration  the 
additional  assumption  is  made  that 
when  the  overturning  moment  is 
such  as  to  cause  tension  on  any  part 
of  the  base,  that  tension  is  taken  up 
by  the  anchor  bolts. 

Fig.  204  (a)  shows  the  lower  portion  of 
the  column  with  forces  in  position  as  de- 
termined from  Fig.  106  (a).  The  action  of 
these  forces  on  the  base  of  the  column  can 
be  represented  by  a  moment  M  and  a  force 
P,  as  shown  in  Fig.  204  (b).  These  can  be 
represented  by  the  load  P  placed  at  a  dis- 
tance «  from  the  center  of  the  base,  where 


«  -  M/P 


(2) 


The  stresses  on  the  base  can  be  divided  into 
two  parts;  one  part  due  to  the  effect  of  P, 
and  the  other  due  to  M.  These  stresses  are 
shown  in  Figs,  (d)  and  (e)  respectively.  The 
resultant  stress  on  the  base  is  the  sum  of 
these  stresses,  and  is  given  by  the  expression 


K- 


i§l 


+ 


mss^('^) 


(0 


'min 


U^ 


Snin 
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p  -  P/M  (1  ±  6«/d) 


(3) 


where  the  several  terms  have  the  values  shown  in  Fig.  204. 

It  can  be  shown  that  if  e,  as  given  by  eq.  (2),  is  less  than  d/6,  the  stresses  across  the  base  are  entirely  com- 
pression, as  shown  in  Fig.  (/),  and  where  e  is  greater  than  d/6,  tension  exists  on  a  part  of  the  section,  as  shown  in 
Fig.  (y).  From  similar  triangles  in  Fig.  (y)  it  can  be  shown  that  the  portion  of  the  base  covered  by  the  compressive 
stresses  is 


12  V 


1 


+  t)- 


\'i\t    ^ 


6 


) 


(4) 


The  unit  compressive  stress  on  the  foundations  is  given  directly  by  eq.  (3).  To  determine  the  total  tension  in  the 
anchor  bolts,  assume  the  total  tension  is  taken  by  the  anchor  bolt.  This  tension,  T,  is  represented  by  the  volume 
of  the  tension  stress  diagram,  which  is 


-PminY.  {d-x)h 


^(6l-x)W-«) 


(5) 
13.420  lb.  and  M  - 


For  the  case  under  consideration,  it  will  be  found  from  Table  1  and  from  Fig.  108  that  P 
3650  X  5  -  18.250  ft.-lb.  -  210,000  in.-lb.     These  values  occur  in  the  leeward  column. 

The  details  of  the  column  base  are  shown  in  Fig.  202.    For  a  column  section  of  the  dimensions  shown  in  Fig. 
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201.  a  Bole  plate  0  in.  wide  and  20  in.  long  will  be  required.     These  dimensions  will  be  aasumed  for  a  iris] 
From  eq.  (2),  e  -  219.000/13.420  -  16.8  in.;  and  from  eq.  (4),  with  b  -  9  in.,  and  d  -  20  in.. 

"" "  i2-xi6:3(^  +  -~2o~; "  ^^-^^  *'*• 


The  maximum  compressive  stress  on  the  foundation  is  given  by  eq.  (3)  tm 

''-M0+'d)-9X2o0  + 


P/.    .    6e\      13,420/,    .    6  X  16.3\       . .« ,, 

9X2o(^  +   -^CT-)  -  -**2  lb.  per  sq.  in. 


Assuming  a  concrete  foundation,  this  fiber  stress  is  allowable,  for  the  working  compressive 
usually  given  as  650  lb.  per  sq.  in.    The  stress  in  the  anchor  bolt  is  given  by  eq.  (5)  as 

^^{^  _  A'      13.420  X  20/6  Xi6.3 
Xd  )  "     24  X  16.3  V 


in 


T  « 


-  l)'-  10,4801b. 


24«Vd  /  24  X  16.3  \      20 

Since  there  is  considerable  initial  tension  in  the  anchor  bolts  due  to  the  fact  that  they  are  screwed  up  tr 
when  the  structure  is  erected,  and  since  the  overturning  of  the  column  tends  to  add  to  the  initiAl  tension,  it  ii  (« 
to  specify  low  working  stresses  for  anchor  bolts.  An  allowable  stress  of  10,000  lb.  per  sq.  in.  will  therefoRit 
used.  The  required  area  of  anchor  bolt  is  then  10,480/10,000  -■  1.05  sq.  in.  From  the  handbooks  a  1^ 
rod  provides  an  area  of  1.054  sq.  in.  at  the  root  of  thread. 


M^fcDJi 


Fig.  205. 


Anchor  bolts  should  be  imbedded  in  the  concrete  to  a  depth  such  that  the  bono 

developed  will  equal  the  strength  of  the  bolt.  In  this  case  3 
diameters  of  the  bolt,  or  27)^  in.,  will  be  required.  If  a  pbtei 
used  connecting  the  ends  of  the  bolts,  as  shown  in  Fig.  210,  thek- 
bedment  need  not  be  as  great  as  calculated  above.  All  details  of 
the  column  base  and  anchorage  are  shown  on  the  f^eneral  drawis; 
of  Fig.  210. 

The  method  of  analysis  given  above,  while  not  exact,  is  acemyp 
enough  for  all  practical  purposes.  A  more  exact  analysts  cao  far 
made  by  taking  into  account  the  relative  deformationa  of  the  ited 
anchor  bolt  and  the  masonry  foundation.  If  the  foundation  'a  madr 
of  concrete,  the  methods  of  analysis  given  for  Bending  and  Dines 
Stress  in  Sect.  1  can  be  used.  By  this  method  the  stresses  in  tkr 
concrete  will  be  found  to  be  a  little  greater  than  those  ipven  abov^. 
and  the  stress  in  the  anchor  bolt  will  be  slightly  less  than  before. 

The  foundations  for  the  columns  are  designed  by  the  methods  given  in  the  cluster  a 
Retaining  Walls.  The  total  moment  to  be  carried  at  the  base  of  the  foundation  is  H{k  -\-  r 
as  shown  in  Fig.  205.  Maximum  pressures  on  the  soil  can  be  determined  by  the  same  principls 
as  explained  above  for  the  case  shown  in  Fig.  204.  £q.  (3)  will  give  the  desired  pressures,  h 
trial  the  width  of  base  can  be  made  of  the  width  required  to  give  the  desired  stresses. 

166.  Design  of  Joints. — The  principles  governing  the 
design  of  the  joints  are  the  same  as  used  in  the  preceding 
chapter.  Field  splices  will  be  provided  at  joints  ^  and  e  of 
Fig.  197.  The  columns  will  be  field  spliced  to  the  truss  at 
joint  a,  and  the  knee-brace  will  be  field  spliced  at  both 
ends.  Field  splices  will  also  be  placed  at  corresponding 
points  on  the  right-hand  side  of  the  truss.  From  the 
shearing  and  bearing  values  given  in  Art.  163,  the  single 
shear  value  of  a  shop  rivet  is  4420  lb.,  and  the  bearing 
value  on  a  ^-in.  plate  is  5625  lb.  CJorresponding  values 
for  field  rivets  are  3310  and  4420  lb.,  respectively.  Where 
a  member  is  subjected  to  tension  and  compression,  the  con- 
necting rivets  are  to  be  determined  for  the  greater  stress. 

All  joints  will  be  practically  the  same  as  for  the  truss 
designed  in  the  preceding  chapter,  except  joints  /  and  a.  At  joint  /  the  knee-brace  must  be 
connected  to  the  gusset  plate.  A&  a  field  splice  is  to  be  provided  and  since  the  rivets  are  ia 
bearing  on  a  ^-in.  plate,  the  rivet  value  is  4220  lb.  The  maximum  stress  in  the  knc^ 
brace  is  13,000  lb.  compression,  and  13,000/4420  ^  3.08  rivets  are  required;  three  wiD be 
used.  To  provide  for  these  rivets  the  gusset  plate  at  /  will  be  enlarged,  as  shown  on  the 
general  drawing,  Fig.  210. 
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Fig.  206  ahowB  the  conditionfl  at  joint  a.  Membere  a-b  and  o-/  are  connected  by  shop 
.vets,  and  the  column  is  connected  by  field  rivets.  Prom  Table  1,  the  maximum  atresa  in  the 
t>E>«r  end  of  the  column  is  ie,030  lb.  Hence  16,030/4420  ^  4  riveta  are  required.  Fig.  206 
tio^rs  6  in  place. 

mn),  whirs  it  i>  conDBcied  to  the  eolumn,  an  shown  in  FiK-  207.    TlirM 


Kid    riveU  are 

required  in  the  en 

DimEctioDi  to  the  <■ 

■    iKced  aboVB 

and  bdo»  the  k 

ng.  207  (b)  ihowi  ■  detail  in  which  a  plats  ia  lued 
bovs  the  linco-bniM  becBUoe  of  heavy  ihsan  which  can- 
LOt   be  provided  for  by  mean*  of  lacing.      In  this  detail 

IiKir  of  short  aa(ks  riveted  to  the  column  aogla. 
VlieD  the  kDM-braon  in  in  tension,  these  riveta  are  sub- 
eoted   to  a  direct  pull,  and  are  in  tenaion.     From  Table  ,  , 

.  thBmuimumten«oniiithekDee-bnceig4eS0tb.     Aa  ("•'  (V 

liown,  8  rivete  are  provided  to  taka  the  component  of  P,^    207 

lie  tenaion  perpendioular  to  the  column,  which  ia  40A0  X 

M/1I1.5  -  4160  lb.     ThedinetteuaionaneachiivetiB4160./S  -  620  lb.,  which  ean  eifcly  becarriedbrtberlveU. 
Wlicn  lart*  ttmMa  ia  tendon  are  to  be  carried  by  the  riveta,  turned  bolta  ehould  be  lubstitnted  for  the  rivEta 

Vis.  303  (dj  ahowa  another  detail  (or  tfaie  joint.  It  ia  a  combination  of  the  forma  ahown  in  Flga.  302  (o)  and 
b)  Aa  ahown  in  tig.  203  (d)  the  guHct  plate  and  the  web  piste  are  eonceeted  by  a  amall  plate,  by  meena  of  which 
Ihe  Bhenr  ia  trananiitted  acmia  the  Joint.  Where  a  web  pUtc  ia  uiad  in  Pig.  206  in  place  of  laeinfc.  a  aimilar  plate 
must  be  provided.  In  tha  caaeunderoonaideratiDn.  the  web  plate  ia  supposed  to  provide  only  tor  the  ahearics  stres- 
tvm-  For  larfe  columna  the  web  plate  ii  often  deaigned  to  carry  moment  aaweD  aaahear.  The  oonnection  between 
■rub  and  (uaset  plate  muat  then  be  deaigned  for  shear  and  moment,  aa  aiplained  in  the  chapter  on  Splioea  and 
DoQDectlDns^Btecl  Members, 

167.  Design  ot  Girts. — It  will  be  aasumed  that  the  sidcB  and  ends  of  the  building  are  to  be 
covered  with  corrugated  steel  backed  with  a  suitable  anti-condensatian  lining.  T^e  siding 
will  be  spported  by  girta  composed  of  rolled  sections.  As  stated  in  Art.  163,  the  unit  wind 
pressure  will  be  taken  as  20  lb.  per  sq.  ft.,  and  the  working  stress  in  the  girts  will  be  16,000  lb. 

The  principles  governing  the  design  of  the  girta  are  similar  to  those  given  for  the  design  ot 
pttrlina  in  the  chapter  on  Design  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  The  girt«  are  to  be 
designed  for  a  vertical  load  due  to  the  weight  of  the  girt  and  the  siding  and  its  lining,  and  a 
horizontal  load  due  to  the  wind  pressure.  Corrugated  steel  of  No.  24  gage  will  be  used  for  the 
aidiDg.  From  the  data  given  in  the  chapter  on  Roof  Trusses — General  Design,  the  siding  weighs 
1.3  lb,  per  sq.  ft.,  and  the  allowable  safe  span  is  4.6  ft.  It  will  be  convenient  in  this  case  to 
divide  the  height  of  the  building  into  six  spaces,  placing  the  girts  *%  ~  3  ft.  4  in. apart.  On 
the  sides  of  the  building  the  columns  are  spaced  15  ft.  apart,  and  the  wall  area  carried  by  each 
girt  is  15  X  3^  ~  ^  ^Q'  f^-  Assuming  that  the  anti-condensation  hning  is  composed  of  two 
layers  of  ^fa-in.  asbestos  paper  and  two  layers  of  tar  paper  backed  by  poultry  netting,  all  of 
which  weighs  about  1.3  lb.  persq.  ft.,  the  weight  of  siding  and  lining  ia  1.3  +  1.3  ^  2.61b.  per 
sq.  ft.,  and  the  total  load  per  foot  of  girt  is  2.6  X  3.33  »  8.66  lb.  The  wind  load  per  foot  of 
girt  is  20  X  3.33  =  66,71b. 

As  shown  in  the  chapter  on  Roof  Trusses — General  Design  and  in  Fig.  210,  girts  are  often 
made  from  channel  sections  placed  with  the  web  perpendicular  to  the  siding,  and  they  are  at- 
tached to  the  columns  by  rivets  in  the  flanges  of  the  channel.  When  so  placed,  the  discussion 
given  in  the  chapter  on  Unaymmctrical  Bending  in  Sect.  1  shows  that  the  channel  presents  its 
axis  of  least  moment  carrying  capacity  to  the  action  of  the  vertical  loads.  To  relieve  the  heavy 
bending  atressea  thus  induced,  tie  rods  can  be  used  extending  vertically  to  the  eave  strut,  or 
running  diagonally  from  the  top  girt  to  the  upper  ends  of  the  columns.  It  is  not  always 
possible  to  use  tie  rods  due  to  interference  with  openings  in  the  walls  for  doon  and  windows. 
When  tie  rods  are  used  it  is  reasonable  to  assume  that  the  girt  takes  the  boriiontal  load,  and  that 
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6&J/h 


Force  Diagram 


Fig.  208. 


the  tie  rods  provide  for  the  vertical  loads.     Two  designs  will  be  made,  one  with  tie  rodi, 
the  other  without  tie  rods,  assuming  the  girt  to  be  a  beam  under  unsymmetrical  loading. 

A88uming  that  tie  rodB  are  used,  and  that  the  girt  takes  only  the  horiiontal  wind  pressure,  the  totaJ 
distributed  load  to  be  carried  by  a  girt  is  50  X  20  -  1000  lb.    The  moment  to  be  carried,  aaauminc  aii 
conditions.   i»  M  "  H  Wl -^  1000  X  15  X  ^H  "  22,500  in.-lb.     For  a  working  atresa  of  16.000  lb.  per  aq 
the  section  modulus  required  is  I/c  -  M/f  -  22,500/16.000  -  1.41  in.*    If  the  least  width  of  the  seetaoa  be  L> 
to  Mo  of  the  span  in  order  to  avoid  excessive  deflection,  the  minimum  allowable  girt  section  is  a  S-in.  6.S4b 
section.     The  sise  of  the  tie  rod  can  be  determined  by  the  methods  given  in  the  chapter  on  Desicn  of  Pui» 
Sloping  Roofs  in  Sect.  2. 

Consider  now  the  case  where  tie  rods  are  not  used  and  the  girt  is  subjected  to  unsymmetricml  bending. 
<»  6-in.,  8-lb.  channel  section  as  a  girt.     The  total  vertical  weight  of  siding,  lining,  and  girt  is  then  8.66+  ftJH 

16.06  lb.   per  foot  for   each  girt.     Aa  s: 
4. 3  In.  ^       above,  the  horisontal  wind    load  per  fo(4^ 

girt  is  66.7  lb.     The  resultant  of  tiiesF 
as  shown  by  the  force  diagram  of  Fig.  afti 
69.0  lb.     Two  cases  will    be   oonsidefed. 
moment  due  to  resultant  load  of  69.0 1> 
ft.  of  girt,  and  (6)  moment  due  to 
loading.      For   case    (a)   the    momcBt  t» 
earriedia69  X  15  X  ^^  -  23,280 i]L.-lb^j 
Si  -  M/f  -  23.250/16,000   -   1.45  in.*, 
for  case  (6)  M  -  16.66  X    15*  X  ^K  - 
in.-lb.,  and  St   »   563O/16.OO0   -  0.353 
These   values    of   8i  and    S%    are  pioCtod 
amount  and  direction  to  scale  in  Fig.  208  (6).     In  the  same  figure,  the  &>Polygon  of  a  6-in.,  8-lb.  channel  it 
constructed  by  the  methods  explained  in  the  chapter  on  Unsymmetrical  Bending  in  Sect.  1.       Since  the 
values  fall  inside  the  8-line  for  the  assumed  channel,  the  section  is  satisfactory,  and  it  will  be  adopted. 

In  practice,  girt  sections  are  used  which  are  considerably  smaller  than  the  section  arrived  at  in  thisdoict 
Where  theory  and  practice  differ,  as  they  do  in  the  case  under  consideration,  the  designer  must  rely  apos  bi 
experience  and  judgment  in  making  a  choice  of  the  sections  to  be  used  for  the  girts.  In  this  case,  theory  wL  W 
assumed  to  govern,  and  the  adopted  details  will  be  as  shown  in  Fig.  210. 

168.  Design  of  Bracing. — The  design  of  the  bracing  wili  be  governed  by  the  adopted  ar- 
rangement, which  in  turn  is  governed  by  the  layout  of  the  building.  A  general  discusskn  tf 
the  form  of  bracing  for  buildings  composed  of  knee-braced  bents  has  been  given  in  Art.  129. 

To  illustrate  the  general  methods  for  the  design  of  the  bracing  of  a  knee-braced  buildisi. 
it  will  be  assumed  that  the  structure  under  consideration  in  this  chapter  consists  of  7  ba>'s  of  15ft 
each,  as  shown  in  Fig.  209.  Two  arrangements  of  bracing  are  shown  in  Fig.  209.  In  Fig.  \z 
(6),  and  (c),  the  framing  for  the  end  of  the  building  consists  of  vertical  posts  to  which  thefpnt 
are  attached.  Bracing  in  the  plane  of  the  top  chord,  the  bottom  chord,  and  the  planes  of  tbs 
columns  is  provided  for  two  pairs  of  trusses.  Wind  loads  from  the  ends  of  the  building  sr 
brought  to  the  lateral  trusses  by  means  of  rigid  bracing.  Unbraced  bents  are  connected  br 
means  of  a  line  of  struts  at  points  g  and  g'  of  Fig.  197,  by  struts  at  the  eaves,  and  by  a  line  J 
struts  at  the  ridge. 

Figs.  209  (e),  (/),  and  ijg)  show  an  arrangement  wherein  knee-braced  bents  are  placed  si 
the  ends  of  the  building.  These  end  bents  are  made  the  same  as  the  others,  so  that  futinr 
extensions  in  the  length  of  the  building  are  readily  made.  The  figures  show  the  position  d 
the  other  bracing.  As  the  design  methods  for  the  two  arrangements  are  similar,  detailed  calfo- 
lations  will  be  given  only  for  the  arrangement  of  Figs,  (a)  to  (d)  inclusive.  Both  of  the  arranfe 
ments  for  end  bracing  shown  in  Fig.  209  are  used  in  practice.  The  arrangement  of  Figs,  (a]  to 
(c)  is  probably  cheaper  than  the  one  shown  in  Figs,  (e)  to  {g),  for  in  the  first  arrangement  all d 
the  members  are  simple  beams  composed  of  rolled  sections,  such  as  I-beams  or  channck 
Very  little  shop  work  is  required  on  these  members.  In  the  second  arrangement,  the  msat 
amoimt  of  shop  work  is  required  as  for  the  other  knee-braced  bents,  for  all  are  made  alike. 
This  shop  work  costs  several  times  as  much  as  that  for  the  first  arrangement.  The  ease  vitk 
which  the  building  can  be  extended  is  about  the  same  in  both  cases.  When  the  entire  end  of  tk 
building  is  to  be  opened  at  certain  times,  the  second  arrangement  is  preferable. 

In  general  the  design  of  the  bracing  for  a  structure  composed  of  knee-braced  bents  coih 
sists  in  the  determination  of  the  wind  loads  applied  to  the  sides  and  ends  of  the  building,  and  i& 
the  provision  of  bracing  of  suitable  size  so  located  as  to  transmit  the  applied  loads  to  the  foundi- 
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.ions  of  the  Btnicture.  The  knee-braced  bents  provide  the  proper  reBistonce  to  wind  on  the 
lides  and  roof  of  the  Htructure.  Provision  for  these  loads  has  already  been  made  in  the  design 
>f  the  preceding  articles.  In  the  first  arrangement  shown  in  Fig.  209,  diagonals  pUced  in  the 
^lane  of  the  ends  of  the  structure  provide  for  the  loads  not  carried  directly  by  the  knee-braced 
>cntB.  All  wind  loads  applied  to  the  ends  of  the  building  are  provided  for  by  the  bracing  shown 
in  Figs.  (6)  and  (e),  or  in  Figs.  (J)  and  (g). 

lupportod  by  the  foundBtion  at 
nves,  showD  by   the  daabed  li 


O  ft.  If  the 
id  loading  of  20  lb.  per 
■  lued,  the  load  to  be  c«ni»d 
,t  cif  verliad  hdsht  la  20  X 
-  250  lb.,  and  the  beDdinc 
intiBjtf-Mirf'-MX 


■  unit  ilran  of  111.000  lb  per 


•rUcli 

reducsd  wind  load  of  20  lb.,  w 
■tated  in  Art.  103,  the  Kotiaa 
moduliu  rHiuired  i>  I/t  -  U/f  - 
150,000/16,000  -  g  38  in.*  From 
thesteelhvidbooka.ftT-in.,  16-1b. 
1-beftia  ii  required.  The  earne 
■eotioD  irill  be  usBd  for  all  metn- 
ben.  The  rafter  A-B-D  i>  da- 
■ijined  by  uaular  methods,  mine 
the   total  low]  to  be  carried  by 
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the  building  ia  cacried  directly  t 
ths  foundulong.     In  ^,  (<t),  the 
area  under  conalderatkin   ia  that 
below  the  line  a-a.    The  biUnce 
of  the  loada  will  be  Mnined  u  carried  at  pdnta  A,  fi. 
pointa.     Fig-  W)  ahovB  the  OMumed  distribution  of  are 
poinla.     At  20  lb.  per  >q.  It.,  the  loads  brought  to  the  i 
of  1560  lb.  at  the  apei  of  thr  truu  ia  aaaumed  to  be  caj 
plane  of  the  top  ohord.     II  tfaia  braeing  be  anumed  to  1 
then  are  four  membera  in  pooition  to  take  the  load.     1 
*  ••  angle  which  the  member  makca  with  the  direetioa  a 
two  pooela  of  the  top  dioid,  or  14  ft,,  and 
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iT  panela  of  the  top  chord  bri 


in  Plane  of  Lower  Chord 


7t  D,  and  B  En  proportion  to  the  areaa  tributary  to  th^K 
a.  The  number*  ihow  the  areas  tributary  to  the  aeveral 
■veral  pointa  are  as  ahown  on  Figs.  (6)  and  (r].  The  load 
ried  along  the  ridge  strut  to  the  two  Beta  of  bracing  in  the 
e  composed  of  membera  capable  of  carrying  tenaioa  only, 

the  wind.  In  tbia  case  the  panela  of  bracing  extend  ovei 
15  ft.  apart.  Therelore.  sec  «  -  (14i  +  1E')W/16-  1.37. 
t  then  1560  X  1.37/4  -  fi3£  ]b. 

carry  thia  toad,  and  the  itress  in  each  member  ia  3130  X 
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The  ■tntM*  io  tha  hncini,  u  aUcuIaled  above,  ut  all  vary  nntll. 

■hown  in  Fis.  210. 

Tho  lo&da  KtinE  on  tbe  bnciaic  in  the  plune  of  the  loinr  chord  an  ghown  In  Fie.  M-  TbeM  loub  an 
billed  to  (he  braciDg  by  means  of  itruU  conneclmg  painta  B,  C  and  b,  c.  Aa  Ibe  loads  are  anull.  liw  u 
(tniU  will  be  df  (ermiDHl  by  I/'  oondiliona.  The  length  of  atrut  £6  la  (12.£>  -1-  IS>)^  -  106  ft.  Aathiia* 
are  very  amall  it  ia  reaaonable  to  aUov  a  muiinuin  value  o[  t/r  -  ITS.  Thpn  r-  IS.SX  I3/17S  - 
the iteel  handbook! two 4  X  3  X  Hi-ln-anglei  with  the4-ln.1eEBKP«rB<ed  by  B^-iD.apsoehBveKn 
■Betion  ia  oonaidembly  larger  than  the  one  uaed  in  practice.  For  the  aamc  leaaona  aa  Biven  at  thv  cJciae  <tf  An.  IT 
tha  above  dengn  will  be  adopted,  aa  ahown  in  Fi(.  310. 

The  load  at  pointa  c  of  Pic.  (c)  ia  brought  to  thia  point  from  ioinla  B  and  C  by  tbe  atruU  Cr  K&d  Br.     Frs  i 
conditionaat  pdnla  C.  it  can  be  aeen  that  the  two  ttruta  Cee^eb  have  a  aamponent  of  atrMa  pusIM  lotki. 
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Era.  210. — General  drawing  ol  knee-braced  roof  trusa. 

whiehiaequallooDe-half  of  theload,  Bimilar  conditiona  hold  torglruta  Aband  Bi^at  joint  5.  Thenfon  tblk 
brought  to  point  C  a  H  tSGOO  +  3,2S0)  -  3ST0  lb.  AHUming  that  the  diagonala  carry  teneion  only,  and  dulu 
loada  are  carried  by  tha  diagonal!  in  both  acta  of  bracing,  the  atren  in  meoibera  b-dUH  X  3070  X  aec  I  -  IMi 
The  miniRium  section,  which  in  a  2H  X  2  X  >i-in.  anile,  will  romiah  luffici^Dt  area.  Tbe  linea  o(  stniU  FoDaKW 
the  two  panels  of  brsriog  in  the  plane  of  the  lower  chord  will  be  made  of  the  geclion  aa  uaed  [or  strut^  Ci.  iV. 
FJK  209  »)  shoKB  the  braring  in  the  plane  of  the  coluTuna.     All  oI  the  wind  load  above  Ibe  Une  a-a  ol  Ta  . 

load  to  be  carried  by  each  set  of  column  bracing  is  8120  lb.  AasuminK  that  membera  Uke  teiuion  only,  luin 
1-6  each  hare  a  iitress  of  K  X  SISOX  >ee«  -  7060  lb.  A  2H  X  2  X  K-in- aoitle  will  provide  auffitwnt  am.  t 
aamecaaeiroiig  are  uaed  in  place  of  rolled  aeetioua.     When  roda  are  uaed  they  are  faitened  to  a  gusaet  plate  by  vw 


Thei 


veted  jc 
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Complete  details  of  the  Btnicture  designed  in  the  preceding  articles 
drawing  of  Fig.  210. 
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ARCHED  ROOF  TRUSSES 
By  W.  S.  Kinnb 

169.  Fomi  of  Arch  Trusses. — Roof  tnusses  of  the  type  designed  in  the  preceding  chapters 
do  not  in  general  provide  an  economical  structure  for  spans  exceeding  100  ft.  A  more  econo- 
mical type  of  roof,  truss  for  long  span  trusses  is  provided  by  the  arch  type.  As  stated  in  Art. 
121  of  the  chapter  on  Roof  Trusses-General  Design,  an  arch  is  a  type  of  framed  structure  in 
which  the  reactions  at  the  supports  are  inclined  to  the  vertical  for  all  conditions  of  loading. 

Arches  used  for  roof  trusses  are  usually  classified  according  to  the  method  of  supporting 
the  structure,  and  according  to  the  type  of  framing.  As  arches  are  commonly  supported  at 
the  abutments  by  means  of  pins,  which  are  known  as  hinges,  the  method  of  supporting  the  arch 
is  designated  by  the  number  of  hinges  used.  In  Fig.  211  (a)  is  shown  a  type  of  arch  which  is 
rigidly  fastened  to  the 
abutments  without  the 
use  of  hinges.  This  is 
known  as  a  hingless  arch. 
Fig.  211  (6)  shows  a  type 
in  which  two  hinges  are 
used,  one  at  each  abut- 
ment. This  is  known  as 
a  two-hinged  arch.  In 
many  cases  a  third  hinge 
is  provided  at  the  crown 
of  the  arch,  as  shown  in 
Fig.  211  (c).  This  is 
known  as  a  three-hinged 
arch. 

In  general,  two  types 
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Hir^less 


lyvo  Hinged 
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of  framing  are  used  for  ^WO  Hinged  Bruced  AtcH 
arched   roof  trusses.     A 
very  common  type  con- 
sists of  a  trussed  frame  work  of  the  form  shown  in  Fig.  21 1  (d).     This  type  is  known  as  a  braced 
arch.     The  type  shown  in  Fig.  211  (e)  is  a  plate  girder  form,  which  is  known  as  a  ribbed  arch. 

An  arched  roof  truss  is  generally  designated  by  a  combination  of  the  two  classifications 
given  above.  Thus  Fig.  211  {d)  shows  a  two-hinged  braced  arch.  Other  classifications  are  in 
ti&e,  but  the  one  described  above  is  widely  used,  and  is  comparatively  simple. 

A  great  variety  of  arch  trusses  have  been  used  in  building  construction.  Many  of  these 
structures  are  described  in  architectural  and  engineering  periodicals.  Examples  of  arches  of 
the  several  types  given  above  will  be  shown  and  the  relative  advantages  of  the  several  types 
will  be  discussed.  In  general  it  can  be  said  that  an  arch  truss  requires  rigid  and  practically 
unyielding  abutments,  since  arches,  with  the  exception  of  the  three-hinged  type,  are  statically 
indeterminate,  and  any  yielding  of  the  supports  will  result  in  large  changes  in  the  stresses  in 
the  members. 

Hingeless  arches  supported  directly  on  the  abutments,  as  shoiivn  in  Fig.  211  (e),  are  seldom 
used  in  building  construction.  This  type  of  arch  requires  absolutely  rigid  supports,  a  condition 
which  is  difficult  to  realize  in  practice.  In  framing  the  roofs  for  some  of  the  recent  large  termi- 
nal railway  stations,  arch  trusses  are  used  which  are  riveted  to  heavy  colunms.  As  the  columns 
are  very  heavy,  they  form  practically  a  rigid  support  for  the  arch,  which  can  therefore  be 
assumed  as  a  hingless  arch. 

The  two-hinged  type  of  arch  is  used  to  great  advantage  where  a  comparative  rigid  structure 
is  desired — as,  for  example,  where  floors  are  to  be  supported  over  a  large  drill  hall  or  auditorium. 
This  type  of  construction  is  used  in  the  Armory  and  Gymnasium  of  the  University  of  Wisconsin* 
Fig.  212  shows  a  cross  section  of  the  building  and  the  general  outline  of  the  arch  trusses. 
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Two-hinged  arches  require  rigid  supports,  but,  due  to  the  fact  that  hinges  are  suppbedc 
the  supports,  the  moment  at  these  points  is  zero.  Hence  the  abutments  can  be  designed  k 
direct  thrust  only.  If  the  foundation  conditions  arc  uncertain,  or  if  the  points  of  supfxr 
are  considerably  above  the  ground  level,  as  shown  in  Fig.  212,  the  horizontal  components  of  tat 
reactions  can  be  taken  by  means  of  a  tie  rod  which  connects  the  two  end  hinges.  In  FigJU 
this  tie  rod  is  placed  just  under  the  floor.  Where  tie  rods  are  used,  it  is  usual  to  anchor  one ea 
of  the  arch  to  the  abutments,  and  to  place  the  other  end  on  sliding  plates  or  on  roUcn.  k 
this  way  the  abutments  can  be  designed  to  take  up  the  vertical  loads,  and  the  tie  rod  cu  > 
designed  to  take  up  the  horizontal  forces. 

Three-hinged  arches  are  somewhat  more  flexible  than  arches  of  the  other  types,  and  » | 
used  advantageously  for  structures  in  which  only  a  roof  load  is  to  be  carried.      Arches  d tar 


FxQ.  212. — Section  of  Rym  and  armory, 
University  of  Wisconsin. 
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three-hinged  type  arc  statically  determinate — that  is,  all  stresses  can  readily  be  determined  h 
the  methods  of  simple  statics.  In  this  respect  they  have  a  great  advantage  over  the  othertjpb 
as  the  work  required  in  stress  calculation  is  greatly  simplified. 

Many  three-hinged  arches  of  long  span  have  been  constructed  in  recent  years  for  use  i 
drill  halls,  auditoriums,  and  exposition  buildings.  A  typical  three-hinged  arch  constractkfti 
used  in  the  drill  hall  at  the  University  of  Illinois.  This  structure  is  described  in  the  fflf 
News  for  Dec.  11,  1913,  p.  1 182. .  Fig.  213  shows  the  form  and  general  dimensions  of  the  arde 
In  buildings  in  which  a  large  floor  is  surrounded  by  galleries,  the  members  of  the  arch  fnar 
interfere  with  free  passage  along  the  gallery,  as  sho'vi'n  in  Fig.  214.     This  diflficulty  has  l<ff 

avoided  in  certain  structures  by  placing  the  arch  on  cantilever  brackets  thsi 
the  gallery  level.  A  structure  arranged  in  this  manner  is  described  in  £v 
NewSf  vol.  63,  No.  18. 

The  spacing  of  arch  trusses  to  be  adopted  in  a  given  structure  should':' 
rather  wide.  Since  in  general  the  trusses  are  quite  heavy,  and  since  toast 
erable  shop  work  is  required,  the  cost  of  the  trusses  per  square  foot  of  co¥«s 
area  is  large.  Therefore,  to  obtain  economical  conditions  a  wide  spacing  i 
trusses  must  be  used,  as  shown  by  the  discussion  given  in  the  chapter  on  ^ 
Trussefc — General  Design.  In  general,  a  truss  spacing  of  from  25  to  40  ft-i 
used.  This  spacing  requires  the  use  of  framed  trusses  between  the 
These  trusses  act  as  purlins,  and  also  form  part  of  the  bracing  required  for  the  arches, 
design  of  the  purlins  and  the  roof  covering  is  carried  out  by  the  methods  used  in  the  p: 
chapters. 

The  shape  of  an  arch  truss  is  generally  determined  by  the  architectural  features  of 
structure.  From  the  standpoint  of  the  structural  designer,  it  is  desirable  that  the  adopted  f* 
of  the  arch  be  one  that  can  readily  be  laid  out.  This  assists  greatly  in  the  preparation  of 
stress  diagrams  and  the  working  drawings.  A  form  of  arch  whose  outline  is  compoeed  of 
cles,  or  a  combination  of  circles,  is  desirable  from  this  standpoint. 
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Suppose  that  in  a  given  ease  it  has  been  decided  that  an  arch  composed  of  circles  is  to  be 
formed  to  pass  through  the  points  A,  Bj  C,  D,  and  E  of  Fig.  215.  Suppose  further,  that  A jB 
is  a  single  arc,  and  that  EC  is  composed  of  two  arcs  wliich  are  tangent  at  £).  Formulas  for  the 
determination  of  the  required  radii  will  now  be  given.  These  formulas  are  all  based  on  propo- 
sitions given  in  plane  geometry,  to  which  the  reader  is  referred  for  proofs. 

From  plane  geometry,  the  formula  for  the  radius  of  a  segment  of  a  circle,  for  which  the 
chord  and  the  rise  or  mid-ordinate  are  known,  is 

(H  chord)*  +  (rise)* 


Radius  = 


2  X  rise 


As  stated  above,  AB  is  the  arc  of  a  circle.     Fig.  215  shows  that  }4  chord  «  ^K,  and  rise 
—  BK.     These  distances  can  be  scaled  from  a  layout  of  the  arch,  or  calculated  from  given  data. 

Hence, 

{AK)^  +  {BKy 


R  = 


f 


2BK 


Honwn/ai 
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In  the  same  way,  the  radius  of  the  arc  DC  is 

_  (PL)'  4-  JfiLY 
^' 2CL 

Since  arcs  DC  and  DE  are  tangent,  the  center  for  arc  DE 
lies  at  G,  a  point  on  radius  DF,  The  value  of  R\  can 
be  calculated  by  methods  similar  to  those  used  above. 
In  general,  the  rise  of  the  arc  ED  is  so  small  that  it  can 
not  be  scaled  with  sufficient  accuracy.  However,  by 
measuring  the  vertical  and  horizontal  projections  of  the 
arc  DE  and  the  angle  a  included  between  the  radius  DF 
and  the  vertical,  easily  measured  distances  are  obtained. 
For  the  distances  given  in  Fig.  215,  it  can  be  shown  that 

_  ,        {EMY  4-  (Af  D)' 
^*      "^JWDcosa-^&Msina 

Many  different  arrangements  of  web  members  are 
used  in  framing  a  braced  arch.  Two  common  methods 
are  shown  in  Fig.  215.  In  Fig.  (a)  the  web  struts  are 
placed  on  the  radii  of  the  chord  members.  In  some  cases 
the  radii  of  the  top  chord  are  used ;  in  others  the  radii  of 
the  lower  chord  are  used ;  and  in  a  third  case  the  radii  of 
an  arc  half  way  between  the  two  chords  are  used.  Fig.  (&)  shows  a  case  in  which  these 
members  are  placed  in  a  vertical  position.  In  Figs,  (a)  and  (6),  the  other  web  members 
are  placed  at  about  45  deg.  to  the  struts.  The  panel  lengths  are  usually  arranged  so  that 
this  is  possible. 

The  adopted  arrangement  of  truss  members  will  depend  to  some  extent  on  the  type  of 
roof  framing  which  is  to  be  used.  If  the  purlins  are  seated  on  the  top  of  the  upper  chord  members, 
either  arrangement  can  be  used.  In  general  this  implies  comparatively  close  truss  spacing  so 
that  rolled  shapes  can  be  used  as  purlins.  If  deep  trussed  purlins  are  used,  it  is  desirable  that 
they  be  placed  in  a  vertical  position.  Hence  a  framing  with  vertical  members  is  best  adapted 
to  this  construction. 

170.  General  Methods  for  Determination  of  Reactions  and  Stresses. — The  several  types 
of  arch  trusses  will  be  considered  in  the  order  determined  by  the  difficulties  encountered  in  the 
determination  of  the  reactions.  This  order  is  (a)  three-hinged  arches,  (&)  two-hinged  arches, 
and  (c)  hingeless  arches. 

The  calculation  of  reactions  and  stresses  in  arch  structures  can  be  made  either  by  algebraic 
or  by  graphical  methods.  In  general,  graphical  methods  will  be  found  preferable,  for  the  calcu- 
lation of  the  lever  arms  of  members  and  forces  in  the  algebraic  method  requires  considerable 
time.  However,  in  many  cases  these  lever  arms  can  be  scaled  with  sufficient  accuracy  from  a 
large  scale  drawing  of  the  truss.     Under  such  conditions,  the  two  methods  require  about  the 
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same  amount  of  time.     In  the  work  to  follow,  algebraic  and  graphical  methods  will  be  giici 

the  solution  of  reactions  and  stresses. 

170(a)   Thrde-Hlnged  Arches — Algebraic  Solution  for    Reactions, — ^Let  F^j 

216  represent  a  three^hinged  arch  acted  upon  by  loads  Pi,  Ps,  and  P%,     It  will  be 

that  the  points  of  support,  A  and  B,  are  on  the  same  level.     The  reactions  at  A  and  B  esi 

represented  by  two  forces  at  each  pot 
'i\3f  3iP  Let  Hi,  Vi,  and  Ht,  Fi  represent 

forces,  assumed  to  act  as  shown. 

At  first  sight,  the  problem  in  '^ 
terminate,  for  there  are  four 
forces  present,  and  as  stated  ia 
chapter  on  **'  Principles  of  Statin' 
Sect.  1,  only  three  unknowns  can  be 
termined  in  any  system  of  non 
rent  forces.  However,  the  introdiietal 
of  a  hinge  at  the  crown,  point  CciYt 
216,  reduces  the  moment  at  this  poiist 
zero.  This  can  be  made  the  basis  dai 
independent  moment  equation.  Ta 
equation,  together  with  three  eqatasj 
derived  from  the  conditions  of  equflibiiB 
stated  in  Sect.  1,  gives  rise  to  fourii^ 
pendent  equations  from  which  the  tat 
tions  can  be  completely  determined. 

In  applying  the  four  independs: 
equilibrium  conditionB  stated  abonl 
the  determination  of  the  reactioDi  k 
the  conditions  shown  in  Fig.  215,  it  rl 
be  found  convenient  to  use  mosff 
equations  about  A  and   B^  considais 

the  structure  as  a  whole.     Thus  from  moments  about  B  equal  zero,  we  have 


a 


from  which 


Vil  -  PiC  -  Pjd  -  PaC  =  0 

Pie  -{-P^i+Ptc 


ri= 


In  general  terms,  this  can  be  written 


Vi  = 


I 

I 


vhere  P  =  any  load,  xb  =  distance  from  moment  center  B  to  this  load,  and  /  ^  span  lei^ti 
The  value  of  Fs  is  given  by  a  similar  moment  equation  about  point  A,  from  which 

^Pxa 


F2   = 


/ 


where  xa  is  the  distance  moment  center  A  to  any  force  P. 

On  separating  the  structure  at  the  crown,  as  shown  in  Figs.  216  (c)  and  (&),  and  writiat 
moment  equation  about  point  C  for  the  forces  on  the  left  of  the  point,  as  shown  in  Fig.(&),v* 
have 

+  Via  -  Pik  -  Pig  -  Hih  =  0 
from  which 

„        Via  -  Pife  -  P,g 

i?i= 1 (J 

In  the  same  way,  moments  about  C  for  loads  on  the  right  side  of  the  crown,  as  shown  in  Fx 
(c)  gives 

+  V^  -P4  -  Hih 
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Vfi-PJ 


(4) 


If  K  check  on  the  calculated  values  is  desired,  it  can  bo  obtained  by  summatioa  of  vertical  and 
horizontal  forces  for  the  structure  as  a  whole,  from  which 
Fi  +  r,  =  SP  cos  tf 

H,-H,-  IP  Bin  9 
where  P  is  any  load  and  e  is  the  angle  between  the  line  of  action  of  this  load  and  the  vertical. 
Eqa.  (1)  to  (4)  are  general,  and  can  be  applied  to  any  loading  conditions. 

In  calculating  the  stressea  in  the  members  of  the  arch,  the  forces  acting  on  the  crown  hinge 
must  also  be  hnown.  These  forces  can  readily  be  calculated  for  the  conditions  shown  in 
F>&-  W  and  (c)  as  soon  as  the  reactions  at  A  and  B  are  known. 

Graphical  Solvtion  for  Beaciiong. — Graphical  solutions  are  based  on  the  fact  that  lero 
moment  at  any  point  indicates  that  the  resultant  of  the  forces  on  nither  side  of  the  point  must 
pass  through  the  point  in  question.  Since  the  equilibrium  polygon  for  any  set  of  forces  re- 
pi«scnts  the  action  line  of  resultants  on  either  side  of  a  point,  and  since  hinges  are  assumed  to 
be  points  of  zero  moment,  it  follows  that  the  equilibrium  polygon  drawn  for  the  loads  on  any 
three-hinged  arch  must  be  made  to  pass  through  the  three  hingea.  The  solution  of  this  problem 
therefore  consists  in  passing  an  equilibrium  polygon  through  three  given  points.  Several 
typical  cases  will  now  be  considered  in  detail. 

The  work  which  follows  is  based  on  the  principles  of  graphic  statics  given  in  the  chapter  on 
"Principles  of  Statics"  in  Sect.  1.  Therefore,  construction  methods  for  the  several  cases  will 
be  explained,  but,  in  general,  proofs  will  not  be  given  for  these  methods. 


-«:^:5>£' 


Fig.  (■ 


Atoo,  B 


under. 


Fia.  218. 

Lrm  of  ■  thm-aiBEed  nnh. 

line  ol  the  raulunt  totret 
e  rmelitM  S,  acU  slong  a  line  coniiectiDg  hiDesB  £  and  C.  u  Bhowa  la 
ndentioii  k  in  equilibrium,  the  r»ultant  of  the  forcn  on  eitiirr  lide 
line  of  the  load.  Thenfore,  to  Gnd  the  direction  and  position  of  the 
m  with  P  at  point  D,  and  connect  A  and  D.     The  pontlun  and  dirtc- 


ol  load  P  muat 

action  lioe  of  iti,  ptoduce  CB  to  an  iat 

tioD  of  Ai  sod  /£i  an  then  compleUly 

To  determine  (he  amount  of  Ai  and  Hi.  noiutruct  a  tone  dlacram,  aa  ahown  in  Fif.  (b).  Lay  oft  form  P  is 
amount  tod  direction  to  any  acale.  By  the  methoda  (iven  in  Sect.  1,  ruolve  P  into  components  parallel  to  the 
action  line*  of  R,  and  Ri  aa  ^ven  in  Pis.  (a).     The  nvJtinc  forces  give  the  amount  of  the  reactioni,  which  an  Ihui 
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completely  determined.     If  values  corresponding  to  Hi^  lit,  Vi,  and  Vt  of  the  alcebraie  solution  are  req 
can  be  determined  by  resolving  Ri  and  Rt  of  Fig.  (b)  into  their  vertical  and  horisontal  components.     Fig 
the  construction  for  a  single  horisontal  load. 

Any  Set  of  Loads. — Fig.  218  (a)  shows  a  three-hinged  arch  supported  by  hinges  at  X,  B,  and  C  and 
of  inclined  loads  on  both  arms.     The  complete  solution  for  the  reactions  at  A  and  B  requires  that  an 
polygon  for  the  applied  loads  be  passed  through  points  A,  B,  and  C. 

Construct  a  force  diagram  for  the  applied  loads,  as  shown  in  Fig.  (b).     As  the  location  of  the  pole  for  sa 
brium  polygon  which  will  pass  through  the  three  given  points  is  not  known  as  yet,  it  must  be  determined  hj 
and-try  methods.     Assume  any  pole,  as  O*  and  construct  the  corresponding  equilibrium  polyson.    AD  han 
this  construction  are  shown  dotted  in  Figs,  (a)  and  (b).     In  constructing  this  equilibrium  polygon  begJB  vxil 
string  which  passes  through  the  point  C.    For  the  case  under  consideration,  this  is  a  line  prallel  to  {Xd  of  r%. 
Assume  for  the  purpose  of  this  discussion  that  the  applied  loads  are  divided  into  two  sroups  composed  r{ 
loads  on  either  side  of  point  C — that  is,  loads  Pi,  Pi,  and  Pi  in  one  group,  and  Pi  and  Pi  in  another  grmqi 
mine  the.  direction  of  the  resultants  of  these  two  groups.     The  line  a-d  of  Fig.  (b)  shows  the  direction  of  the 
for  Pi,  Pt,  and  Pi,  and  d-f  shows  the  direction  of  the  resultant  of  Pa  and  Pi.     In  Fig.  (a)  draw  throocli 
A  and  B  lines  A-D  and  B-B  parallel  respectively  to  a-d  and  d-f  of  Fig.  (b).     Draw  the  closing  lines  D-C^ 
of  Fig.  (a)  for  the  equilibrium  polygons  for  the  two  groups  of  loads,  pole  at  O*.     In  Fig.  (b)  draw  linn  07 
<yO  parallel  respectively  to  D-C  and  C-E  of  Fig.  (a).     This  operation  is  equivalent  to  assuming  that  tkr 
grouxM  of  loads  are  supported  at  points  A  and  C  for  the  left-hand  group  and  C  and  B  for  the  right-hand  graiv 
forces  parallel  respectively  to  the  resultants  of  the  two  grouxM. 

From  the  principles  of  graphic  statics  it  can  be  shown  that  while  an  infinite  number  of  equilibrinn 
can  be  drawn  through  point  C  for  the  conditions  shown  in  Fig.  (a),  in  all  of  these  polygons  the  last  string  fcr 
group  and  its  closing  line  will  always  intersect  on  the  lines  A-D  and  B'E  produced.     Also,  points  F  and  C  of  Fii 
locate  the  points  of  load  divide  for  A  and  C  and  for  C  and  B.     The  position  of  these  points  will  alwasrs  be  the 
regardless  of  the  assumed  location  of  the  pole  O'.     Hence  these  statements  also  hold  true  for  the  equilibriun 
for  points  A,  B,  and  C,  in  which  case  the  intersection  of  last  strings  and  closing  lines  is  at  points  A  and  B  otTtf. 
Therefore  A-C  and  C-B  are  the  closing  lines  for  the  required  equilibrium  polygon. 

To  locate  the  pole  of  the  required  equilibrium  polygon,  in  Fig.  (b)  draw  P-O  and  O-O  parallel  lespwUiH* : 
A-C  and  C-B  of  Fig.  (a).     Point  O  of  Fig.  (b),  the  intersection  of  P-O  and  G-O^  is  the  required  pole,  and  the  fu.> 

equilibrium  polygon  of  Fig.  (a)  paasinc  throve^  pci 
At  B,  and  C  is  the  required  polygon.  The  dip<u 
of  the  reactions  at  A  and  B  is  given  by  dtr  hi 
strings  of  the  true  equilibrium  polygon,  prodnwii 
shown  in  Fig.  (a),  and  the  amount  of  the  mrtkai 
given  to  scale  by  the  corresponding  forces  is  Tn- 
Thus  Ri  is  given  by  O-a  and  Rt  ia  given  by  (H. 

Where  the  applied  loads  consist  of  a  set 
parallel  vertical  forces,  all  of  which  are  UBcqcfti 
amount,  the  construction  of  Fig.  218  can  ak* 
used.  A  somewhat  simpler  solution  for  this  a«i 
shown  in  Fig.  219.  Again  assume  any  pole,  as  l'  i 
Fig.  (b),  with  a  pole  distance  Ht<.  Coostrwis 
corresponding  equilibrium  polygon,  which  iasb« 
by  the  dotted  lines  of  Fig.  (a).  Measure  the  Ttfts 
interoeptp  y  of  Fig.  (a),  between  the  string  d  v 
equilibrium  polygon  which  passes  through  C  as^  v 
closing  line  D-E. 

From  the  principles  of  graphic  statics,  tk  b» 
ment  at  C  due  to  vertical  forces  to  the  rig^t  «rkr 
of  the  point  is  Af «  -■  /f  ly,  where  Hi  —  pole  datum 
and  V  —  the  intercept  described  above.  Cooadsv 
corresponding  value  for  the  equilibrium  potri* 
through  points  A,  B,  and  C,  as  shown  in  Fig.  (a).  The  closing  line  is  A-B,  the  equilibrium  polygon  passes  tkms 
point  C,  and  the  vertical  intercept  is  A,  the  height  of  the  crown  hinge  above  hinges  A  and  B.  IfHhe  the  tiw  t* 
distance,  Af«  -■  Hh,  But  the  moment  about  C  is  a  constant  and  hence  the  two  expressions  for  Jf «  gives  abia 
are  equal.  Therefore  on  equating  the  above  expressions,  the  value  of  the  true  pole  distance  U  can  be  thuisss 
On  equating  these  expressions  for  3fe  we  have,  Hiy  »  Hh,  from  which,  H  '»  H\  y/h, 

A  graphical  solution  of  this  equation  is  shown  in  Fig.  (c).  To  obtain  the  value  of  //,  draw  a  set  of  rertai«iir 
axes  2-4  and  2-5.  On  the  horizontal  axis  lay  off  the  value  of  //i,  represented  to  scale  by  2-5,  and  on  the  wttt 
axis  lay  off  y  —  1-2  and  h  -■  2-4.  Connect  points  4  and  5,  and  through  1  draw  1-3  parallel  to  4—5.  Thcaf ' 
2-3  to  the  same  scale  as  H\. 

To  locate  the  true  pole  O  in  Fig.  (b)  draw  through  O*  a  line  O'-P  parallel  to  D-E,  the  closing  line  of  thed«« 
equilibrium  polygon  of  Fig.  (a).  Then  P  of  Fig.  (b)  is  the  load  divide  point  of  the  vertical  forces.  SiMt'Ji 
closing  lines  for  all  poles  intersect  at  point  P,  and  sinre  the  closing  line  for  the  true  polygon  is  a  hcmsoBtalla 
draw  from  point  P  a  horizontal  line.  Lay  off  on  this  line  P-O  -  //  of  Fig.  (c).  Point  O  of  Fig.  (h)  ia  the  m)0« 
pole.  The  full  line  equilibrium  polygon  of  Fig.  (a)  shows  the  required  polygon.  Fig.  (a)  shows  the  diivctia' 
the  reactions  R\  and  Rt.     Their  amount  is  shown  in  the  force  polygon  of  Fig.  (b). 


Fig.  219. 
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A  ipeeud  case  of  vertical  loading,  in  which  equal  loads  are  lynunetrioally  placed  with  reepect  to  the  crown 
hinge;  is  shown  in  Fig.  220.  Since  the  loads  are  symmetrically  placed  with  respect  to  the  crown  hinge,  only  half 
of  the  force  diagram  and  t^e  equilibriuni  polygon  need  be  drawn,  since  it  is  known  that  the  string  of  the  equilib- 
rium panning  through  point  C  is  horizontal,  as  shown  in  Fig.  (a).  Draw  the  force  polygon  for  the  loads  to  the  left 
of  the  center,  as  shown  in  Fig.  (fr).  Choose  a  pole  O*  and  draw  an  equilibrium  polygon,  shown  by  the  dotted  lines 
of  Fig.  (a).  Since  the  loads  are  symmetrical  about  the  center  hinge,  the  closing  line  of  the  trial  equilibrium  polygon 
will  always  be  horiiontal.    Therefore,  O'  is  to  be  located  on  a  horisontal  line  through  point  d  of  Fig.  (b). 

Produce  A-B  and  D-E,  the  first  and  last  strings  of  the  equilibrium  polygon,  to  an  intersection  at  point  S  of 
Fig.  (a).  This  locates  a  point  on  the  line  of  action  of  the  resultant  of  the  group  of  loads  to  the  left  of  the  crown 
hinge.  This  resultant  is  shown  by  R  in  Fig.  (a).  Since  the  first  and  last  strings  of  the  equilibrium  polygons  draws 
for  any  pole  will  meet  on  the  line  of  action  of  A,  the  true 
pole  can  be  located  as  follows:  Through  hinge  C  draw  a 
horisontal  line  C-F  intersecting  R  at  F.  This  line  is  the 
last  string  of  tl|e  equilibrium  polygon  through  points  il, 
Bt  and  C.  Connect  A  and  F,  The  resulting  line  is  the 
first  string  of  the  required  equilibrium  polygon.  To 
locate  the  true  pole  in  Fig.  (b),  draw  from  point  a  a  line 
a-O  parallel  to  A-F  of  Fig.  (a).  Then  O  of  Fig.  (b)  is 
the  required  pole.  The  true  equilibrium  polygon  is 
ahown  by  the  full  lines  of  Fig.  (a). 


Fig.  220. 


Fxo.  221. 


Fig.  221  shows  a  three-hinged  arch  supporting  loads  on  one  arm  only.  Since  there  are  no  loads  on  the  right- 
hand  side  of  the  arch,  the  direction  of  Rt  is  given  at  once,  as  shown  in  Fig.  (a).  The  construction  is  the  same  as  for 
Fig.  217.  Construct  the  force  polygon  of  Fig.  221(6)  and  choose  a  pole  (X.  Since  the  last  string  of  the  equilibrium 
polygon  must  pass  through  C  and  B  of  Fig.  (a),  the  pole  (y  of  Fig.  (b)  should  lie  on  a  line  c-(y  which  is  parallel  to 
B-^  of  Fig.  (a).  Construct  an  equilibrium  polygon  for  pole  (/.  This  polygon  is  shown  by  the  dotted  lines.  Begin 
the  construction  at  point  Z>,  and  close  on  a  line  A-E,  which  is  parallel  to  the  resultant  of  the  applied  loads.  Line 
a-e  of  Fig.  (b)  shows  the  direction  of  this  resultant.  The  closing  line  of  the  polygon  is  E-C  of  Fig.  (a).  In  Fig.  (b) 
locate  the  load  divide  point  O  by  drawing  through  C  a  line  (y-O  parallel  to  the  dosing  line  E-C  of  Fig.  (a).  To 
locate  the  true  pole  for  an  equilibrium  polygon  through  A,  B,  and  C,  draw  from  point  O  of  Fig.  (b)  alincG-O 
parallel  to  A-C  of  Fig.  (a).     Point  O  of  Fig.  (b)  is  the  required  pole.     Fig.  221  shows  the  required  construction. 

This  problem  can  also  be  solved  by  assuming  that  the  applied  loads  are  replaced  by  their  resultant  R.  As- 
sume a  pole  (y  as  before  and  locate  the  position  of  R.  The  construction  is  shown  by  the  dotted  lines  of  Fig.  221 
(a).  By  applying  the  same  principle  as  used  in  Fig.  217  for  a  single  load,  the  direction  of  Ri  can  be  determined  at 
once,  for  the  action  line  of  Ri  meets  the  resultant  jR  at  F,  a  point  on  B-C  produced. 

TemTperaiure  Stresses, — ^The  changes  in  the  reactions  and  stresses  in  three-hinged  arches 
due  to  changes  in  temperature  are  so  small  compared  to  the  stresses  due  to  direct  loading  that 
ihey  are  usually  neglected.  It  will  be  found  that  the  effect  of  temperature  changes  on  a  three- 
hinged  arch  is  to  increase  or  decrease  the  dimensions  of  the  structure,  depending  on  the  character 
of  the  change.  If  the  abutments  are  rigid,  the  change  in  dimensions  results  in  a  rise  or  fall  of 
the  crown  hinge.  If  a  tie  rod  is  used,  so  placed  as  to  be  protected  from  sudden  changes  of  tem- 
perature, a  similar  effect  is  produced.  When  the  tie  rod  is  exposed  to  the  same  conditions  as 
the  truss,  both  crown  and  abutment  hinges  change  position.  However,  it  can  be  shown  that 
assuming  very  severe  conditions,  the  changes  in  dimensions  will  not  exceed  0.1  %  of  the  princi- 
pal dimensions  of  the  structure.     Hence  temperature  changes  can  be  neglected. 

170(6).  Two -Hinged  Arches. — The  reactions  at  the  points  of  support  for  any 
two-hinged  arch  can  be  represented  by  four  unknown  forces,  as  shown  in  Fig.  222  for  a  braced 
arch.     Since  there  are  four  unknowns  to  be  determined  and  only  three  independent  equilibrium 
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equations  are  available,  another  independent  condition  must  be  at  hand  from  which  ■ 
equation  can  be  formed.     In  structures  of  the  two-hinged  type,  the  fourth  condition 
is  made  to  depend  upon  the  elastic  deformation  of  the  arch.     This  elastic  deformation 
fore  dependent  upon  the  form  of  the  arch,  the  sizes  of  all  members,  and  the  conditioDs  U 
end  supports.     Where  rigid  supports  are  provided,  an  equation  is  formed  which  states  thtt 

horizontal  movement  of  one  support  with  respiect  to  the 
is  zero.     If  the  resistance  to  horizontal  forces  is  provided 
tie  rod  connecting  the  two  supports,  it  is  usual  to  aotkr 
end  of    the  arch  truss  to  the  foundations  and  to  pbct 
other  end  on  rollers  or  a  sliding  plate.      For  this  const; 
the  movement  of  one  support  with  respect   to  the  odw 
placed   equal  to  the  extension  of  the  tie  rod.     The  m 
outlined  above  will  be  applied  to  two-hinged  arches  of 
braced  and  ribbed  type. 

Reacliana  for  a  Two-Hinged  Braced  Arch. — ^Fig.  222 

a  two-hinged  braced  arch  with  a  tie  rod  connecting  the 

points  of  support.      It  will  be  assumed   that  support  B 

anchored  to  the  foundations  and  that  support  A  is  placed  on  rollers.      Assume  tints 

structure  carries  the  loads  Pi,  Ps,  and  Pt,  acting  as  shown.    Applying  the  three  conditiw: 

static  equilibrium  to  the  structure  of  Fig.  222,  we  have 

Vi  =  XPxb/1\ 

V2  -  :2Pxa/i\ 

and 

i/i  -^,  =  SPsintf 

In  these  equations  P  —  any  load,  xa  and  xb  —  perpendicular  distance  from  any  load  to  .4  ix 
B  respectively,  0  —  angle  which  any  load  makes  with  the  vertical,  and  I  —  span  between  hiaps 
The  fourth  independent  equation  is  made  to  depend  upon  the  elastic  def ormatioD  of  *i 
arch.  As  stated  above,  the  movement  of  point  A  with  respect  to  point  ^  is  to  be  placed  cqa 
to  the  extension  of  the  tie  rod.  This  movement  can  be  calculated  by  methods  for  the  detcm 
nation  of  the  deflection  of  framed  structures  given  in  standard  works  on  bridge  stresses.'  Fn 
these  works,  the  deflection  of  any  point  in  a  framed  structure  is  given  by  the  formula 

where  D  ^  deflection  of  any  point;  S  »  stress  in  any  member  due  to  the  applied  loads;  i- 
a  ratio  which  is  equal  to  the  stress  in  any  member  due  to  a  1-lb.  load  applied  at  the  point  wba 
deflection  is  desired  and  in  the  direction  of  the  desired  deflection;  I  »  length  of  any  mack 
A  =  its  area;  and  E  »  modulus  of  elasticity  of  the  material  of  which  the  structure  'nh^ 

In  the  case  under  consideration,  the  tie  rod  is  a  tension  member.  Hence  the  movemeai 
point  ii  is  to  the  left.  The  1-lb.  load  used  for  the  determination  of  values  of  -u  is  to  beappb 
horizontally  at  point  A  and  acting  to  the  left.  It  is  assumed  that  the  tie  rod  is  removed  lia 
values  of  u  are  calculated. 

Let  Hi  B  stress  in  the  tie  rod,  and  let  Ai,  Zf,  and  Et  ^  respectively,  the  area,  length,  tf 
the  modulus  of  elasticity  of  the  material  for  the  tie  rod.  The  extension  of  the  tie  rod  oodei 
stress  ^1  is  then  HiltAtEu  Placing  the  extension  of  the  tie  rod  equal  to  the  hcninft 
movement  of  point  A,  as  given  by  the  general  equation  for  deflection,  we  have 

SI  „     U 


X 


In  this  formula,  S  is  the  stress  in  any  member  of  Fig.  222.  This  stress  can  not  be  detenmart 
until  Hi  is  known.  However,  S  can  be  expressed  in  terms  of  Hi  and  the  stress  in  any  moate 
of  the  arch  of  Fig.  222  with  the  tie  rod  removed.  This  can  be  done  in  the  following  maioff 
Remove  the  tie  rod  and  calculate  the  stresses  in  all  members  of  the  statically  determinatpani 
truss  thus  formed.    Let  S'  denote  this  stress  for  any  member.     Since  J^i  and  u  have  the  ■■ 

1  See  Modern  Framed  Struotures,  by  Johnson,  Bryan,  and  Tumeaure,  Parta  I  and  II.  | 
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line  of  action,  it  is  evident  from  the  definition  of  u  given  above  that  the  effect  of  ^i  on  the  stress 
in  any  member  can  be  expressed  by  a  term  of  the  form  -Hiu,  The  minus  sign  is  used  because 
by  definition  the  1-lb.  load  acts  to  the  left  with  respect  to  point  A,  while  /Ti  is  a  tension  and  there- 
fore acts  to  the  right  with  respect  to  point  A .  This  difference  in  direction  can  be  accounted  for 
by  the  use  of  a  minus  sign.     We  then  have 

S  ^  S'  -  Hiu  (9) 

Substituting  this  value  of  S  in  eq.  (8), 

Solving  this  equation  for  Hi,  the  stress  in  the  tie  rod  is  found  to  be 

ZfAE  "'  '^  AJSt 
In  substituting  in  eq.  (10),  close  attention  must  be  paid  to  the  signs  of  the  stresses  S'  and  ti.  It 
will  be  best  to  use  plus  for  tension  and  minus  for  compression.  When  S'  and  u  are  multiplied, 
like  signs  result  in  plus  values,  and  unlike  signs  result  in  minus  values.  If  the  signs  have  been 
correctly  handled,  the  sign  of  the  result  will  indicate  the  direction  of  Hi.  A  plus  sign  indicates 
that  the  arrow  in  Fig.  222  acts  as  shown,  and  a  minus  sign  indicates  that  Hi  acts  in  the  opposite 
direction. 

With  eq.  (10),  and  eqs.  (5)  and  (6)  given  above,  the  reactions  can  be  determined  for  an  arch 
with  a  tie  rod.  If  the  hinges  are  supported  by  rigid  abutments,  the  effect  is  equivalent  to  a 
tie  rod  of  infinite  area.     For  this  condition,  the  term  It/At  Et  is  zero,  and  eq.  (10)  becomes 

Ssn 

X31^* 

Again,  if  no  tie  rod  is  provided,  and  if  the  abutments  do  not  provide  lateral  support,  A  t  can  be 
taken  equal  to  zero.  For  this  condition  the  denominator  of  eq.  (10)  becomes  infinite  and  hence 
Hi  »  0,  or,  Fig.  222  is  a  simple  span. 

It  will  be  noted  in  eq.  (10)  that  the  value  of  Hi  ib  dependent  upon  the  form  of  the  arch 
truss,  as  indicated  by  S\  tf,  and  I,  and  also  upon  the  size  of  the  members,  as  indicated  by  A, 
Therefore,  before  Hi  can  be  determined  for  a  given  arch,  the  areas  of  the  members  must  be 
known,  or  they  must  be  assumed.  If  the  structure  to  be  designed  is  similar  in  size  and  loading 
conditions  to  an  existing  structure,  it  is  possible  to  draw  some  conclusions  regarding  the  probable 
size  of  members  for  the  proposed  structure.  When  this  information  is  not  available,  a  prelimi- 
nary design  can  be  made,  using  a  value  of  Hi  determined  on  the  assimiption  that  all  members 
have  the  same  area.  Stresses  in  all  members  can  then  be  determined  by  methods  to  be  presented 
later  in  this  article.  After  the  stresses  have  been  determined,  members  can  be  designed  to  fit 
these  stresses.  Using  the  areas  thus  determined,  another  calculation  for  Hi  can  be  made,  the 
stresses  in  the  members  recalculated,  and  the  members  redesigned,  if  necessary.  Usually  it 
will  be  found  necessary  to  make  only  one  complete  design  following  the  preliminary  design. 

Effect  of  Temperature  Changes  on  a  Two-Hinged  Braced  Arch.  The  reactions  at  the  points 
of  support  of  the  two-hinged  arch  of  Fig.  222  due  to  changes  in  temperature  can  be  deter- 

-Tg  u  of  eq.  (10)  an  expression  for  the  change  in  the 

distance  between  points  of  support  due  to  the  given  temperature  change.  Assume  that  the 
structure  of  Fig.  222  is  supported  by  rigid  abutments  at  A  and  B.  Suppose  that  the  tempera- 
ture rises  t  degrees.  If  the  coefficient  of  linear  expansion  of  the  material  of  which  the  arch  is 
constructed  is  c  per  unit  of  length,  the  change  in  the  distance  from  A  %o  B  \r -\' cil.  U  Ht  denote 
the  horizontal  reaction  at  Aj  we  have  from  eq.  (10), 

±cil 
H>  -  ZTT^  (11) 
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The  plus  sign  is  to  be  used  for  a  rise  in  temperature,  and  the  minus  sign  is  to  be  usedL-: 
faU  in  temperature.  For  a  rise  in  temperature  H\  and  Ht  act  as  shown  in  Fig.  222;  fora^ 
in  temperature  they  act  in  opposite  directions.  It  is  to  be  noted  that  for  temperature 
7i  =  7j  =  0,  and  that  Hi  =  Ht. 

Where  a  tie  rod  is  used  which  is  protected  from  changes  in  temperature  due  to  the  farttibc 
it  is  under  ground  in  a  special  trough,  the  methods  for  the  calculation  of  the  reactions  ami 
same  as  given  above.  In  this  case  the  temperature  change  i  must  be  based  on  the  koovit 
assumed  difiference  in  temperature  between  truss  and  tie  rod.     The  denominator  of  eq.  L 

must  include  the  term  ^   „  of  eq.  (10). 

Ai  ISt 

When  A  and  B  of  Fig.  222  are  connected  by  an  exposed  tie  rod,  for  which  temperature  dia«> 
are  exactly  the  same  as  for  the  rest  of  the  structure,  it  can  readily  be  seen  that  Ht  —  (^kt 
temperature  reaction  exists  only  when  resistance  is  offered  to  the  tendency  of  the  f nunf*«B 
between  A  and  B  to  expand.  Rigid  supports,  or  a  tie  rod  which  does  not  expand  as  mwi 
the  frame  work  will  cause  a  temperature  reaction,  while  a  tie  rod  whose  expansion  iseqsi^ 
that  of  the  frame  work  will  not  cause  a  temperature  reaction. 

The  temperature  change  to  be  used  in  the  calculation  of  Htoi  eq.  (11)  varies  with  tfaeeei- 
ditions.  For  a  building  which  is  heated  and  is  not  subjected  to  sudden  changes  in  ten 
15  to  20  deg.  above  and  below  the  normal,  or  a  range  of  30  to  40  deg.  is  sufficient.  If  ans 
conditions  are  to  be  expected,  with  sudden  changes  of  temperature,  50  or  60  deg.  above  and bdn 
normal,  or  a  range  of  100  to  120  deg.  should  be  specified. 

Ribbed  Arches  of  Two  Hinges. — Hinged  arches  of  two  hinges  are  seldom  used  in  buikijr 
construction.  For  methods  of  calculation  for  structures  of  this  type  the  reader  is  refenai  i 
standard  text  books  on  the  subject  of  arches.  ^ 

170c.  Hingeless  Arches. — Hingeless  braced  arches  of  the  type  mentioned  iaAii 
169  have  been  used  to  some  extent  in  building  construction.  Arches  of  the  hingeless  type» 
used  extensively  in  bridge  work,  particularly  in  the  form  of  steel  or  reinforced  concrete  I& 
Since  the  essential  difference  in  the  bridge  and  roof  arch  of  the  hingeless  type  lies  in  the  wp^ 
loading,  the  reader  is  referred  to  standard  works  on  the  subject  of  steel  and  concrete  arcfe* 

170d.  General  Methods  for  Determination  of  Stresses  in  Braced  and  BibM 
Arches. — Stresses  in  the  members  of  a  braced  arch,  or  in  the  web  and  flanges  of  a  ribbed  aid 

are  best  determined  by  graphical  or  semigraphical  method 
Algebraic  methods  can  also  be  used,  but  in  general  ssi 
methods  require  considerable  time  for  the  solution  of  tir 
problem.  The  accuracy  of  the  results '  obtained  bj  tb 
algebraic  methods  is  probably  somewhat  greater  thui 
possible  by  the  use  of  graphical  methods.  Howem 
graphical  methods  give  results  which  are  accurate  enoi^ 
for  all  practical  purposes,  and  since  much  time  cas  be 
saved  thereby,  especial  attention  will  be  given  to  graphiea 
methods  in  the  work  to  follow. 

In  Art.  172  is  given  a  complete  solution  for  sticBe 
in  a  three-hinged  arch.  A  detailed  discussion  of  the  methods  employed  is  given  in  connertia 
with  this  solution. 

The  stresses  in  an  arch  of  the  two  or  three-hinged  type  can  be  determined  as  soon  sstb 
applied  loads  and  the  reactions  at  the  supports  are  known.  In  general  the  principles  of  strei 
determination  are  similar  to  those  given  in  Sect.  1,  although  the  presence  of  inclined  reactiff 
and  the  curvature  of  the  arch  rib  causes  slight  modifications  in  the  methods  of  calculatni 
While  the  arch  rib  is  essentially  a  curved  beam,  in  most  cases  the  depth  of  the  arch  rib  is  so  anil 

1  Modem  Fimmed  StnicturM,  Part  II.    By  Johnson,  Bryan,  and  Turneaure. 

*  Modem  Framed  Stmctures,  Part  11.  By  Johnson,  Bryan,  and  Turneaure.  Principlea  oi  Reinfoned  Cet- 
struction.  By  Turneaure  and  Maurer.  Reinforced  Concrete,  Part  III.  By  G.  A.  Hool.  Concrete  EsfiBMi 
Handbook  by  Hool  and  Johnson.  Steel  Roof  Trusses  Designed  as  Elastic  Arches,  By  W.  S.  Tait,  Bngr.  Si» 
Record,  Apr.  Id.  1918. 
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compared  to  its  radius  of  curvature  that  the  internal  stresses  can  be  determined  without  appre- 
ciable error  by  the  methods  given  in  the  chapter  on  Bending  and  Direct  Stress  in  Sect.  1. 

An  algebraic  solution  will  be  given  for  the^oonditions  shown  in  Fig.  223,  which  represents  a 
portion  of  an  arch  hinged  at  A  with  all  forces  in  position.  The  internal  stresses  are  repre- 
sented by  a  moment,  M;  a  thrust,  T;  and  a  shear,  V.  These  internal  stresses  can  be  deter- 
mined by  summations  of  moments  and  of  vertical  and  horizontal  forces  taken  about  the  center 
of  gravity  of  the  section,  including  all  external  applied  loads  and  reactions.  Thus  from  Fig. 
223 

3f  =  +Vix  -  Hiy  -  Pia  -  P,6  =  SAf  (12) 

If  XV  =  Vi  —  Pi  cos  di  —  Pt  cos  0t  and  ZH  —  Hi  -{-  Pi  sin  ^i  +  Pi  sin  9%,  which  are  respect- 
ively the  summations  of  vertical  and  horizontal  external,  forces,  we  have 

r  «  (S7)  sin  a  +  (2/^)  cos  a  (13) 

and 

V  =  (2F)  cos  a  -  ClH)  sin  a  (14) 

where  a  is  the  angle  which  the  tangent  to  the  arch  axis  makes  with  the  horizontal. 

Having  given  the  internal  forces  acting  on  any  section,  the  fiber  stresses  can  be  determined 
from  the  expressions 


and 


(15) 


where  T  and  M  are  as  given  above;  /i  and  /s  »  the  fiber  stress  on  the  extreme  upper  and  lower 
fibers,  respectively;  ci  and  ct  —  the  corresponding  distances  from  the  extreme  fibers  to  the 
center  of  gravity  of  the  section;  and  A  and  /  = 
area  and  moment  of  inertia  of  the  section  re- 
spectively. The  derivation  of  these  equations  is 
explained  in  the  chapter  on  Bending  and  Direct 
Stress  in  Sect.  1.  For  the  conditions  shown  in 
Fig.  223,  the  fiber  stresses  given  in  eqs.  (15)  are 
compressive.  If  on  substituting  in  these  equa- 
tions the  sign  la  reversed,  the  resulting  stresses 
are  tensile. 

A  graphical  solution  for  internal  stresses  is 
shown  in  Fig.  224.  This  solution  requires  the 
construction  of  the  force  and  equilibrium  polygons.  /Vj 
Fig.  224  shows  these  polygons  in  part  for  certain 
assumed  loads  and  reactions.  Since  the  string  R 
of  the  equilibrium  polygon  is  the  resultant  of  all 
fasces  on  either  side  of  the  section,  we  have 

Af  «  iW  (16) 

where  d  is  the  perpendicular  distance  from  R  to 
the  center  of  gravity  of  the  section  under  con- 
sideration.    This  moment  can  also  be  expressed  in  other  terms.     If  e  of  Fig.  (a)  represent  the 
distance  from  the  center  of    gravity  of  the  section  to  the  intersection  of  the  plane  of  the  section 
produced  and  the  line  of  action  of  i2,  and  \i  Rt  -  component  of  R  parallel  to  a  tangent  to  the 
arch  axis  at  the  section  in  question,  then 

M  ^Rre  (17) 

Again,  if  Ra  »  horizontal  component  of  R,  and  y  «=  vertical  distance  from  center  of  gravity  of 
section  to  line  of  action  of  i?,  as  shown  in  Fig.  (a),  then 

M  *=  RhV  (18) 

The  values  of  Rt  and  Rb  are  readily  determined  from  the  force  polygon  of  Fig.  (6)  by  resolving 
E  into  the  required  components.     Values  of  T  and  V  are  obtained  from  the  force  polygon  by 
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resolving  R  into  components  parallel  and  perpendicular  to  the  tangent  to  the  arch  axis  n  \ 
section  in  question,  as  shown  in  Fig.  (&). 

Fiber  stresses  can  be  determined  by  the  ui^  of  eqs.  (15),  substituting  values  of  if  aac ' 
as  determined  above.  These  equations  can  be  modified  some  what  and  the  fiber  strcama 
be  determined  from  the  values  of  T  and  e  of  Fig.  (a).  From  eq.  (17)  and  Fig.  (a),  Rt  = ' 
and  hence,  M  —  Te,  Substituting  this  value  of  M  in  eq.  (15)  and  also  noting  thai  /  =  i*' 
where  A  —  area  of  the  section,  r  »  its  radius  of  gyration,  these  equations  can  be  written  is ^ 
form 


and 


(I> 


In  some  cases  the  desired  results  are  obtained  more  directly  by  the  use  of  eq.  (19)  thanbji^ 
use  of  eq.,(15). 

The  graphical  methods  of  calculation  given  above  are  general  and  apply  to  all  typaa 
arches.  However,  the  distances  d,  e,  and  y  shown  in  Fig.  224  (a)  are  often  so  small  that  tkp 
can  not  be  determined  with  the  desired  degree  of  precision.  Under  such  oonditions,  the  m^ 
ments  should  be  calculated  by  algebraic  methods,  using  eqs.  (12). 

Methods  of  stress  calculation  similar  to  those  outlined  above  can  also  be  applied  to  Ik 
braced  arch.  Fig.  224  (c)  shows  a  section  cut  through  any  panel  of  a  braced  arch.  To  dfte^ 
mine  the  stress  ^i  in  a  chord  member,  take  moments  about  point  Ay  the  intersection  of  tiieo^ 
members  cut  by  the  section.  Since  R  is  the  resultant  of  all  external  forces  to  the  left  of  tk 
section,  we  have 

8i  «  Ra/b 

where  a  and  6,  respectively,  are  the  lever  arms  of  R  and  S\,  as  scaled  from  the  drawing.  IV 
stress  in  St  can  be  obtained  from  a  similar  equation  about  B,  If  members  Si  and  St  intnsr: 
within  the  limits  of  the  drawing,  the  stress  in  Si  can  be  determined  by  moments  taken  aboe 
the  intersection  point.  If  they  do  not  intersect  within  the  limits  of  the  drawing,  a  resolntK: 
equation  can  be  taken  for  an  axis  perpendicular  to  one  of  the  chord  members. 

171.  Loading  Conditions  for  Arch  Trusses. — The  loads  to  be  carried  by  an  arch  roof  tnt 
can  be  determined  from  the  data  given  in  the  chapter  on  Roof  Trusses — General  Desgn^ 
methods  similar  to  those  used  in  the  preceding  chapters  on  the  design  of  wooden  and  steel  nrf 
trusses.  In  most  cases  the  slope  of  the  roof  surface  is  not  uniform,  as  in  the  cases  consido^ 
in  the  preceding  chapters,  for  it  is  made  to  conform  to  the  contour  of  the  top  chord  of  theari 
As  the  wind  and  snow  loads  depend  for  their  value  on  the  roof  slope,  the  wind  and  snow  pwi 
loads  for  arch  trusses  will  vary  with  the  location  of  the  panel  point.  An  application  of  ^ 
methods  of  calculation  is  given  in  the  problem  of  Art.  172. 

Formulas  for  the  weight  of  arch  trusses  which  will  apply  to  all  types  of  arch  structures  » 
not  available,  as  structures  of  this  type  vary  so  widely  in  form  and  in  class  of  service  that  ^ 
cient  consistent  and  reliable  information  has  never  been  collected  on  which  to  base  a  fonBuii 
In  general,  the  designer  must  draw  conclusions  regarding  the  probable  weight  of  the  arch  to  (« 
designed,  either  from  existing  structures  of  the  same  size,  or  from  his  judgment  based  on  pad 
experience.  After  a  design  has  been  made,  based  on  an  assumed  dead  weight,  the  true  we^ 
of  the  structure  should  be  calculated  and  the  assumed  weight  revised,  if  found  necesBur. 
From  an  examination  of  the  weights  of  existing  arches,  it  was  found  that  the  weight  per  eqoiR 
foot  of  covered  area  may  be  anywhere  from  10  to  25  lb.,  depending  upon  the  span  lengli 
spacing  of  trusses,  and  the  specified  loading  conditions. 

Maximum  stresses  in  the  members  of  arch  trusses  are  to  be  determined  for  loading  condi- 
tions similar  to  those  used  for  simple  roof  trusses.  In  general  the  following  loading  conditkw 
are  used:  (a)  dead  load,  (&)  snow  load  on  left  side  of  roof,  (c)  snow  load  on  right  side  of  fooli.i 
snow  load  on  whole  roof,  (e)  wind  load  on  left  side  of  roof,  and  (f )  wind  load  on  right  side  i 
roof. 

In  combining  the  stresses  due  to  these  loads  in  order  to  obtain  maximum  stresses,  moi^ 
designers  assume  that  snow  and  wind  loads  do  not  act  on  the  roof  at  the  same  time.    Otbef 
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e  coDditioDs  umilar  to  thoK  used  in  the  preceding  chapt«rB.  This  a  a  matter  od  which 
the  designer  must  use  his  judgment.  In  making  up  the  maximum  streasefl  in  the  members, 
the  dead  load  stremea  should  be  combined  with  the  snow  or  wind  bad  stress  which  will  produce 
greatest  tension  and  greatest  compression  in  the  members.  It  must  be  remembered,  in  this 
connection,  that  the  wind 
and  snow  load  stresses 
may  be  of  the  same 
character  as  the  dead 
load  stresses,  or  they 
may  differ  in  character. 
In  the  latter  case,  if  they 
exceed  the  dead  load 
strcSBee,  a  reversal  of 
stress  will  occur.  This 
information  must  be  at 
hand  before  a  correct 
design  of  members  can 
be  made. 

ITS.  Determination 
of  Stresses  in  a  Typical 
Three-Hinged  Arch 
Truss. — The  methods  of 
stress  calculation  out- 
lined in  Art.  I70d  will 
now  be  applied  to  a 
typical  three-hinged  arch 
of  the  dimensions  shown 
in  Fig.  225.  This  arch 
has  a  span  of  12S  ft.,  c.  to 
c  of  end  pins,  and  a  rise 
of  41H  ft.  The  type  of 
framing  adopted  divides 
the  truss  into  panels  of 
7.G  ft.,  as  shown  in  lilg, 
225.  Purlins  will  be 
placed  at  alternate  panel 
points.  The  distance 
between  trusaes  will  be 
taken  as  30  ft.  It  wiU 
be  assumed  that  the  sides 
of  the  building  consist  of 
self-supporting  masonry  walls.  No  part  of  the  weight  ot  the  walls  will  be  assumed  as  carried 
by  the  trusaes.  It  will  be  assumed,  however,  that  the  roof  load  at  point  D  of  Fig.  225  is  carried 
by  the  trusses. 


N 
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Diad  Load  Slrattt.—Tht  dnd  load  itrnMrn  >n  to 
*«lcht  of  Ihe  tnuM.  It  will  b«  usumed  U»t  the  nwl 
■naupported  by  nftsn.  Thew  laricn  will  bt  uaumn: 
bs  nipponed  by  purliaa  ot  tha  type  described  in  Art,  1 7< 
Id  the  chapter  od  Root  Thmm* — Oenenil  DewcD.  A 
■bout  SQ  )b.  per  iq.  [t.  of  rool  aurfue.  The  weight  ot 
It  will  be  ueumed,  u  >  bula  [or  k  pnliminary  deaigD,  t 
of  horiiontal  covered  ana. 

The  panel  loada  due  to  the  root  eoverini  and  the  demd  wijght 

tke  roof  ana  tributary  to  the  purlina  depend!  upon  the  ilope  of  tl 
nry.     Since  the  dead  weiaht  ia  (iveo  in  paunda  per  iq.  (1.  □!  hoHioi 


determined  for  the  weight  o[  the  root  caverina  and  th 
verinc  eooaiaU  of  tile  or  liate  laid  on  3-ln.  ptank,  whle 
I  be  placed  paiallei  to  the  truaaea,  and  will  be  aHUmed  t 

Deaicn  method!  for  the  roofins  and  the  raften  are  give: 
f  covvriov  of  the  aasumed  type  will  be  found  to  weis. 
I  truMM  <a  determined  by  metbodi  ODtUned  in  Art.  171 
.  the  weight  of  the  truiiea  and  purlina  ia  10  lb.  par  aq.  fi 

wiJl  be  ammed  to  be  eoneentrale 


he  wsuiht 

of  the 

tni««wiUl>Bt 

»*•«. 

■netbode  lued  i 

Pig.  228 

will  be 

detfTminciI.     In 
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ume  at  alt  poiDta.  for  ihe  horiiontsl  ■puslnf  ot  tl 


PBDeI  loBda  from  the  abave  d>t>.  tbe  dckd  panel  load  lor  ^ 
Jie  root  area  tribuUry  to  point  F.  it  will  be  BMiUBed  tkat  fm 
led  by  ■traliht  linn.     For  the  dinieuiaiu  ihowD  on  Fis.  22S.  E-f  •-  16.3  ft.,  w^  ^-G  -  'J 
,  therooSna  weigha20lb.  periq.  ft.,  and  the  truiaca  are  apaiwd  30  ft.  apart.     Tlie  ne&tiB 


I  then  H  (10. 3  +  16.81  X  30  X  20  -  QG40  lb.     By 
is  lollowa:  D.  £550  lb.:  B,  ID.400  lb.;  O,  01S0  lb.:  and  . 
>  per  K).  It.  of  horiiontal  covend  ana,  as 
X  30  -  4500  lb.     At  point  H.  where  the  boriigntij 


the  weight  of  aeveral  mc 
probably  traiufRTTiKl  to  (O 
will  be  aMumed  that  a  t 

point.  Adding  the  loadi 
the  rooGoB  and  the  In 
weight,  the  total  paiiH  loa 
several  jointo  are  a.  loll 
laOMIbiff.  14,900  lb. ;J 
lb.;  (7,  13,eSO  lb.;  and  &.*7»k 
These  panel  loail*  are  dun 
poaitjon  on  Fig    22S. 

The  raactioDa  at  the  hi^i 
and  C  due  to  dead  loadana* 
lated  by  the  methoda  gina  ia  .1' 
170a.     Since  the  dead  paad  k- 


ntly   equal    to    the   aun 
nel  loada    on     one    aidf 
ntfr    ot    the    ari^h.     or, 
.420   lb.      The    hariionld  r» 
of  the  aich.     For  tbe  In 


e  loada  are  vertieal  the  roaetion  At  hin 

I  of  the  lever  amu  ean  be  obUined  [rom  Fig.  2i 

lieal  methods  can  be  appUed  to  this  ease,  little  is  lo  be  gained  the 

irefore  recommended. 

rhe  gtreeeee  in  the  me>nb«Iii  ol  tbe  Hl^h  due  U,  tbe  applied  loada  she 

s  are  readily  determined  by  the  graphical  melboda  of  etrees  anal 

1  diagram  u  drawn  for  the  left  side  of  the  arch. 


lioriioatal  and  equal  to  fii. 

readily  applied  to  the  detcrtnination  of  tbe  v 

ut  further  calculation,  eicept  aitnple  addition.    VU 

gained  Ibpreby.     The  algrbraie  method  of  cal 
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oonitiuetins  Mioa  diMnmH  of  tta  kind  showD  in  Fig>.  220  to  220,  Brest  Cftra  niuat  b«  luad  in  drawins  tbe 
u.  for.  to  be  oorrect,  the  dugrmm  musl  clou.  That  b,  BuppoH  Uut  the  du«nm  a  begun  Bt  point  A  at 
Vig.  225,  utd  carried  [orward  to  point  C.  I(  the  dlaerem  is  Hccimtely  diann.  the  nsultaiit  of  the  atteBBH  in 
tnemban  a-S3  and  1-22  at  joiDt  C  will  be  »qiia]  to  Ri,  the  hings  reaotion  at  C.  In  Fie.  226,  exact  olmure  of  the 
■tnai  diastaia  ia  oblalDed  when  the  faoriionlal  gomponente  of  1-22  and  ir-22  are  equal  to  l-ii,  and  when  point  22  ig 
diraotir  over  point  21.  The  effeet  of  cumulative  enon  on  the  doeura  of  the  diacram  can  be  reduced  by  Btartine 
the  diacram  at  point  A  and  carrying  it  about  half  way  aomea  the  tramr  work.  Another  atari  eau  then  be  made  at 
point  C,  and  doaure  made  on  the  part  of  the  diagram  already  drawn.  It  ¥rill  uaually  be  found  that  oloaing  erroia 
can  be  reduced  by  this  method. 

Accurate  coutniction  of  atreaa  diagramg  ia  gteatly  facilitated  if  the  tiun  diagram,  shown  by  Fig,  22B,  is  drawn 
to  a  large  acale.  Thii  results  in  long  hnea,  from  whieh  the  slope  of  the  members  can  readily  be  obtained.  If  a  small 
sise  truss  diagram  is  used,  tbe  tinea  are  so  short  that  an  aceurate  detarminstioa  of  the  true  s]op«  is  impossible. 
Tbe  streea  diagrams  should  be  drawn  to  a  scale  which  will  result  in  lines  wfaioh  nan  be  diswn  with  Iriangiea  not  ex- 
ceeding about  ths  12-in.  sise.  Thissvoids  inaccuracies  resulting  from  lines  drawn  by  several  shifts  of  thetrian^. 
Also,  the  stress  disgram  should  be  located  ma  close  to  tbe  truss  dis- 

tanee.  which  is  certain  to  result  in  inaccurate  work. 

It  is  btut  to  make  fiequcat  checks  on  the  graphical  work  by 
means  of  stresses  calculated  by  the  algebraic  method  eiplained  in 
Alt.  I70i.  Stresses  in  chord  members  sre  readily  calculated  by 
the  method  shown  in  Fig.  224(t:),  and  form  s  convenient  check,  ft 
the  graphical  and  algebraic  methods  do  not  check,  it  ia  well  to  revise 
the  graphical  work  before  proceeding  with  the  oonstruction  of  the 
diagram. 

SnsB  Lead  Streitsa.— StreHea  due  to  snow  load  are  (o  be  de- 
terminsd  for  three  conditions  of  loading,  as  stated  in  Art.  171. 
These  condition*  are  (a)  enow  load  on  left  side  of  roof,  lb)  snow 
load  on  right  side  t4  root,  and  4c)  anow  load  on  whale  roof. 

The  panel  loads  due  to  snow  are  to  be  determined  from  the 
data  dven  ID  Table  8.  p.  487.     Sioce  the  loot  slope  variea,  the  unit  p„    229,— Wind  load  stres.  diagram, 

snow  losd  wiU  depend  upon  the  loeation  of  tbe  panel  point.     Beveral 

it  will  be  assumed  that  the  outside  roof  surface  is  an  arc  ol  a  circle,  and  that  the  unit  snow  losd  for  the  area, 
tributary  to  any  psoal  point  is  equal  to  tbe  load  for  a  plane  tangent  to  the  roof  surface  at  the  panel  point. 

Thus  at  point  F  of  Fig.  2SS,  a  plane  tangent  to  the  roof  lurtaoc  makes  an  angle  of  about  IS  deg.  30  min.  with 
the  horisontat.  It  can  be  shown  that  this  angle  corre^mnds  closely  to  a  pitch  of  H,  as  defined  in  the  chapter  on^ 
Boot  Tnueee — General  Design.  From  the  table  of  snow  loads  reletred  to  above,  (he  snow  load  per  sq.  ft.  of  rooP 
surface  for  a  tile  root  of  H  pitch  located  in  the  Central  SUtcs  is  30  lb.  By  methods  similar  to  tboee  used  above  tor^ 
the  desd  panel  load  due  to  roofing,  it  will  be  found  that  Uie  snow  panel  load  for  point  F  'a  H  (18.3  +  IS.S)  X  30, 
X  30  -  14.300  lb.  Panel  loads  at  other  points  are  as  follows;  D  -  0  (slope  45  deg.,  unit  snow  load  -  0);  S  - 
G740lb.  (slope  -  30 deg..  unit  snow  toad  -  lllb.);(7  -  13,800  lb,  (slope  practicaUy  flat,  unit  snow  load  -  3D  lb.); 
It  -  10,350  lb.  (slope  -  fiat,  unit  snow  load  -  30  lb.). 

In  tabulating  the  stnases  in  a  symmetrical  three-hinged  arch,  it  is  usual  to  make  a  table  containing  the  mem- 
bers of  the  left  half  of  the  arch.  Table  1.  in  which  tbe  strenes  for  (he  arch  of  Fig.  225  are  tabulated,  contains  (he| 
members  of  the  left  half  of  the  arch.  All  stresses  rsquired  in  Table  1  for  the  three  snow  losding  conditions  csn  ba 
determined  from  stress  diagrams  drawn  for  all  members  of  the  arch  due  to  snow  loada  on  one  arm  of  tbe  arch,  niJ 

'        The  reactions  at  the  points  of  support  and  at  the  crown  hinge  due  to  the  loading  shown  on  Fig.  227(a)  can  be 

Fig.  227;  V,  -  30,600  lb.;  H,  -  20,400  lb.;  V,  -  13.500  lb.;  H,  -  20,4001b.:  Vi  -  13.590  lb.:  and  Hi  -  20,400 
lb.  All  foroos  act  aa  shown  in  Fig.  227.  A  graphical  solution  of  the  reactions  can  be  made  by  the  method  shDwn{ 
In  Fig.  221. 

The  ■treoss  in  the  members  ol  the  left  halt  of  the  grab  tor  case  (a),  loads  on  the  left  half  of  the  arch,  are  given 
by  a  stress  diagram  drawn  for  the  loading  conditions  of  Fig.  227(5).  This  stress  diagram  is  shown  in  f^.  228(a)J 
The  stresses  soaled  from  this  disgram  are  recorded  in  col,  2  of  Table  1.  Stressa  in  tbe  members  of  the  left  lialf  d( 
the  arch  for  case  (5),  loads  on  the  tight  half  of  the  arch,  are  given  by  the  stress  diagram  of  Fig.  228(5),  which  iq 
ilrawn  for  tbe  loading  oonditiona  shown  in  Fig.  227(c).  It  will  be  noted  that  the  loading  CDOditions  shown  iq 
Fis.  (c)  are  oppoaile  hand  of  those  for  tbe  right-hand  half  of  the  arch,  loads  on  the  left  hall,  as  shown  in  Fig.  (n); 
Btnases  soaled  from  the  stress  disgrsm  of  Fig,  228(6)  are  recorded  in  col.  3  ol  Table  1.  The  etreesee  for  membera 
of  ths  leSl  half  of  the  arch  for  case  (c),  loade  OD  the  whole  arch,  can  be  obtained  by  adding  the  stresMS  given  iq 
Figs.  228(ii)  and  <5)  for  tho  member  in  qucetion.     These  stresses  sre  recorded  in  col,  4  of  Table  1. 

IFiiuf  Load  Strtttti. — As  in  tbe  case  of  tbe  wooden  and  steel  simple  roof  trusses  designed  in  the  preceding 
sbaptsra,  it  win  be  assumed  that  tne  working  streeses  for  wind  loads  are  60  %  larger  than  those  tor  dead  and  snow 
lead*.  Assuming,  ss  before,  ttiat  the  working  wind  load  is  30  lb.  per  *q.  tL,  and  that  the  working  stress  for  windi 
loading  is  24,000  lb,  per  sq.  in,,  the  working  wind  load  to  be  used  tor  a  16,000  lb,  unit  stress  is  20  lb,  per  sq.  It.' 
Wind  panel  loads  will  tbarefore  be  determined  for  a  unit  wind  pressure  of  20  lb.  per  sq.  ft. 

In  determining  the  normal  wind  pressure  to  be  used  at  the  eeveral  panel  pointa,  the  same  assumptions  will  ba 
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made  as  for  snow  panel  loads.  Thus  at  point  F  where  the  slope  of  the  tangent  to  the  roof  aurfaoe  cotrespoadi&A. 
H  pitch,  the  normal  wind  pressure,  as  given  by  Table  7,  p.  467,  is  18.9  lb.  per  sq.  ft.  of  roof  surfaoe.  The  io^bi 
panel  load  is  H(16-3  +  15.6)  X  30  X  13.9  -  6000  lb.,  acting  normal  to  the  roof.  By  methoda  atmiiar  tc  tta* 
used  for  the  snow  panels  loads,  it  will  be  found  that  the  wind  panel  loads  at  the  other  pointa  are  as  follows:  b  > 
6250  lb.  (slope  -  46  deg.,  unit  wind  load  »  18.9  lb.);  £  -  8350  lb.  (slope  «  30  deg.,  unit  wind  load  -  l«fc 
O  -  2800  lb.  (slope  -•  about  9  deg.,  unit  wind  load  -  6.1  lb.);  and  H  "  O  (slope  flat).  These  loads  are  sksvss 
position  on  Fig.  226.  Since  the  side  walls  are  assumed  to  be  self-supporting,  it  will  be  assumed  that  tlie  wnai  hm 
in  these  walls  are  carried  directly  to  the  foundations  without  causing  any  stress  in  the  membeis  of  tlie  arch  to^ 
If  the  construction  is  such  that  the  arch  carries  the  horisontal  wind  load,  the  wind  panel  loads  can  be  cslesistad  h 
methods  similar  to  those  used  in  the  chapter  on  the  Detailed  Design  of  a  Truss  with  Knee-braoes. 

The  reactions  due  to  wind  loads  will  be  determined  by  graphical  methods,  for  the  work  required  by  a 
solution  will  be  found  to  be  considerably  less  than  that  required  by  an  algebraic  solution.      Usias  tbe 
given  in  Fig.  221  of  Art.  170a,  the  final  equilibrium  polygon  is  shown  in  position  in  Fig.  225.     Tbe 
actions  are  shown  to  scale 'on  the  force  polygon  of  Fig.  229. 


Table  1. — Stresses  in  a  Three-hinged  Arch  Roof  Truss 

(Fig.  225) 


Member 

Dead  load 

(1) 

Snow  load 

Left  side 

loaded 

(2) 

Snow-load 

Right  side 

loaded 

(3) 

Snow  load 

Both  sides 

loaded 

(4) 

Wind  load 

Left  side 

loaded 

(6) 

Wind  load 

Right  side 

loaded 

(6) 

Maxim  um 
t4^nsion 

(7) 

Maifaa 

1 
•s 

% 

&-1 

+  4,500 

+2,260 

+  12,250 

+  14,500 

-10,000 

+  4.930 

19.000 

5.5n 

&-2 

+  4,000 

+  1,900 

+  10,600 

+  12.400 

-8,600 

+  4,220 

16,400 

4m 

fr-4 

+46.900 

+22,300 

+32,100 

+54.400 

-11.900 

+  12,900 

100.300 

6-6 

+32,000 

+  16.600 

+28.600 

+44.200 

-14,900 

+  11,600 

76,200 

c-7 

+29,600 

+  10,800 

+20.200 

+31,000 

- 10,300 

+  8.200 

60,000 

I 

c-9 

+26,200 

+4,200 

+29,600 

+33,700 

-19,200 

+  11,860 

50.9OU 

d-11 

+23,600 

-  4.600 

+34,500 

+30.000 

-26.900 

+  13,900 

53.500 

2.4M 

d-13 

+  11,200 

-18,900 

+36,000 

+  17.100 

-28,200 

+  14.600 

47.200 

17.W 

•-15 

+     6.000 

-23,100 

+33,100 

+  10.000 

-26,400 

+  13.300 

38.100 

21.486 

«^17 

-    8,500 

-30,100 

+25,600 

-  4,600 

-22,100 

+  10,300 

17,100 

38J«> 

/-19 

-   11,800 

-23,100 

+  14,000 

-  9,100 

-15,000 

+  5.630 

2.200 

S4,9« 

/-21 

-  21,200 

-18.200 

-      900 

-19,100 

-  7.750 

-      360 

40,jn 

g-22 

-  26,000 

-23,800 

-   1,600 

-26,300 

-  9,700 

-600 

51,»B 

Bottom  chord 

l-l 

-  77,000 

-37.900 

-28,000 

-66.900 

-  6,600 

-11,300 

142J0B 

l-S 

~  108.900 

-53,600 

-46.000 

-99.600 

-  2,350 

-18.500 

208.501 

1-5 

-106,000 

-62,000 

-47,600 

-99.600 

+      900 

-19,200 

205.ini 

l-S 

-  92,500 

-41,000 

-61,600 

-92.600 

+  9,100 

-20.700 

1854in 

I-IO 

-  79,600 

-29,700 

-66.200 

-86,900 

+  18.100 

-22.600 

1«5.«D 

L 

/-12 

-  71,800 

-18.700 

-58.800 

-77.600 

+  19,800 

-23.600 

149^ 

1-14 

-66.700 

-   2.900 

-68.000 

-60,900 

+22.000 

-23,400 

117,«H 
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1-16 

(1) 
-  48.800 

(2) 
+  2,000 

(3) 
-64.300 

(4) 
-52.300 

(5) 
+  18.300 

(6) 
-21.800 

(7) 

(8) 
103,100 

^-18 

-34.000 

+  9.300 

-46,200 

-36.900 

+  14,100 

-18.600 

80.200 

^-20 

-30.300 

+  2.600 

-34,300 

-31.700 

+  6.650 

-13.800 

62,000 

f-22 

-26.000 

-  2.200 

-24.000 

-26,200 

-      600 

-  9.650 

52,200 

1 

1-2 

-     2.500 

-  1.100 

-  6,200 

-  7,300 

+  6.150 

-  2.500 

2.650 

9.800 

3-4 

-  27.200 

-13.300 

-14.200 

-27,600 

+   2.200 

-  6.700 

64.700 

i 

6-6 

+     6.600 

+  3.100 

+  1,600 

+  4,700 

+  1.420 

+      860 

11,300 

s 

OS 

7-8 

-     4,500 

-  8.200 

+  10,300 

+  2.100 

-10,300 

+  4.150 

5.800 

14.800 

1 

9-10 

-  19,600 

-16.300 

+3.800 

-11.600 

-10.700 

+   1.600 

34,900 

;S 

11-12 

-  13.000 

-13.800 

-      600 

-13.200 

-      800 

-      240 

26,800 

ia-I4 

-  20.000 

-16.800 

-  4.900 

-21.700 

-      700 

-   1,970 

41,700 

16-16 

-   12,000 

-  4.600 

-  8.200 

-12.800 

+5,180 

-  3.300 

24.800- 

17-18 

-   16,000 

-  6.700 

-11.200 

-16.900 

+5,050 

-  4.500 

32.900 

10-20 

-     6,900 

+  6.900 

-13.100 

-  7.200 

+  6,850 

-  6.260 

950 

19.000 

21-22 

+     6,500 

+  6.200 

+  1.000 

+  6.200 

+  6,200 

+      400 

12,700 

2-3 

+  60.000 

+24.600 

+26.800 

+50.300 

-  8,900 

+  10,400 

100.300 

4-6 

-  15.200 

-  7.300 

-3.800 

-11,100 

-3.350 

-   1.530 

26.300 

6-7 

-  33.200 

-12.200 

-22,500 

-34,700 

+  6,500 

-  9.050 

67.900 

8-9 

+     1.600 

+  6.000 

-11.600 

-  6.600 

+  10,400 

-  4.660 

11,900 

10.100 

1 

10-11 

+     1.500 

+  9,100 

-  7,000 

+  2.100 

+  8,300 

-  2.820 

10,600 

6.500 

1 

12-13 

+  12.600 

+  16,000 

-  2,800 

-13.200 

+  3,600 

-   1.130 

28,500 

700 

14-15 

+     6.200 

+  6,600 

+  1.400 

+  6.900 

-  8,150 

+      570 

13,100 

16-17 

+  16.000 

+  8,500 

+  7,800 

+  16.300 

-  4,500 

+  3.140 

32,300 

18-19 

+     4.100 

-  8,000 

+  13.500 

+  6,500 

-  8,700 

+  6.430 

17,600 

4.600 

20-21 

+  11.800 

-  6,000 

+  18.600 

+  12,600 

-  8,950 

+  7,500 

30.400 

Vi 

+  62,420 

+30,600 

+  13.590 

+44,190 

+  14,200 

s 

o 

Hi 

+  42.000 

+20,400 

+20.400 

+40,800 

-   1,850 

+  5,450 

Vt 

0 

+  13,690 

-13.590 

0 

+  6.450 

+  8.250 

1 

H» 

+  42,000 

+20.400 

+20.400 

+40,800 

+  8.260 

-   5.450 

Rt 

42,000 

24.500 

24.600 

40,800 

9.860 

9.850 

Notation; h  —  tension  —  —  compreBsion 

Reaction  Notation: — Pooitive  reactions  act  as  shown  in  Fig.  227  (6). 


As  stated  in  Art.  171.  wind  stresses  are  to  be  determined  for  wind  load  on  either  half  of  the  arch.  The  stress 
iagram  of  Fig.  229  is  drawn  for  stresses  in  the  members  of  the  left  half  of  the  arch  due  to  loads  on  the  left  side  of 
tie  crown  hinge.    These  stresses  are  recorded  in  col.  5  of  Table  1 .     Stresses  in  the  members  of  the  left  half  of 


576  HANDBOOK  OF  BUILDING  CONSTRUCTION  [See.  H". 

the  ueh  due  to  vind  loade  OD  ths  right  ude  of  the  orown  hiuse  eta  bs  detsrmined  by  ratio  from  the  tmm  a 
■ueeaa  for  the  corTeepoading  conditioii  of  loading.  This  ahort  qui  is  poeoible  becaiue  for  liwda  on  UwticktH 
of  the  arch,  atreuu  in  memben  of  tlie  left  hall  of  the  ueh  an  due  to  the  action  of  the  risht  biUf  •«««» 
left  half.  As  ahowD  in  Figa-  221  and  227  (a),  thia  ution  can  be  lepnoented  by  ■  foroe  actms  on  ■  line  rrnmiiB 
the  croTD  and  abutment  hiniei.  Therefore  IhE  wind  atregees  required  for  col.  6  of  Table  I  oui  be  ofatBMd  a 
multiplying  the  atreeeea  given  in  col,  3  by  the  ratio  of  the  reactiona  at  the  aupportiuc  hinges  for  tli«  tva^a 
From  Fie.  228  (b).  the  reaction  at  A  for  anow  load  on  the  right  half  af  the  areh  ia  2«.500  lb.  The  tne 
A  for  wind  loads  on  the  Tt|ht  half  of  the  arch  ■  the  aame  ai  that  given  in  Fig.  229  for  Uw  risht^tiand  ai 
whicn  u  found  to  be  dSSO  lb.  Hence,  if  the  atreeeeg  in  cd.  3  are  multiplied  by  9850/24,600  —  0.4O2.  tbe  re 
etreeseg  will  bs  the  values  required  for  members  of  the  left  half  of  the  arch  due  to  wind  louls  on  the  i^i  U 

Maximum  SIremi  in  Utmbtrt.    The  maiiniuin  eirews  in  the  membera  of  the  areh  u 
calculated  on  the  aasumptioc  that  wind  and  anow  loads  do  not  act  at  the  same  time.     '. 
of  the  dead  load  atrcsses  and  the  anow  or  wind  etnissee  which  will  result  in 
Ji  the  several  members. 


173.  Design  of  Hembers  and  Joints  for  a  TTpical  Tliree-hlnged  Arch. — The  prutciplB 
Koveming  the  selection  of  ths  form  of  members  for  arch  trussea,  and  the  dcap 
of  these  members  are  the  same  as  for  the  trusses  designed  in  the  preceding  chapters.  IW 
principles  are  given  In  the  chapter  on  Roof  Trusses-General  Design.  The  application  of  tha 
principles  to  the  design  of  arch  trusses  will  be  illustrated  by  a  partial  design  of  membn 
and  joint  details  for  the  three-hinged  arch  for  which  the  stresses  h&v«  been  calculated! 
Art.  172. 

The  form  of  the  nwuibeis  ol  an  arch  truss  win  depend  on  the  amount  of  alreu  to  be  earrieil.     For  tbt  Ira 
under  consideration  in  Art.  172.  it  will  be  found  from  a  study  of  the  stresses  given  in  Table  1.  that  IheiU 
In  aO  members,  eacepts  few  ol  the  lower  chord  membeis.  eui  be  provided  for  by  sectioas  composed  of  two  si 

The   boMom    chord  i 
beis  in  irbioh  brge  Ki 


miasea  for  I 
the  Univrn 


members,  h 

.     The  bottom 

faord  memb 

bers 

Adequate 

provision  fo 

X  M-in.  angles;  membe 

angl 

asudaHX 

«-in,  plat* 
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X  N-in,  a 

gles.      For 

2  ah 

w  the  Kenen 

elaih  (or  the  th 

ee-hin«eds 

composed     of     I    i 
beams.       The    Smf-  tt, 
lor  Oct.  7,  I9I6  eostaBi 

are  compiwed  of  as^iii 

fng^        pUles. 

By  metliods  aisk' 
those  used  in  Chedaaa 
of  the  preocdiug  da 
it  will  be  found  th 

I  MMIJBita  members  listed  at  la 
chord  membera  is  TsU 
of  Art.  172  emu  be  ■ 
of  two  6  X  6  X  M. 
an^es.  asparaiad  by  a  ' 

Thia  section  fursi^bsr 
uiremenla  of  moat  members,  it  will  be  MkfM 
lewhat  greater  variations  in  aUns  than  thru 
ed  by  the  following  eeetions:  uemben  i 
K  H-iB.  angka:  and  member*  l-$  to  M.  tw 
pt  s  few  near  the  end  of  the  arch,  can  be 
wo  S  X  an  X  H-ln.  angles  wiU  anwer.    Rp 
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lined  in  the  chapter  on  Roof  TnissoB — General  Design.     With  the  exception  of  the  hinged  jointa  at  A  and  C,  the 
appHoation  of  theae  principles  ia  exactly  the  same  as  for  the  simple  trusses  designed  in  the  preceding  chapters. 

Fig.  230  shows  the  adopted  details  for  the  hinge  joint  at  A  and  a  portion  of  the  lower  end  of  the  arch  tniss. 
As  shown  on  Fig.  230,  the  members  at  the  lower  end  of  the  truss  are  connected  to  a  large  gusset  plate  which  includes 
several  joints  and  members.  This  is  necessary  because  the  members  are  short  and  the  stresses  are  large,  thus 
requiring  large  joint  details.  A  single  plate  greatly  strengthens  the  end  detail  and  makes  possible  a  very  compact 
joint. 

It  will  be  assumed  that  the  rivets  used  in  the  design  under  consideration  are  ^-in.  in  diameter,  and  that  the 
allowable  bearing  and  shearing  values  are  24,000  and  12,000  lb.  per  sq.  in.  respectively.  From  Fig.  230  it  can  be 
seen  that  the  rivete  connecting  the  members  to  the  plates  are  in  bearing  on  a  Vi-vx.  plate.  For  the  allowable  values 
given  above,  the  rivet  value  is  10,500  lb.  All  of  the  end  details  shown  in  Fig.  230  provide  sufficient  rivets  to  con- 
nect the  members  to  the  gusset  plates.  It  will  be  noted  that  lug  angles  are  used  on  member  D-F.  These  lugs  are 
used  in  order  to  reduce  the  sise  of  the  end  connection,  and  also  to  provide  a  connection  between  both  legs  of  the 
angles  and  the  gusset  plate.  This  is  advisable  where  the  stresses  in  the  members  are  large.  The  design  of  lug  angle 
details  is  considered  in  the  chapter  on  Splices  and  Connections — Steel  Members  in  Sect.  2. 

The  top  and  bottom  chord  members  are  usually  spliced  at  frequent  intervals  in  trusses  with  curved  chords. 
When  the  chord  section  consists  of  two  angles,  an  effective  splice  is  furnished  by  a  detail  similar  to  that  used  at  joint 
g  of  the  steel  roof  truss  designed  in  the  chapter  on  tne  Detailed  Design  of  a  Steel  Roof  Truss.  By  using  this  detaili 
the  stress  in  the  horixontal  legs  of  the  angles  is  transferred  across 
the  splice  by  means  of  the  splice  plate,  leaving  only  the  stress  in 
the  vertical  legs  of  the  angles  to  be  transferred  to  the  gusset  plate, 
thus  securing  compact  joint  details.  A  similar  detail  can  be  used 
where  the  chord  section  consists  of  angles  and  plates.  If  the  joints 
are  milled  bo  that  a  bearing  fit  is  assured,  only  enough  rivets  need 
be  provided  to  hold  the  members  in  contact.  Figs.  230  and  232 
show  the  details  adopted  for  the  design  under  consideration. 

The  design  methods  to  be  used  for  the  shoe  and  the  pin  at  joint 
A  depend  upon  the  assumptions  made  regarding  the  action  of  the 
supporting  foroes  at  the  abutments.  If  it  be  assumed  that  the 
horixontal  component  of  the  reaction  is  taken  by  a  tie  rod,  the  shoe 
and  the  supporting  foundation  can  be  designed  for  vertical  forces 
only.  Fig.  230  shows  a  shoe  designed  on  this  assumption.  If  it  be 
assumed  that  the  foundations  can  resist  vertical  and  horisontal 
forces,  the  shoe  must  be  placed  at  an  angle  to  the  vertical,  as  shown 
in  Fig.  231.  Designs  based  on  these  two  assumptions  will  be  con- 
sidered in  detail. 

Consider  first  the  tie  rod  design  shown  in  Fig.  230.  In  this 
design  it  is  assumed  that  the  horisontal  and  vertical  components  of 
the  reaction  are  taken  respectively  by  the  tie  rod  and  the  shoe. 
Table  1  of  Art.  172  shows  that  these  reactions  arc  a  maximum  for  dead  load  and  snow  load  on  both  arms  of  the 
arch.  The  horisontal  component  of  the  reaction  is  found  to  be  42,000  +  40,800  ■•  82,800  lb.,  and  the  vertical 
component  is  found  to  be  62,420  +  44,190  -  106,610  lb. 

Assuming  that  the  working  stress  in  the  tie  rod  is  16.000  lb.  per  sq.  in.,  the  area  reqiured  is  82,800/16.000  ■- 
5.27  sq.  in.  Two  4  X  ^-in.  eye-bars  furnish  6.0  sq.  in.  If  the  allowable  bearing  on  a  concrete  foundation  is  taken 
as  400  lb.  per  sq.  in.,  the  area  of  the  base  of  the  shoe  must  be  106,610/400  «>  266  sq.  in.  The  shoe  shown  in  Fig. 
230  provides  a  base  area  of  15  X  20  »  300  sq.  in. 

Design  methods  for  the  pin  connecting  the  shoe,  tie  rod,  and  truss  are  given  in  the  chapter  on  Splices  and 
Connections — Steel  Members.  The  sise  of  the  pin  is  determined  subject  to  the  following  conditions:  the  bearing 
areas  between  the  members  and  the  pin  must  be  sufficient  to  keep  the  bearing  pressures  within  the  allowable  limits, 
which  will  be  taken  as  24,000  lb.  per  sq.  in.,  and,  the  extreme  fiber  stress  due  to  bending,  considering  the  pin  as  a 
simple  beam,  must  be  within  the  allowable  limits,  which  will  be  taken  as  25,000  lb.  per  sq.  in. 

The  design  of  the  pin  is  carried  out  by  assuming  the  sise  of  pin.  Having  given  the  maximum  load  to  be  carried 
by  the  pin,  the  bearing  areas  required  for  the  several  parts  are  determined.  If  the  parts  butting  on  the  pin  do  not 
furnish  the  required  area,  they  must  be  increased  by  the  addition  of  pin  plates  until  the  proper  area  is  provided. 
Assuming  the  centers  of  pressure  to  be  located  at  the  centers  of  the  bearing  areas,  the  bending  moments  due  to 
the  applied  loads  are  calculated  and  compared  with  the  resisting  moment  provided  by  the  assumed  pin.  If  the 
assumed  pin  is  found  to  be  inadequate,  the  calculations  must  be  revised. 

For  the  case  under  consideration,  a  4>^-in.  pin  will  be  assumed.  Fig.  230  shows  the  adopted  arrangement  of 
the  joint  details.  The  load  brought  by  the  pin  to  the  shoe  is  equal  to  the  vertical  component  of  the  reaction,  which 
is  106,610  lb.  At  24,000  lb.  per  sq.  in.,  the  width  of  bearing  required  on  the  webs  of  the  shoe  is  106,610/4>^  X  24,- 
000  X  2  —  0.518  in.  for  each  web.  Assuming  that  a  cast-steel  shoe  is  used,  the  webs  will  be  made  1  in.  thick,  as 
the  use  of  thinner  material  is  not  advisable. 

The  load  brought  by  the  arch  to  the  pin  is  equal  to  the  resultant  of  the  horisontal  and  vertical  components  of 
the  maximum  reaction,  which  is  due  to  dead  load  and  snow  load  on  both  arms  of  the  arch.  For  the  components 
given  above,  this  load  is  (82,800*  +  106,6l6»)^«  135.000  lb.  The  width  of  bearing  required  at  the  lower  end  of 
the  arch  truss  is  135,000/4^  X  24.000  »  1.32  in.  Since  the  main  gusset  phite  at  joint  A  is  >i  in.  thick,  the  width 
of  bearing  must  be  increased  by  the  addition  of  pin  plates.  Fig.  230(a)  shows  the  adopted  detail.  The  main  angles 
37 
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•re  spread  somewhftt,  and  the  space  between  the  angles  is  filled  by  means  of  5^ -in.  platee  plsi«ed  on  boA  §« 
of  the  gusset  plate.     To  stiffen  the  plates,  and  also  to  tie  the  main  angles  together,  a  6  X  4  X  fi-iB« 
on  each  side  of  the  plates.    The  total  thickness  of  bearing  provided  by  this  detafl  is  2H  in-t  whieli  i 
that  required,  but  as  a  rigid  detail  is  desired,  it  is  not  advisable  to  use  a  smaller  number  of  plates. 

The  bending  moment  on  the  pin  can  be  determined  by  calculating  the  moments  due  to  the 
sontal  forces,  and  finding  their  resultant.    Fig.  230(e)  shows  the  components  of  forces  and  the  lerwr 
lever  arms  are  determined  for  the  packing  shown  in  Fig.  230(b).     A  clear  space  of  }^  in.  im  provided  Detweats 
several  members.     From  Fig.  (e),  the  vertical  component  of  moment  is  63,305  X  3.0  ■■  166,M)0  m.-lb.,  mai  > 
horisontal  component  of  moment  is  41,400  X  1.125  *  46,600  in  .-lb.    The  resultant  moment  is  tbea  (itfjv 
+  46,600*)^-  173,000  in.-lb.    From  the  tables  of  bending  moments  on  pins,  it  will  be  found  tlutt  tbe  sale  bm 

on  a  Ayi-in.  ,pin  for   an   aUovaiblr 
2M  S>6S[/^-^  , ,  j^Uiat9£iA  stress  of  25,000  lb.  per  aq.  in.  is  l«£i 

in.-lb.     The  assumed  pin  will  be 
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^ejx^Kf      ^^  gusset  plate  at  point  X. 
increase  the  width  of 
must  be  fastened  to   the 
that  aU  plates  will  act  as  a  tinit. 
ing  that  the  load  carried  by 
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proportional  to   its   tfci 
carried  by  each  H-tn.  ande 
0.375/2.5  -  20,600  lb.,  and 
ried  by  each  M->n*  filler  plate 
X  0.625/2.5  -  33,800  lb.       As 
Fig.  230(a),  the  rivete 
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X  4  X  M-in*  angles  to  the  plates  are  in  double  shear,  when  both  angles  are  assumed  to  act  tosether.  For  tk 
allowable  shearing  value  given  above,  the  double  shear  value  of  a  civet  is  14,400  lb.  Aaaumiac  that  tht  tn 
angles  act  together,  the  total  load  to  be  carried  is  2  X  20,600  *  41,200  lb.,  and  the  number  of  rirete  icqaM  > 
41.200/14,400  -  3  rivets.  The  detail  of  Fig.  230(a)  shows  three  rivets  close  to  the  pin  and  four  others  at  ths  oi 
of  the  angles.  Assuming  that  the  M-in*  filler  plates  and  the  angles  on  each  side  of  the  guseet  i^te  act  timtii 
the  total  load  to  be  carried  is  2(33,800  +  20,600)  »  108,800  lb.  As  shown  in  Fig.  230(a),  the  oonneetiag  livas 
are  in  bearing  on  the  H-in«  gnsset  plate,  and  hence  the  number  of  rivets  required  is  108,800/10,500  ■■11  ima 
Fig.  230(a)  shows  14  rivets  in  place  in  the  filler  plates  and  the  angles. 

Fig.  231  shows  the  details  of  a  shoe  designed  to  carry  the  vertical  and  horisontal  componenta  of  the 
The  slope  of  the  base  of  the  shoe  is  determined  by  the  condition  that  it  should  be  perpendioular  to  the 
the  maximum  reactions      Fig.  231(b) 

shows  the  amount  and  direction  of  the  i     .  '-ilff^Sl^i'  I 

resultant  reactions  due  to  all  possible 
combinations  of  dead  and  snow  or 
wind  load  reactions.  These  result- 
ants were  plotted  from  the  values 
given  in  Table  1.  It  will  be  noted 
from  Fig.  (b)  that  the  reactions  lie 
dose  together,  and  that,  a  plane  x-y  at 
a  slope  of  8  in.  in  12  in.  is  normal 
to  the  average  direction  of  these  re- 
sultants. 

The  base  area  required  on  the 
line  a-6  must  be  suflident  to  provide 
for  the  maximum  reaction  of  135,000 
lb.  which  occurs  for  dead  load  and 
snow  load  on  both  ddes  of  the  arch. 
It  is  usual  to  provide  a  short  hori- 
sontal base  area,  shown  by  a-c  of  Fig. 
231(b).     All  details  are  as  shown  on  Fig.  231.     The  dedgn  methods  are  dmilar  to  those  used  for  Fig.  230. 

Fig.  232  shows  the  details  of  the  pin  joint  at  the  crown  hinge,  and  a  portion  of  the  truss.     The  design  methiA 
for  the  pin  and  the  pin  plates,  and  for  the  end  connections  of  the  members,  are  the  same  as  for  the  detaul  of  Fig.  S3i> 

174.  Bracing  for  Arch  Trusses. — The  general  plan  of  the  bracing  for  an  arch  truss  is  quiti 
similar  to  the  one  designed  in  the  chapter  on  the  Detailed  Design  of  a  Truss  With  Kos- 
Braces.  Since  the  trusses  are  large  and  must  be  rigidly  braced,  lateral  systems  are  gemsviK 
placed  between  every  other  pair  of  trusses.  In  the  plane  of  the  vertical  side  walls,  bradnii 
placed  in  every  bay.  A  very  good  idea  of  the  form  and  arrangement  of  the  required  bradai 
can  be  obtained  from  the  description  of  the  University  of  Illinois  drill  hall,  which  is  given  a 
the  Exiqr,  News  for  Dec.  11,  1913,  and  from  the  description  of  the  Springfield  Coliseum 
in  Engr,  Rec,  for  Oct.  7,  1916,  to  which  the  reader  is  referred. 
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The  tniBwd  purliue  which  connect  the  tnusM  at  alternate  panel  points,  form  port  of  the 
bracing  u  well  as  acting  as  purlins.  Fig.  233  shows  the  details  of  these  purlins,  which  are 
connected  to  the  vertical  truss  members  at  the  points  shown  in  Fig.  225.  The  purlins  are  de- 
signed lo  cany  the  roof  load  and  the  maximum  anew  or  wind  loads.  Fig.  233  shows  the  adopted 
aections.  The  lower  chord  members  of  the  end  panels  are  slopedso  that  the  lowerchord  member 
of  the  purlin  is  oonneoted  to  the  vertical  membeis  of  the  aich  near  the  foot  of  these  members. 


OKNAMBNTAL  ROOF  TRUSSES 

Br  W.  S.  KiNNK 

%79.  AicUtoctural  Timber  Work'. — Architectural  timber  work  is  an  important  clement  of 
interior  design,  especially  in  churches.  The  roof  structure  is  frequently  of  wood,  using  the 
hammer  beam  truss  where  the  roof  is  hUih.  In  buildings  with  low  pitched  roofs  the  braced 
arch  is  most  common.    This  form  of  construction  brings  some  thrust  upon  the  walls,    which 


Fia.  234.— Hkmmer  beam  with  so— on  truM  abon.  Fio.  23S.— H»mmer  beam  with  A-trun. 

must  be  counteracted  by  buttresses  or  extra  heavy  masonry.  The  roof  design  concerns  not 
only  the  trusses,  but  the  purlins,  rafters  and  sheathing  as  well,  all  of  which  may  bo  decorated  to 
a  greater  or  less  degree.  Btruelural  considerations  must  be  modified  and  supplemented  to  meet 
architectural  requirements.  Members  of  no  structural  value  may  be  introduced ;  stresses  must 
be  provided  for  without  too  great  insistence  on  economy  of  materials.  As  a  general  rule, 
borisontal  and  vertical  members  are  satisfactory,  together  with  arched  memben.  Large  diago- 
nal members  are  usually  disappointing  in  perspective.  The  timbering  is  sometimes  covered 
with  "boxing"  of  more  expensive  wood,  but  the  effect  is  usually  poor  as  compared  with  actual 
beams.  laminated  beams  are  frequently  used.  The  laminatons  may  be  masked  by  mould- 
ings and  decorative  elements.  The  advantage  lies  in  the  good  connections  and  masked  join- 
ings secured.  Steel  rods  should  not  be  exposed.  A  few  examples  of  ornamental  trusses  are 
shown. 

>  Thli  utiol*  rautilbuled  by  Artfaur  Pubody,  BI«tc  Arcliitict,  MaditoD,  Wli. 
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Fi^.  234  and  236  show  hammer  beam  truBsee  of  the  usual  form.     In  the  first  a  scisBOfs  tr^ 
used  over  the  bunmer  beam.     In  the  second  &  rafter  and  tie  beam  are  uaed.     Fig.  236riKi« 


Fia.  237. — Bnced  tteh  (St.  Jidui'i  CblksB^  Oirfo^L 


Tia.  238. — Brmced  u 


FiQ.  210.— Braeed  nftor. 


an  approximation  to  the  hammer  beam  truss,  but  depends  for  its  strengh  partly  on  the  i^ji3 
of  the  membera.    This  truss  should  be  built  of  seasoned  lumber  and  should  be  gone  o 
the  bolts  tightened  up  after  being  in  service  for  about  a  year. 
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Fig.  241. — Scissors  truss. 


Fig.  236  and  237  show  high  pitched  roofs  supported  by  a  timber  arch     The  arched  members 

add  something  to  the  rigidity  of  the  structure 

and  a  great  deal  to  appearance.    Fig.  239  shows 

a  low  pitched  roof  supported  by  a  king  post 

truss  with  a  timber  arch  below.    The  construc- 
tion of  this  truss  will  be  entirely  masked  by  the 

decoration.     Figs.  237,  238  and  239  are  from 

buildings  near  Oxford,  England. 

f^g.    240   is  a  modification  of  the  low 

pitched  truss  type,  formed  of  doubled  timbers 

and  a  few  false  members.     This  truss  should 

be  supported  on  quite  rigid  posts  built  into  the 

wall.      The  action  of  the  post  and  bracket  is 

that  of  a  cantilever,  to  which  the  upper  chord 

is  fastened. 

Fig.   241  shows  a  scissors  truss.      This 

form  of  support  is  less  meritorious  architectur- 
ally  and  structurally,  but  is  much  used  on 

cheap  work.     Its  principal  merit  is  the  arched 

effect  of  the  slanting  members. 

IThe  span  of  all  the  above  trusses  is  taken, 

for   convenience,  at  28  ft.      Spans  of  much 

greater  width  may  require  an  attic  space  with 

concealed  trusses.     In  this  event  the  interior 

will  show  the  ceiling  only,  which  will  be  sup- 
ported from  above. 

176.  Analysis  of  Stresses  In  a  Scissors  Truss. — The  stresses  in  a  truss  of  the  Scissors  type, 

shown  in  Fig.  241  of  Art.  175  are  readily 
determined  by  the  methods  of  stress 
analysis  given  in  Sect.  1.  Panel  loads 
due  to  dead  and  wind  loads  are  deter- 
mined by  the  methods  used  in  the  pre- 
ceding chapters  on  roof  truss  design.  As 
the  roof  slope  is  generally  quite  steep, 
snow  loads  need  not  be  considered. 

To  illuatrate  the  methods  of  stress  analysis 
for  trusses  of  this  type,  the  stresses  in  the  truss 
of  Fig.  242  will  be  determined  for  dead  and  wind 
loads.  Panel  loads  for  dead  and  wind  load,  de- 
termined by  the  usual  methods,  are  shown  in 
position  on  Fig.  242(a).  The  dead  load  stress 
/  diagram  is  shown  in  Fig.  (b),  and  the  wind  load 
stress  diagram  is  shown  in  Fig.  (c).  Table  1 
gives  the  resulting  stresses  for  dead  and  wind 
loads,  and  also  the  maximum  stresses  due  to 
•  IWIrvi  Load  ' — ^  ^^  ^^"  "*'  '"*'*'  '  '**'      ^"^  combined  dead  and  wind  loads. 

^^'*""  ^  "  Roof  trusses  of  the  scissors  type  are 

usually  constructed  of  wood,  with  the 
exception  of  the  vertical  member  C-E  of 
Fig.  242  (a),  for  which  a  steel  rod  is  used. 
Experience  has  shown  that  the  elastic 
deformation  of  the  members  of  a  scissors 
truss  results  in  a  considerable  horizontal 
movement  of  the  points  of  support.  To 
reduce  the  amount  of  this  movement,  it  is  the  general  practice  to  use  excess  area  in  the  top  and 


(a)  Truss  Diagram 


/- 


Dsfyrmctfn^f 


(i^  CHbninKon  Oiagnain 
Fig.  242. 
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bottom  chord  members.  For  the  truss  of  Fig.  242  (a)  it  will  probably  be  advisable  to  a»l  i 
10-in.  wooden  pieces  for  all  members  except  the  middle  vertical,  which  will  be  made  of  a  I  Vk 
round  steel  rod.  Typical  joint  details  applicable  to  the  truss  under  consideration  are  ihovi  x 
Art.  179. 

The  horizontal  movement  of  the  points  of  support  of  the  truss  of  Fig.  242  (a)  can  be  » 
5!ulated  by  means  of  eq.  (7),  p.  566.    This  equation  is 

where  D  =  deflection  of  any  point;  S  =  stress  in  any  member;  A  =  area  of  any  membr 
I  =:  length  of  any  member;  E  —  modulus  of  elasticity  of  the  material  composing  the  meoiba 
and  u  =»  a  ratio  which  is  equal  to  the  stress  in  any  member  due  a  1-lb.  load  applied  tt  fe 
point  whose  deflection  is  desired  and  acting  in  the  direction  of  the  desired  deflection. 

Tablb  1. — Strbssbs  In  A  Scissors  Truss 

(Fig.   242) 


Member 


Dead  load 


Wind  right 


Wind  left 


AB 


BC 


AE 


BE 


CE 


- 12.750 


-   8,600 


+  ».600 


-   3,120 


+  8,250 


-4,000 


-2,000 


+4.500 


-4,600 


+2.800 


-4.000 


—  16,750 


-4,000 


—  12.000 


+  14.100 


-    7,820 


+2.800 


+  11,050 


+  "■  tension.     —  *  oompression. 


Table  2. — Horizg^ttal  Deflection  op  Points  of  Support 

Calculation  of  Thrust  on  Walls 

Scissors  Truss 

(Fig  242) 


Member 

Stress 

1 

I 
2 

A 
3 

I 

AE 

4 

SI 

AE 

5 

11 
6 

SI 

ae"" 

7 

AE 
8 

-ffu 
(H   - 
6,510  lb.) 
9 

S 

10 

AB 

- 16,760 

102 

102 

102 

102 

152 

152 

76 

76 

96 

52.2 

0.000001965 

-0.0328 

-0.707 

+0.0233 

0.000000977 

+  4.610 

-111* 

BC 

-10,600 

52.2 
52.2 

0.000001956 

-0.0208 

-0.707 

+0.0148 

0.000000977 

+  4.610 

-MK 

CD 

-12,600 

0.000001965 

-0.0246 

-0.707 

+0.0175 

0.000000977 

+  4,610    -  7jm 

DF 

- 16,760 

62.2 

0.000001955 

-0.0328 

-0.707 

+0.0233 

0.000000977 

+-  4.610     -12.1« 

i 
I 

AE 

+  14,100 

52.2 

0.000002905 

+0.0410 

+  1.68 

+0.0648 

0.00000726 

-10,300 

+  1» 

EF 

+  9,600 

52.2 

0.000002905 

+0.0279 

+  1.68 
0 

+0.0441 

0.00000725 

-10,300 

-     » 

-    7.0; 

BE 

-   7.620 

52.2 

0.000001403 

-0.0111 

0 

0 

0 

DE 

-  3.120 

52.2 

0.000001403 

-0.00465 

0 

0 

0 

0 

-V»j 

CE 

+  11,050 

1.77 

0.000001810 

+0.0200 

+  1.00 

+0.0200 

0.00000181 

-   6.510 

+  4,W 

+0.2078 

0.00002023 
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For  the  truss  under  eonsideratioii,  the  deflection  of  the  left  end,  A  of  Fig.  (a),  will  be  de- 
termined with  respect  to  the  right  end,  point  F,  which  will  be  assumed  to  stand  fast.  This 
deflection  will  be  determined  for  the  maximum  stresses  in  all  members  due  to  the  dead  and 
wind  load  stresses,  as  given  in  Table  1.  These  maximum  stresses  are  recorded  in  Table  2. 
The  lengths  and  areas  of  the  several  members  are  also  given  in  Table  2.  Lengths  of 
members  are  given  in  inches,  and  areas  are  given  in  square  inches.  As  assumed  above, 
the  main  members  are  composed  of  a  6  X  10-in.  piece.  Assuming  that  dressed  lumber 
KB  used,  the  area  is  calculated  as  for  a  5)^  X  9H-in.  section  to  conform  to  the  methods  used  in 
the  chapter  on  Detailed  Design  of  a  Wooden  Roof  Truss.  The  modulii  of  elasticity  of  wood 
and  steel  are  taken  respectively  as  1,000,000  and  30,000,000  lb.  per  sq.  in. 

Since  the  horizontal  motion  of  point  A  is  desired  with  respect  to  point  F,  the  values  of  u 
as  defined  above,  are  to  be  calculated  for  a  1-lb.  load  applied  at  A  and  acting  horizontally. 
It  will  be  assumed  that  the  1-lb.  load  acts  to  the  left.  A  positive  sign  for  the  resultant 
deflection  will  indicate  that  the  direction  of  the  deflection  was  correctly  assumed.  If  the  sign 
18  negative,  the  true  deflection  is  to  the  right.  Values  of  u  were  calculated  by  means  of  the 
stress  diagram  of  Fig.  ((2),  and  the  stresses  are  recorded  in  Table  2. 

Of 

The  desired  deflection  is  determined  by  calculating  the  value  of  the  term-jn  u  for  each  mem- 
ber, and  adding  all  such  terms,  paying  particular  attention  to  the  sign  of  each  result.  It  is  to 
be  noted  that  for  stress,  plus  indicates  tension  and  minus  indicates  compression.  In  multi- 
plying the  several  values,  like  signs  result  in  plus  signs,  and  unlike  signs  result  in  minus  signs. 
The  resulting  values  are  given  in  Table  2  under  the  proper  heading,  and  at  the  foot  of  the  column 
is  given  the  sum  of  all  terms,  which  is  the  desired  deflection.     The  result,  +0.2078,  indicates 

that  point  A  moves  to  the  left,  0.2078  in. 

SI 

A  study  of  the  values  of  -Tp^  given  in  Table  2,  col.  7,  shows  that  about  80  %  of  the  total  de- 
flection calculated  above  is  due  to  the  elastic  distortion  of  members  A-B  and  D-F,  the  lower 
ends  of  the  top  chord  member,  and  A-E  and  E-F^  the  lower  chord  member.  Since  the  deflec- 
tion contributed  by  any  member  is  inversely  proportional  to  the  area  of  that  member,  it  follows, 
as  stated  above,  that  large  members  with  considerable  excess  area  should  be  provided  for  the 
chord  members  in  order  to  reduce  the  horizontal  movement  of  the  supports. 

By  calculations  similar  to  those  given  in  Table  2,  the  vertical  and  horizontal  components  of 
the  deflection  of  all  points  of  the  structure  have  been  calculated.  The  dotted  lines  of  Fig.  242  (c) 
show  the  distorted  position  of  the  truss,  and  the  full  lines  show  the  undeformed  truss.  In 
plotting  the  movement  of  the  several  points,  a  scale  was  used  which  shows  these  movements  at 
about  150  times  their  value  to  the  scale  of  the  truss.  Hence,  as  plotted,  the  actual  movement 
of  the  joints  is  greatly  exaggerated.  This  is  done  in  order  to  show  the  relative  rather  than  the 
actual  movement  of  the  joints. 

The  diagram  of  the  deformed  truss  brings  out  some  points  which  should  be  considered  in 
selecting  the  form  of  the  members  for  trusses  of  this  type.  It  will  be  noted  that  members 
A-B-C  and  C-D-F  are  bent  out  of  line  due  to  the  deformation  of  the  structure.  If  these  mem- 
bers are  made  continuous,  which  is  the  usual  practice,  heavy  secondary  bending  moments  are 
et  up  at  the  middle  points  of  the  members.  Since  the  fiber  stresses  in  the  members  due  to 
these  moments  are  proportional  to  the  depth  of  the  member,  it  follows  that  the  depth  of  the 
member  in  the  direction  of  the  bending  bhould  be  as  small  as  possible,  in  order  to  avoid  excessive 
fiber  stresses.  In  the  case  of  the  6  X  10-in.  members  adopted  for  the  design  under  considera- 
tion, the  6-in.  face  should  be  placed  in  the  vertical  direction  and  the  10-in.  face  should  be  placed 
horizontal  This  would  probably  not  fit  in  with  the  architectural  features  of  the  design. 
However,  since  considerable  excess  area  is  provided  in  these  members,  the  total  combined 
fiber  stress  with  the  10-in.  face  placed  vertical  will  probably  be  within  the  allowable  limits. 
Everything  considered,  square  sections  are  preferable  for  trusses  of  this  type. 

The  ends  of  trusses  of  the  scissors  type  are  generally  rigidly  fastened  to  the  supporting 
walls  by  means  of  anchor  bolts  or  by  a  base  plate  bedded  in  the  masonry.  After  the  trusses  have 
been  erected,  the  roofing  and  other  applied  loads  are  added  as  the  construction  proceeds.    On  the 
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removal  of  the  erection  false  work  or  other  temporary  coDstniction  supports,  the  full  loadii 
applied  to  the  trusses,  which  tend  to  deform,  causing  the  points  of  support  to  movehoriioi 
as  calculated  above.     Since  the  trusses  are  generally  rigidly  fastened  to  the  walls,  as  stated  abonj 
the  walls  are  forced  outward  due  to  the  resistance  offered  to  the  horizontal  motioD  d  the 
of  the  truss.     Horizontal  forces  are  therefore  set  up  which  cause  bending  moments  in  the 
These  moments,  and  the  resulting  fiber  stresses,  are  a  maximum  at  the  foot  of  the  walk 
the  fiber  stresses  are  excessive,  the  walls  will  be  cracked  at  the  base.     To  avoid  failure  of 
walls  due  to  this  cause,  the  bending  moments  and  fiber  stresses  must  be  estimated  and  a 
thickness  adopted  which  will  offer  the  required  resistance.     If  one  end  of  the  truss  is  allowed  i 
move  freely  as  the  loads  are  applied,  the  walls  will  be  relieved  of  the  greater  part  of  the  befidB|| 
moment  mentioned  above.     However,  this  is  not  the  usual  practice.     In  view  of  this  fv; 
methods  will  be  given  for  the  determination  of  the  horizontal  forces  which  must  be  resisted  W 
the  walls. 

The  methods  of  calculation  for  the  determination  of  the  thrusts  at  the  tops  of  the  walbdar 
to  the  deformation  of  a  scissors  truss  are  similar  to  those  used  in  Art.  170  6  for  the  determinalix 
of  the  reactions  for  a  two-hinged  arch.    Let  Fig.  243  (a)  show  a  scissors  truss,  or  any  other  typ 

of  truss  in  which  the  elastic  deformation  ai  tir 
members  produces  thrusts  on  the  supportiof 
walls.  To  make  the  solution  general  in  otstxat 
vertical  and  inclined  applied  loads  are  ahovi 
in  position.  Consider  the  truss  removed  fran 
the  walls,  and  represent  the  action  of  the  traau 
on  the  walls  by  the  forces  shown  in  Fig.  243  tV. 
The  forces  H  represent  the  thrusts  at  A  nadf 
due  to  the  deflection  of  the  truss.  Evideaih 
these  forces  are  equal  in  amount  and  act  in  opposite  directions,  as  shown  in  Fig.  (6).  TV 
forces  Hiy  Ht,  Ri,  and  Rt  represent  the  action  of  the  applied  vertical  and  inclined  loads,  tat 
are  calculated  by  the  methods  of  Statics  given  in  Sect.  1,  considering  the  truss  as  a  free  body 
removed  from  its  supports. 

The  forces  Hi  and  Ht  include  the  efiect  of  the  wind  on  the  vertical  sidewalls.  Dm 
effect  is  indeterminate,  but  it  is  sufficiently  accurate  to  assume  that  the  moment  due  to  t}» 
horizontal  wind  load  is  equally  divided  between  the  two  walls.  It  will  therefore  be  assuiDed 
that  the  truss,  acting  as  a  strut  between  the  two  walls,  transfers  to  the  top  of  the  right-haad 
wall,  a  load  which  will  produce  the  assumed  moment  at  the  base  of  the  wall.  If  w  =  wind 
load  per  foot  of  wall,  and  h  »  height  of  wall,  the  moment  to  be  carried  by  each  waO  b 
3f  »  K  y^h*.  On  the  assumption  made  above,  the  load  at  the  top  of  each  waU  is  ?  - 
M/h  =  K  wh. 

Assuming  that  the  truss  is  rigidly  fastened  to  the  walls,  it  is  evident  that  the  hoiizonti! 
movement  of  points  A  and  F  of  the  truss  is  equal  to  the  horizontal  movement  of  the  'tops  of  tk 
walls,  points  A  and  F  of  Fig.  (6).  For  the  determination  of  Hy  the  thrust  of  the  trasses  ca 
the  walls,  an  equation  of  elastic  equilibrium  can  be  established  by  equating  the  deflection  d 
the  truss,  as  calculated  by  eq.  1,  to  the  combined  deflection  of  the  walls  for  the  forces  shown  m 
Fig.  (6). 

The  values  of  /S  to  be  used  in  eq.  (1)  for  the  determination  of  the  horizontal  motion  of 
points  A  and  F  of  the  truss  are  the  actual  stresses  in  the  members.  These  stresses  include  the 
effect  of  the  thrust  H  and  the  effect  of  the  applied  loads.  As  stated  in  Art.  170  in  connettni 
with  the  derivation  of  eqs.  (8)  and  10),  these  stresses  can  be  expressed  in  the  form 

S  --S'  -  Hu  I? 

where  S  —  actual  stress  in  any  member;  S'  —  stress  in  any  member  due  to  the  applied  kwb 
for  the  truss  considered  as  removed  from  the  walls  and  considered  as  a  simple  truss ;  H  »  thnet 
on  the  walls;  and  u  =  &  ratio  defined  above  for  eq.  (1).  Substituting  this  value  of  iS  ineq. 
(1),    the  horizontal  movement  of  point  A  of  the  truss  with  respect  to  point  F  is 
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The  deflection  of  the  walls  due  to  the  applied  loading  shown  in  Fig.  (6)  depends  on  the 
fonn  of  the  walls.  If  they  are  of  unifonn  cross  section  for  the  full  height,  they  form  simple 
cantilever  beams  acted  upon  by  the  horisontal  forces  shown  in  Fig.  (6).  The  effect  of  the  verti- 
cal loads  Ri  and  Rt  on  his  horizontal  deflection  is  so  small  that  it  will  be  neglected.  From 
Sect.  1,  the  deflection  of  a  simple  cantilever  beam  due  to  a  load  P  is  given  by  the  expression 
A  =  Pl*/ZEI,  To  reduce  this  value  to  a  general  expression  adaptable  to  all  forms  of  walls, 
the  term  l^/SEI  will  be  called  the  deflection  coefficient  of  the  wall.  In  the  work  to  follow,  this 
coefficient  will  be  denoted  by  A;,  using  subscripts  1  and  2  respectively  to  indicate  the  left  and 
right-hand  walls.  With  this  notation,  the  total  movement  of  points  A  and  F  of  Fig.  243  (b) 
for  the  forces  shown,  is  given  by  the  expression 

A^(H  -  Hi)ki  +  (H  +  Ht)k2 
from  which 

A  =  H(ki  +  ki)  -  Hiki  +  HJct  (4) 

Equating  eqs.  (3)  and  (4)  and  solving  for  H,  we  have 

which  18  a  general  expression  for  the  thrust  on  the  walls  due  to  a  rigidly  attached  truss  of  the 
type  shown  in  Fig.  242. 

To  illustrate  the  applicfttion  of  eq.  (5)  to  a  given  set  of  conditions,  certain  assumptions  will  be  made  regarding 
the  walls  supporting  the  truss  of  Fig.  242  and  the  resulting  thrust  on  these  walls  will  be  calculated.  Suppose  that 
the  truss  under  consideration  is  rigidly  attached  to  a  masonry  wall  18  in.  thick  and  15  ft.  high,  and  assume  that 
because  of  window  openings,  a  section  of  wall  8  ft.  long  is  available  to  resist  the  thrust  of  the  trusses,  which  will  bo 
aaeumed  to  be  16  ft.  apart. 

For  the  applied  dead  and  wind  panel  loads  shown  in  position  on  Fig.  242(a),  it  can  be  shown  that  ^i  ■>  Ht 

—  2,800  lb.  To  this  IocmI  must  be  added  the  effect  of  wind  on  the  side  walls.  As  stated  above,  this  efTect  will  be 
aasumed  to  be  due  to  a  load  vA/4,  where  v  ■■  load  per  foot  of  wall.  For  a  3Q-lb.  wind  load  acting  on  a  15-ft.  wall, 
trusses  16  ft.  apart,  vfh/4  -  H  X  30  X  16  X  15  -  1800  lb.  The  total  horiiontal  load  is  then  Hi  ^  Ht  ^  2800 
+  1800  «  4600  lb.  Since  the  walls  are  alike,  and  are  simple  cantilever  beams  of  height  A,  the  value  of  the  deflec- 
tion constant,  as  defined  above,  is 

where  E  ■■  modulus  of  elasticity  of  the  material  composing  the  wall,  which  will  be  assumed  to  be  3,500,000  lb.  per 
B<].  in.;  and  /  ■■  moment  of  inertia  of  the  wall  section,  which  is  given  by  the  formula  /  "■  Ka  ^*'  For  the  assumed 
conditions,  A  ■>  15  ft.  »  180  in.;  b  ■>  effective  width  of  wall  ■>  8  ft.  «»  96  in.;  and  d  ■>  thickness  of  wall  «  18  in.; 
and 

jt  a. ^      ^ a,  nnnnoiiQ 

*       (3)(3,500,000)(Ma)(96)(18)»       "ww**** 

The  term  Hihi  —  Htkt  of  eq.  (5)  can  readily  be  seen  to  be  equal  to  sero  for  the  assumed  conditions.     Table  2 

on  I 

gives  directly  the  term  ^'Tv^*  'or  ^^  stresses  S*  are  exactly  the  same  as  given  by  Table  1.     The  term  ^'Tg^*  '^ 

readily  calculated  from  the  values  given  in  Table  2.  Col.  8  gives  the  several  values  and  the  required  summa- 
tion. The  value  of  hi  -^  kt  ^  2k  can  be  determined  from  the  calculations  given  above.  Substituting  these  values 
in  eq.  (5),  we  have 

0.2078 

^  "  0.00002023  +  0.00002380  *  *^^®  ^^' 

which  is  the  thrust  of  the  trusses  on  the  walls  for  the  assumed  conditions. 

The  combined  fiber  stress  in  the  walls  due  to  the  bending  moments  induced  by  the  total  horisontal  loads  at  the 
tops  of  the  walls  must  be  investigated.  From  Fig.  243(b),  it  can  be  seen  that  the  maximum  fiber  stress  will  occur 
at  the  inside  lower  edge  of  the  right-hand  waU.  This  fiber  stress  is  to  be  determined  for  bending  due  to  horisontal 
forces  and  compression  due  to  the  weight  of  the  wall  and  the  truss  reactions  at  the  wall.     As  stated  above,  Hs 

—  4600  lb.  Hence  the  total  horisontal  force  is  ff  +  Hi  -  4710  +  46(X)  -  9310  lb.,  and  the  bending  moment  at 
the  foot  of  the  15-ft.  wall  is  9310  X  180  -  167,500  in.-Ib.  Since  the  wall  section  is  rectanguUr,  the  fiber  stress  due 
to  bending  is  /b  «  6Af /b<f*,  where  6  —  effective  width  of  wall  ■>  96  in.,  and  d  i-  thickness  of  wall  •"  18  in.     Hence, 

-        (6)  (167.500)       ,^^,. 
A  ■•     (96)(i8)«     ■■  ^^*  ***•  P®""  **>■  '"• 

This  fiber  stress  is  tensile  on  the  inside  edge  of  the  wall.  The  compression  at  the  same  point  due  to  the  weight  of 
the  wall  and  the  truss  reaction  is  cK]ual  to  the  total  load  divided  by  the  effective  area.  Assuming  that  tM  material 
composing  the  walls  weighs  160  lb.  per  ou.  ft.,  the  weight  of  the  wall  is  8  X  1.5  X  15  X  160  »  28.800  lb.     From 
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<e  the  totiJ  vnrtiMl  lomd  is  28300  -|-  IWB' 


ao.w 


-  23  lb.  v 


"        (18)  IM) 
The  reeultsnt  fiber  stTM.  on  the  fiber  in  qu»Uoni«  then/  -A-/,  -  324  -  23  -  301  Ih.  i»r  eq.ln.. 
the  meterkl  compaunit  the  vail  ii  apebie  of  withitandlof  thii  Utuile  ■(>««.  the  BHumed  wkll  ■■  eat 
not.  the  wall  aection  must  bn  revised.     It  wu  found  Uinta  se-in.  waU  Ig  required  if  no  teuion  ii  itlkHndie* 
muonry.     Ae  wsll>  □[  Ihie  thiclcaee*  en  eipenslve.  it  i*  probable  thai  aome  type  of  buttre_ed  nil  nd 

The  faoriioDUl  thriut  on  the  walls  u  ofleD  determined  on  the  aaaumptioa  that  the  walls  are  nbKlntHy  n 
Eq.  (G)  nan  be  made  to  cover  this  eonditloD  by  noting  that.  In  feoeral.  1:  -  kV3  Bt.     For  >n  alwilutdy  ried 
it  is  evident  that  /,  the  moment  of  inertia  ia  infinite.     Henee  all  values  of  k  are  equal  (o  aero,  and  bq.  (A)  hen 
V  S't 


Note  the  effe 

CB]<:i>]»ted  lor 

a  rigid  wall,  and  the  value  ca 

enlated  above  for  u>  elaatlo  wall. 

After  the 

bera,  which  musl  include  the  effect  of  the  i«te- 
of  the  walla,  can  be  determined  from  eq.  (>1.    Ct 

eol.  10  fives  the  final  itrrwea.     The  raloe  of  fl  ■)»* 
include  [he  effect  of  wind  on  the  aide  walk.    Ov 
for  the  IS-in,  wall.  R  -  4710  +  1800  -  UlOft 

177.  Anal  jbIb  of  Stresses  in  a  HaKsa- 
beam  Truaa.— A  typical  framewoit  lat 
httrnmer-beam  truaa  ia  ahown  in  Fig.  24i  ii 
The  cuirved  membeTs  near  the  ceDtercfik 
truaa,  and  all  other  memben  which  an  w) 
for  ornamental  purpobes,  have  been  n- 
moved.  Figs.  234  and  236  of  Art  175  On 
complete  truBBea  of  thia  type. 

Aa  ahown  by  Fig.  244  (a),  m.  tvpd 
hammer-beam  truaa  can  be  conaadMoi  d 
be  composed  of  three  parte.  These  para 
consist  of  B.  tniBB,  shown  by  DFK,  and  tn 
parts,  ahown  by  ABDH  and  the  coiT»po# 
ing  part  on  the  right,  which  contain  tlr 
hammer-beam  BH.  The  entire  framevot 
is  supported  at  A  and  L  by  masanry  wih 
which  are  continued  upward  to  the  lerdif 
uj  point  B. 

Strictly  epeaking,  a  truss  of  the  fus 
ahown  in  Fig.  244  (a)  ia  statically  indetcni- 
nate,  for  the  top  chord  member  BDF'apt- 
erally  made  continuous  from  end  to  ad. 
Also,  the  portions  of  the  truss  containing  the  hammer-beams  are  generally  rigidly  fastened  U 
the  masonry  walls.  However,  by  aaauming  that  the  hammer-beam  portion  of  the  tru»s 
supported  at  the  masonry  wall,  point  A  of  Fig.  (a),  by  a  hinge-like  detail,  and  also  tbaltk 
connection  between  the  truaa  DFK  and  the  hammer-beam  is  a  binge,  the  stresses  beow 
statically  determinate.  These  aaaumptiona  are  reasonable,  for  at  joint  D  only  the  reaialu* 
moment  offered  by  the  chord  section  is  opposed  to  any  distortion  of  the  structure-  Tlw 
resistance  ia  not  great,  and  can  be  neglected  without  aenaible  error.  A  rigid  connertio 
between  the  wall  and  the  hammer-beam  portion  of  the  truss  ia  hard  to  make,  and  it  it 
therefore  likely  that  the  aeeumed  conditions  cloaely  approximate  the  actual  conditkuu. 
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Under  Bjrmmetrical  vertical  loads,  the  truss  shown  by  the  full  lines  of  Fig.  244  (a)  is  a 
stable  structure.  To  hold  the  several  parts  of  the  framework  in  equilibrium,  the  reactions  at 
A  and  L  must  be  inclined  to  the  vertical.  When  the  structure  is  subjected  to  inclined  loads, 
such  as  wind  loading,  the  full  line  framework  of  Fig.  244  (a)  is  not  in  stable  equilibrium.  Ad- 
ditional members  must  be  provided  which  will  offer  the  resistance  necessary  to  prevent  collapse 
of  the  structure.  This  resistance  to  distortion  is  provided  by  the  curved  members  joining  points 
HG  and  GM,  The  end  connections  of  these  members  can  be  so  arranged  that  they  will  take 
compression  only.  In  this  respect  these  members  form  counters,  which  act  only  under  unsym- 
metrical  loading.  It  is  to  be  noted  that  the  reactions  at  the  pointb  of  support  are  inclined  to  the 
vertical  for  all  conditions  of  loading.  These  reactions  must  be  determined  and  the  wall  sec- 
tion proportioned  accordingly.  This  point  is  important,  for  the  truss  action  assumed  above 
is  based  on  the  fact  that  rigid  supports  are  available. 

The  stresses  in  all  members  of  the  truss  of  Fig.  244  (a)  will  be  determined  for  vertical  panel 
loads  of  unity  placed  as  shown  on  the  truss  diagram.  Since  the  truss  is  assumed  to  be  supported 
by  hinges  at  A  and  L,  and  since  hinges  are  assumed  at  D  and  iC,  the  reactions  at  A  and  L  can  be 
determined  from  the  condition  that  the  equilibrium  polygon  drawn  for  the  applied  loads  must 
pass  through  the  points  A,  D^K,  and  L.  This  construction  can  be  carried  out  by  the  methods 
outlined  in  Art.  170. 


Fig.  244  (b)  ia  a  force  diagram  eonstruoted  for  one-half  of  the  etnioture.     By  the  methods  referred  to  above,  it 

was  found  that  /  of  Fig.  (b)  is  the  pole  for  the  equilibrium  polygon  passing  through  points  A,  D^  K^  and L  of  Fig.  (a). 

Hence  l-a  of  Fig.  (6)  represents  to  scale,  the  amount  and  direction  of  the  reaction  at  A  of  Fig.  (a).    The  diagram  of 

stresses  in  the  members  is  readily  constructed  by  the  methods  of  Sect.  1.     Fig.  244  (6)  shows  the  completed  diagram. 

All  stresses  are  indicated  on  the  members,  and  are  denoted  by  D.  L.  (dead  load). 

The  stresses  in  all  members  of  the  truss  were  also  determined  for  unit  wind  loads  acting  normal  to  the  left  hand 
side  of  the  roof  surface,  as  shown  on  Fig.  244  (a).  As  stated  above,  to  maintain  a  stable  structure,  a  curved  member 
OM  must  be  provided.  Although  the  member  provided  is  curved,  the  stress  in  this  member  can  be  determined  as  for 
a  straight  member  connecting  G  and  M.  This  straight  member  is  shown  by  dotted  lines  in  Fig.  (a).  Having 
given  the  stress  in  this  straight  member,  the  resulting  fiber  stresses  in  the  curved  member  can  be  determined  by  the 
methods  given  in  the  chapter  on  Bending  and  Direct  Stress — Wood  and  Steel,  in  Sect.  1. 

Since  the  presence  of  the  member  QM  eliminates  the  hinge  at  X,  the  framework  can  be  considered  as  divided 
into  two  parts  by  the  hinge  at  D.  The  reactions  at  A  and  L  for  the  assumed  structure  can  be  determined  by  cons- 
tructing the  equilibrium  polygon  which  passes  through  points  A,  D  and  L.  By  the  methods  referred  to  above,  it 
will  be  found  that  point  I  of  the  force  polygon  of  Fig.  (c),  constructed  for  the  applied  loads,  is  the  true  polo  for 
the  required  equilibrium  polygon,  and  that  l-x  and  l-e  give  the  amount  and  directions  of  the  reactions  respectively 
at  A  and  L  of  Fig.  244  (a).  Fig.  244  (c)  gives  the  complete  stress  diagram  as  constructed  for  the  applied  loads. 
All  stresses  are  indicated  on  the  members  in  Fig.  244  (a),  and  are  denoted  by  W.  L.  (wind  load). 

178.  Analysis  of  Combined  Trusses. — Roof  trusses  arc  often  framed  by  combining  two 
different  types  of  trusses.  In  Fig.  245,  a  simple  truss,  ABC,  is  supported  at  the  ends  by  a 
bracket,  ADE,  which,  together  with  the 
walls,  forms  a  cantilever  truss  ADF.  The 
combined  structure  thus  formed  can  be 
analyzed  by  separating  it  into  its  parts. 
Thus  the  truss  ABC  can  be  analyzed  and 
the  reactions  and  stresses  determined.  The 
reaction  of  truss  ABC  can  then  be  applied 
as  a  load  on  the  bracket  ADE  of  Fig.  (&), 
and  the  stresses  in  the  members  of  the 
bracket  and  the  bending  moments  at  the 
foot  of  the  wall  can  readily  be  determined  by  the  methods  used  in  the  preceding  chapters. 

Combination  trusses  formed  from  a  simple  truss  and  an  arched  truss  of  the  ribbed  type  are 
often  encountered.  Figs.  237  and  238  of  Art.  175  show  examples  of  this  type.  In  many 
cases  the  arch  members  are  used  only  for  decorative  purposes,  and  are  not  intended  to  carry 
loads  except  possibly  their  own  weight.  In  other  cases  it  is  assumed  that  both  systems  assist 
in  carrying  the  apph'ed  loads.  Under  such  conditions,  the  exact  distribution  of  the  applied 
loads  to  the  two  sjrstems  offers  a  very  complicated  problem.  While  this  problem  can  be  solved 
by  methods  developed  in  works  on  stresses  in  statically  indeterminate  structures,  in  general  it 
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can  be  said  that  this  procedure  is  not  necessary.  An  experienced  designer  can  genenlly  ori 
mate  the  probable  distribution  of  loads  between  the  two  S3r8tems.  By  sep&ratini^  the  eyeiesL 
and  treating  them  as  independent  structureSi  an  anal3r&iB  of  stresses  can  be  made  whick  Mi 
answer  all  practical  purposes. 


offH'shvp 


Fia.  246 
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179.  Typical  Joint  Details  for  Ornamental  Roof  Trasses. — In  general,  the  joint  detab 
for  ornamental  roof  trasses  are  similar  to  those  used  in  the  chapter  on  a  Detailed  Deeigaaft 
Wooden  Roof  Truss.  The  framing  of  members  in  ornamental  roof  trusses  often  calls  for  jar 
details  in  which  the  members  mcot  at  acute  angles,  and  where  several  members  meet  in  a  eos- 
mon  point.     A  few  of  these  special  cases  will  be  considered  and  typical  joint  details  vil  V 

^ihown,  without  going  into  the  details  of  x± 
design  methods. 

Fig.  246  (a)  and  (6)  show  details  for  tk 
end  joint  of  a  scissors  truss.  The  angle  \^ 
tween  the  chord  members  is  generally  so  ie& 
that  the  details  shown  in  the  chapter  on  tb 
Design  of  a  Wooden  Roof  Truss  can  not  It 
used.  Fig.  (a)  shows  a  strap  connecton,  12: 
Fig.  (6)  shows  a  bolt  and  cast-block  connect»iL 
Another  joint  of  a  form  not  encounter^ 
in  the  simple  roof  truss  designed  in  a  preceding  chapter  is  the  one  at  joint  E  of  the  tn»« 
Fig.  242  (a).  Where  single  pieces  are  used  for  the  lower  chord  members,  this  detail  is  ma* 
by  halving  the  members  at  the  joint,  as  shown  in  Fig.  247.  Ornamental  iron  straps  are  ote 
added  to  hold  the  members  in  place.     Fig.  248  shows  joint  details  in  common  use. 


ft)    J^  ^P^fP. 
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ROOFS  AND  ROOF  COVERINGS 

By  John  S.  Branne 

A  good  roof  is  just  as  essential  as  a  safe  foundation.  A  perfect  foiuidation  seciires  tbr 
building  against  destruction  starting  at  the  bottom;  a  good  roof  affords  protection  fortir 
building  itself  and  what  the  building  contains,  and  prevents  deterioration  starting  from  tk 
top.  A  faulty  roof  may  be  very  difficult  to  remedy,  involving  generally  a  removal  or  the  co« 
of  a  new  roof,  with  probable  changes  in  truss  and  purlin  construction  and  inconvenienee  ti 
tenants,  merchandise,  or  machinery. 

180.  Selecting  the  Roof  and  Roof  Covering. — In  selecting  the  roof  and  roof  covering  tk 
general  requirement  is  to  provide  the  best,  in  the  sense  of  moHi  suitable^  roof  at  the  lead  ait- 
To  arrive  at  a  solution  for  the  most  suitable  roof,  the  agencies  must  be  considered  which  att»d 
the  roof  from  both  the  outside  and  inside.  These  agencies  depend  upon  the  climatic  conditksA 
the  uses  to  which  the  structure  is  put,  the  fire  risk  and  the  special  imposed  loads  other  than  soffv 
and  wind.     Local  building  laws  and  regulations  must  also  be  consulted  in  this  connection. 

In  considering  least  cost  it  is  necessary  to  take  into  account  (1)  the  comparative  priecidf 
suitable  materials  at  the  building  site ;  (2)  the  temporary  or  permanent  character  of  the  stiw*  | 
ture ;  (3)  the  advantage  of  buying  materials  in  larger  quantity  (which  may  determine,  for  ei* 
ample,  a  concrete  roof  slab  when  there  is  much  concrete  work  in  the  structure  under  tk 
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roof) ;  (4)  the  probable  weather  conditions  during  the  roof  construction;  and  (5)  the  ease  of  plac- 
ing the  roof  materials. 

161.  Conditions  to  be  Considered  in  Roof  Design. 

181a.  Climatic  Conditions. — The  climatic  agencies  which  tend  to  affect  the  in- 
tegrity of  a  roof  are  the  following:  rain,  snow,  ice,  high  winds,  salt  air  (along  the  sea  coast), 
heat,  and  cold. 

Rain. — To  provide  for  rain,  the  roof  must  be  tight  and  have  proper  drainage.  By  proper  drainage  is  meant 
a  fair  slope  for  the  roof  surface,  so  that  water  will  not  remain  in  puddles,  and  also  a  proper  distribution  of  good  siied 
gutters  and  leaders  to  carry  the  rain  water  to  the  ground.  In  determining  the  sise  and  distribution  of  the  gutters 
and  leaders  exceptionally  heavy  rains  must  be  taken  into  account  since,  in  case  the  downtakes  are  too  far  apart, 
such  rains  will  produce  a  good  sised  current  of  water  tending  to  abrade  the  gutter  surface  as  well  as  causing  damage 
by  overflow.  The  accumulation  of  leaves,  twigs,  and  rubbish  of  varioiis  kinds  necessitates  strainers  at  all  downtakes 
and  a  periodical  inapeetion  of  the  roof. 

Snow, — Snow  sometimes  causes  ezoeptionally  heavy  loads  on  roofs  having  a  slight  slope,  or  on  roofs  with  high 
parapet  walls  as  is  sometimes  found  around  tower  roofs  for  ornate  purposes.  Drifting  snow  may  bank  up  by 
blowing  down  from  high-level  roofs  on  to  roofs  at  lower  levels,  filling  up  "  pockets"  where  it  will  remain  until  it  melts 
away.  On  roofs  cons'sting  of  a  series  of  secondary  roofs  as,  for  example,  on  saw-tooth  roofs  or  common  monitor 
roofs,  the  snow  often  is  found  banked  up  deep  in  the  valley  gutters.  Dry  snow,  driven  by  a  high  wind,  will  drift 
through  small  crevices,  which  will  prevent  the  use  of  certain  roofs  over  dynamos  and  electrical  work  generally. 
Snow  prevents  the  use  of  skylights  with  small  inclination  for  shops  that  are  not  heated,  as  in  such  cases  the  snow 
may  remain  for  weeks  and  prevent  daylight  from  coming  through. 

/ce.— loe  is  likely  to  cause  trouble  on  account  of  its  expansive  action  and  its  tendency  to  accumulate  when  once 
started.  On  account  of  this  it  is  necessary  (1)  to  have  perfect  roof  drainage,  meaning  a  proper  slope  of  surface  and 
gutters,  and  capacious  downtakes;  (2)  to  make  a  periodic  inspection  of  the  roof  to  remove  rubbish  accumulations 
around  strainers;  (3)  when  outside  downtakes  (leaders)  are  used,  to  select  the  corrugated  or  expansion  tjrpe,  in 
which  the  material  has  a  fair  chance  to  avoid  disruption  due  to  ice  action;  (4)  to  make  wide  and  shallow  gutters 
instead  of  deep  and  narrow  ones;  and  (5)  to  use  wide  flashings  from  eaves  and  valley  gutters  under  the  roofing 
material.  In  gutters  where  ice  is  apt  to  form  in  spite  of  precautions  taken  in  planning  the  building,  a  steam  pipe 
running  under  the  full  length  of  the  gutter  will  be  found  to  do  good  service. 

Wind. — Wind  pressure  on  the  roof  adds  an  appreciable  amount  of  load  on  a  steep  surface.  The  influence  of 
high  wind  on  the  roof  and  roof  covering  becomes  most  evident  (1)  in  its  driving  action  on  snow  and  rain,  as  referred 
to  above;  (2)  in  its  tendency  to  raise  up  light  roofing  units,  as  slate  shingles  and  light  flat  tile;  and  (3)  in  its  ten- 
dency to  raise  up  and  dislodge  thin  roofing  materials,  like  sheet  metal,  corrugated  steel,  and  prepared  felt  roofings — 
particularly  along  overhangs  and  eaves,  where  the  fastenings  are  most  exposed  and  the  wind  pressure  most  active. 

8aU  iltr.-HSalt  air  along  the  sea  coast  has  a  greater  coirroding  influence  on  roofing  metals  than  moisture  alone. 
In  such  locations  metallic  roofs  require  more  frequent  repairs  and  painting.  Generally,  acid-laden  air  tends  to 
destroy  metals  quite  rapidly,  and  this  action  becomes  much  greater  when  two  metals  touch,  as  sine  and  copper, 
producing  a  galvanic  action. 

Heal  and  Cold. — Heat  and  cold  act  on  roofs  in  various  wajrs.  Variation  in  temperature  causes  expansion 
and  contraction,  which  in  some  roofing  materials  must  be  taken  special  care  of  by  expansion  joints.  Great  heat 
will  dry  out  some  felt  and  tar  coverings  so  that  they  will  crack  and  give  opportunity  for  frost  to  destroy  the  covering. 
Attention  should  be  given  to  the  composition  of  such  coverings,  avoiding  volatile  tar  compounds  which  flow  at  a 
comparatively  low  temperature.  Where  a  metal  roofing  is  protected  by  paint,  a  dean  surface  and  a  heat 
resisting  paint  is  essential.    The  action  of  cold  is  felt  through  the  agency  of  ice  formation  described  above. 

1816.  Uses  to  Which  the  Structure  is  Put. — In  dwellings,  from  the  small  house 
to  the  large  public  building  or  hotel,  the  roof  is  generally  in  keeping  with  the  balance  of  the 
building  as  regards  fireproof  or  non-fireproof  construction — ^the  particular  type  (whether  plank, 
concrete,  tile,  or  gypsum-composition)  depending  upon  climatic  conditions,  fire  risk  and 
exterior  loads.  In  manufacturing  plants,  however,  in  addition  to  the  above-mentioned  con- 
ditions must  be  considered  the  kind  of  roof  most  suitable  for  the  particular  activity  to  be  carried 
on  in  the  building.  In  steel  and  iron  works  and  in  any  plant  where  the  fire  risk  is  great,  a  fire- 
proof roof  is  essential.  In  manufacturing  establishments  using  strong  acids  or  alkalies,  metallic 
roofs  or  roofings  will  corrode  rapidly.  It  is  not  good  practice  to  use  a  plank  roof  on  steel  pur- 
lins and  trusses  unless  the  risk  of  the  plank  catching  fire  is  negligible.  Many  cases  are  on  record 
of  total  destruction  of  steel  frame  buildings,  trusses  and  columns,  by  burning  of  the  wooden 
roof  plank. 

Another  condition  to  look  out  for  is  condensation  on  the  under  side  of  roof,  due  to  rapid  cooling  and  lack  of 
porosity  of  roof  materials.  To  overcome  this  in  the  case  of  a  corrugated  steel  roof,  an  asbestos  lining  is  placed  under 
the  roof.  Asbestos  protected  metal  roofing  has  been  used  in  similar  cases,  also  asbestos  corrugated  roofing.  The 
l^ypsum,  insulated  concrete  roof  and  the  plank  roof — the  latter  sometimes  coated  on  the  underside  with  a  fireproof 
compound — are  good  nonconductors. 
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161c.  Fire  Risk. — ^Fire  risk  is,  necessarily,  a  consideration  of  vital  impoita» 
Mention  has  already  been  made  of  the  advisability  of  using  fireproof  roofs  unleas  the  ht  tk. 
from  the  inside  is  negligible.  The  surface,  however,  should  always  be  fireproof  to  avoid  a  & 
starting  from  sparks  or  burning  embers  carried  by  a  high  wind.  Parapet  walls  afifoid  more  f» 
tection  for  combustible  roof  beams  and  plank  than  a  sheet  metal  cornice.  Fire  ivraUfl  projctlQ 
well  above  the  roof  prevent  a  fire  from  running  along  a  roof.  All  roof  houses  and  bulk  bat 
should  be  fireproof  throughout.  Skylights  should  be  screened  and  also  have  wire  Klafls.  Staai 
pipes  should  be  conveniently  located  and  long  skylights  or  monitors  broken  up  for  CBsy  um 
to  any  part  of  the  roof. 

ISld.  Special  Imposed  Loads. — Special  imposed  loads  may  be  crowds  of  peop* 
as,  for  example,  when  the  roof  is  used  (1)  for  a  school  or  other  playground;  (2)  for  entcftix- 
ment,  as  hotels,  theatres,  and  restaurants;  or  (3)  for  manufacturing  processes  in  certain  iBd» 
tries.     Such  roofs  must  have  a  wearing  surface  in  addition  to  standard  roofing  requiremenli. 

181e.  Least  Cost. — In  reviewing  least  cost  the  following  points  should  be  on- 
sidered : 

1.  Least  eo«t  must  not  under  any  cireunuitancee  mean  inferior  materials  or  workmanship. 

2.  Best  value  often  reeeived  by  not  uains  i>atented  devices  whicli  may  bring  a  royalty  into  the 

3.  Time  required  in  placing  the  roof . 

4.  Well  known  materials  and  standardised  oonstruotion  methods. 

5.  Cost  of  upkeep  including  insurance. 

182.  Precautions  In  the  Design  and  Erection  of  Roofs. — Hoofs  that  have  to  be  constrartBC 

in  the  winter  months  must  be  protected  from  the  destroying  influence  of  frost  ^vhich  maTpr- 
meate  the  roof  slab  and  render  it  weak. 

Concrete  slabs,  especially  cinder  concrete  slabs,  must  be  protected  from  frost  duriiif  m 
and  followed  up  quickly  by  the  roofer. 

Gypsum-composition  slabs  are  quite  porous  and  must  be  covered  at  the  eariiest  pooftc 
moment  with  the  roofing  to  prevent  snow,  rain,  and  frost  from  breaking  up  the  slab  andcanar 
sags.  Gjrpsum-composition  roofs  depend  for  their  integrity  more  on  the  suspension  thaa  t» 
bond  principle,  and  may  be  considered  to  rest  on  the  imbedded  steel  wire  cables.  The  caUt 
are  stretched  for  considerable  distances  ahead  of  the  slab,  and  ice  or  snow  may  lodge  on  tkc 
preventing  wholly  or  in  part  the  bonding  action.  Before  pouring  the  slabs,  the  snow  and  k* 
should  be  removed  from  the  cables,  and  the  roofer  should  follow  immediately  with  hispiDte' 
tion.  End  bays  should  be  braced  securely  with  angle  struts  and  diagonals  to  prevent  siden}) 
movement  of  purlins  with  resulting  sag  of  slabs. 

On  all  but  the  so-called  "flat  roofs"  (pitch  1  in.  per  foot)  the  roof  material  will  cause  the  Bupporting poAatt 
bend  sideways  toward  the  eaves  unless  prevented  by  sag  ties  anchored  securely  to  a  braced  top  panel  or  bcav^  bk» 
ber  at  the  peak. 

Where  a  choice  has  to  be  made  between  several  suitable  roofing  materials,  the  fact  that  the  roof  hM  to  b 

placed  during  cold  or  inclement  weather  will  probably  raar  i^ 
choice  of  a  roof  easily  and  quickly  placed,  and  tttteritigkat 
opportunity  to  be  injured  by  snow  and  ice. 

188.  Roof  Decks. 

188a.   Concrete. — A    reinforced  «•■ 

iligfgSS\^      Crete   slab    deck   is    (see   Fig.    249)  probably  mcff 

durable  and  fire  resisting  than   any  other  Xx^  ^ 

roof  construction.      The  economy  of  a  concrete  eb^ 

depends  upon  the  amount  of  concrete  used  on  tiir 

rw     o^A     ^        *     1  u  i*'^-     ^^  *^®  floors  are  of  concrete,  or  if  concrete  ii 

Fig.  249. — Concrete  slab.  j        -        •      i  xi_      •  i     ^t  .  .... 

used  extensively  on  the  job,  the  contractor  will  hiTP 
labor  saving  machinery  at  hand  and  be  in  a  position  to  construct  the  roof  at  a  low  nit 
Concrete  roofs  are  used  extensively  on  fireproof  buildings,  such  as  theatres,  hotels,  office  w! 
loft  buildings,  factories,  etc.  Cinder  concrete  being  lighter  in  weight  than  stone  concrete  k 
generally  used.  Piping,  shafting,  lighting  and  other  fixtures  may  be  fastened  directly  to  the 
under  side  of  the  slab  by  means  of  rods,  dowels  or  expansion  bolts.  A  concrete  roof  ahoulii 
not  be  used  where  condensation  will  take  place  unless  properly  insulated. 


Sec.  a-1836]  STRUCTURAL  DATA  591 

Cinder  oonoreie  weighs  108  lb.  per  ou.  ft.    Only  clean  steam  boiler  cinden  should  be  used.    Stone  concrete 
weighs  144  lb.  per  cu.  ft.    Reinforcement  may  be  steel  rods*  wire  mesh,  or  expanded  metal. 

1886.  Hollow  Tile.— Terra  cotta  hollow  tile  (see  Figs.  250,  251,  and  252),  both 
porous  and  semi-porous,  are  used  for  roof  decks  in  fireproof  construction.  Either  flat  or  seg- 
mental arches  are  used  in  main  roofs.  For  flat  roofs  of  pent  houses  and  bulk  heads,  and  for 
steep  slopes  as  in  manisard  roofs,  book  tile  are  used,  supported  on  tees.  Hollow  tile  gives  a 
comparatively  light  roof  and  may  be  used  where  concrete  is  found  suitable.  Where  the  roofing 
material  is  to  be  applied  directly  to  the  tile,  porous  tile  should  be  used,  as  it  will  receive  the 
nails.     The  porous  tile  will  prevent  condensation  in  ordinary  cases. 

Book  tile  is  laid  between  tees,  spaced  1  in.  farther  apart  than  the  length  of  tile.     Book  tile  for  roofs  comes  in 
various  lengths  from  16  to  24  in.,  12  in.  wide  and  3  to  4  in.  thick.     The  24-in.  tile  is  generally  used.     Book  tile 
weighs  20  lb.  per  sq.  ft.  for  3-in.  thickness  and  24  lb.  per  sq.  ft.  for  4-in.  thickness.     Roof  tile  weighs  26  lb.  per  sq. 
ft.  for  6-in.  tile;  29  lb.  for  7*in.,  32  lb.  for  8-in.,  36  lb.  for  9^.,  38  lb.  for  10-in.,  44  lb.  for  12-in.,  60  lb.  for  14-in 
54  lb.  for  16-in.,  and  65  lb.  for  16-in. 

rffbofhf  tna/mittt  /^^g^/y^'^y  ^^ 


Tirm-coHa  hokoif  /Mr         "*•  -kna-ooih  hoOm  Hk-^ 

Fig.  260. — Segmental  arch.  Fio.  251. — Flat  arch  end  construction. 

188c.  Reinforced  Gypsum. — The  use  of  gypsum  for  roof  slabs  (see  Fig.  253)  is  a 
comparatively  modem  development.  The  first  type  used  was  tile,  3  in.  thick,  2}^  ft.  long. 
Later  on,  tile  up  to  6  ft.  were  used,  followed  by  gypsum  T-beams,  spanning  from  truss  to  truss, 
generally  of  10-ft.  maximum  length.  The  method  used  at  the  present  time  is  to  build  a  center- 
ing that  produces  a  4-in.  slab  and  a  T-beam  of  a  total  depth  of  6  in.  These  T-beams  are  spaced 
6  in.  on  centers.  In  calculating  strength,  no  part  of  the  web  is  considered  as  taking  compression, 
meaning  by  web  the  part  of  the  steam  below  the  slab  itself.  Reinforcement  is  placed  at  the 
bottom  of  the  T-beam;  and  wire  mesh,  needed  principally  for  expansion  or  contraction,  is 
placed  at  the  bottom  of  slab.^ 

Ordinary  concrete  formulas  are  used  with  the  following  working  stresses:  Compression  in  extreme  fiber,  360 
lb.  per  sq.  in.;  shear,  20  lb.  per  sq.  in.;  bond  stress,  30  lb.  per  sq.  in.;  bearing,  300  lb.  per  sq.  in.;  tension  in  steel, 
16,000  lb.  per  sq.in.     Ratio  between  moduli  of  steel  and  gypsum,  30. 

The  gypsum  sets  quickly  and  allows  the  speedy  removal  of  forms.  As  there  is  some  heat  developed  when  the 
gypsum  hardens,  this  property  is  useful  in  cold  weather.  The  form  work  is  executed  to  a  greater  finish  than  for 
those  used  for  concrete. 


Bbok  Tll«  **' 

Fig.  252.  Fio.  253. — Reinforced  gypsum  slab. 

188(/.  Gypsum  Composition. — Gypsum  has  a  low  conductivity  for  heat  and  is  a 
good  material  to  use  where  much  moisture  is  present  in  the  air,  as  in  power  houses,  textile 
mills,  and  similar  manufacturing  plants.  The  suspended  system  consists  of  two  No.  12  galvanized 
cold  drawn  steel  wires  twisted  together,  spaced  from  1  to  3  in.  apart  and  securely  anchored  at 
the  end  purlins  by  means  of  hooks  (see  Fig.  254).  This  system  with  a  3-in.  slab  will  span  10  ft. 
for  a  light  roof  load.  A  4-in.  thickness  is  preferable  for  heavier  loads.  The  supporting  medium 
in  this  type  is  the  series  of  wire  cables,  the  slab  acting  as  a  covering.  An  equalizing  bar  is 
placed  at  the  middle  of  the  span  to  assure  an  equal  deflection  of  the  cables.  The  slab  is  porous, 
as  there  is  present  with  the  gypsum  other  substances  as  cocoanut  fiber,  shavings,  or  even  as- 

>  Bnq,  iSsc,  Deo.  16,  1016,  by  Virgil  G.  Marani.  Cons.  Engr.,  Cleveland,  O.     • 
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bestos  chips.  In  selecting  this  roof  slab,  inquiry  should  be  mttde  as  to  whether  the  adnuiiM 
are  apt  to  cause  discoloration  or  flaking  on  the  underside  of  the  slab.  The  slab  riianUi 
promptly  protected  from  snow  and  ice  which  quickly  injure  a  porous  slab.  Tlie  lighuwa  ' 
the  material,  about  4  lb.  per  in.  of  thickness,  causes  economy  in  the  supporting  truna  ta 
purlins. 

183e.  Wood. — -Wooden  roofs  are  used  in  mill  construction  and  on  frame  k«ii. 
ings,  and  also  on  eteclstructures  where  the  fire  hazard  is  negligible  (see  Figs.  255,  256,  sods' 
In  frame  construction,  the  raften  arc  generally  spaced  16  in.  on  centciv,  covered  with  Jk 


Fia.  2M. — Suspended  grpaum  compoeitioa  glab.  Tia.  25S, — Mill  coutructioii. 


Pio.  357,— Double  ehuthinc. 


Fia.  258.— "Freacli"  or  disfonftl  melbod  of  layint         Fia.  259.- "  Amerirui "  or  etmiBht  metliad  of  lni« 
ubeatCH  ghuiala.  ubutOB  ahinatcB. 

matched  sheathing.  Where  shinglefl,  tile,  or  slate  is  to  be  used,  roofing  slate  may  be  mi 
omitting  the  plank —thus  allowing  a  spacs  of  2  to  3  in  between  theslats.  In  mill  Constiucw 
heavy  root  timbers  are  used  with  purlins  spaced  5  to  fi  ft.  apart  with  a  3-in.  plank  ahestlu* 
With  steel  construction,  nailing  pieces  must  be  bolted  to  the  purlins.  Either  a  single  thifkiw 
of  plank  heavy  enough  to  sustain  the  loading  may  be  used,  or  two  thicknesses  of  plank.  * 
second  layer  applied  diagonally.  If  wooden  puriins  are  used,  clips  are  provided  on  the  tnws 
for  attaching  the  purlins. 
184.  Roof  Coverings. 

IMa.  Shingles. — Shingles  are  made  of  asbeatoa,  wood,  or  metal.  Aiitm 
ShtjtgUs. — Several  makes  of  asbestos  shingles  are  on  the  market.  They  are  made  of  sbw 
15%  asbestos  fiber  and  85%  Portland  or  hydraulic  cement,  formed  under  a  praut 
of  700  tons  per  sq.  ft.  Asbcstosshinglesare  very  durable  and  suffer  very  little  from  the  eUnun 
conditions.     They  arc  also  fireproof,  affording  protection  against  spariu.     These  shingleBi* 
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be  cut  with  a  saw.  They  should  b«  applied  on  matched  Bbeathing  covered  with  slaters'  felt  or 
waterproof  paper  {»ee  Figs,  268  and  25B),  Galvaniied  iron  or  copper  oaila  should  be  used  for 
faBtening.     Weight  of  asbestos  shingles,  2H  to  4^  lb. per  sq.  ft. 

Wooden  SMngk*. — Woodea  shingles  are  made  of  cypress,  cedar,  redirood,  white  and  yellow 
pine,  and  spruce — the  lasting  quaUtiee  in  the  order  given.  White  cypress  shingles  are  the 
most  durable.  Redwood  shingles  are  the  least  inflammable,  and  aie  used  extensively  along  the 
Pacific  Coast.  A  shingle  roof  should  have  a  slope  of  6  in.  to  the  foot,  except  for  less  important 
roofc  where  iH  in.  to  the  foot  may  be  used.  Shinglea  may  be  nailed  to  slats,  or  a  plank  sheath- 
ing may  be  used  covered  with  waterproof  p^>er  or  felt  (see  Figs.  260  and  261).  Standard  size 
of  wooden  shingles:  20  in.  long,  2H  to  16  in.  wide,  Ht  in.  thick  at  butt  end.  1000  shingles  4  in. 
wide  will  lay  111  sq.  ft.  of  roof  surface  with  4r.io.  gage  (exposure  to  weather),  125  sq.  ft  with 


Fia.  360. — Slat  method  of  teying  vooden  ahinilgB.       Pia.  201. — ShMthini  metbod  of  laying  wooden  shinglet. 

4>4-in.  gage,  and  139  sq.  ft.  with  6-in.  gage.  It  will  take  900  shingles  to  cover  1000  sq.  ft. 
with  a  4-in.  gage,  800  with  a  4  J^-in.  gage,  and  720  with  a  5-in.  gage.  Five  pounds  of  three- 
penny nails  or  73^  lb.  of  four-penny  nails  should  be  provided  for  1000  shingles.  A  man  will  lay 
from  1000  to  1500,  4-in.  Bhingles  per  day  according  to  the  class  of  work.  For  hip  and  valley 
roofs  5%  should  be  added  for  cutting,  and  irregular  roofs  with  dormers,  10%shouldbe  added. 

WbtB  theipsDe  under  thBihinsUi  ii  to  be  occupied,  the  ■hsnUiioi  method  i*  the  one  to  be  preferred  on  ■cmunt 
oT  prolectioD  from  best  and  mid.  The  open  sUt  mrthod  civn  lonsar  life  on  account  of  mora  venttlalion.  The 
Ufa  of  Bhinslei  may  be  prolonged  by  dipping  them  in  llzueed  oil  or  creoeote- 

MeUd  SkingUs. — Metal  shingles  are  made  of  tin,  galvanized  steel,  galvanised  iron,  cine, 
or  copper.  They  are  generally  made  interiocking  and  have  stiffener  ribs,  and  are  made  in 
many  shapes  and  siies.  At  present  they  are  not  much  used,  having  no  great  advantage  over 
wooden  shingles. 

184b.  Slste.~8late  comes  in  sizes  from  7  X  9  in.  to  24  X  44  in.,  and  from  H 
to  Ji  in.  thick.     The  common  roofing  sizes  used  are  12  X  16  in.,  12  X  18  in.,  12  X  20  in.,  and 

14X24in.     Common  thickneeseaare  Msin-Mid  Hin.     The  Jig- in. 

thickness  weighs  %%  lb.  laid,  and  the  H  in.  weighs  S  lb.     Slate  \ 

should  be  laid  with  a  lap  of  3  in.  over  the  second  course  below  (see 

Fig.  262).     The  top  course  along  the  ridge,  2  to  4  ft.  from  gutters 

and  I  ft.  from  the  hips  and  valleys,  should  be  laid  in  elastic  cement. 

A  man  can  lay  2}r^  squares  of   slate   per  day.     The  slope  of  roof 

should  be  6  in.  per  ft.  for   14   X  24-in,  slate  and  8  in.  per  ft.  for 

smaller  slate.     For  small  sizes  3  penny  nails  should  be  used,  and  for       p,g  202  —slate  roof 

12  X  20  in.  and  over,  4  penny  nails.     All  holes  should  be  drilled. 

A  hard  slate  should  be  selected  of  the  tough  and  springy  variety.     If  slate  is  too  soft,  holes 

become  enlarged ;  if  too  brittle,  the  slate  breaks  when  squaring  and  in  shipment.     Slate  should 

be  laid  on  slats  or  sheathing  with  a  paper  or  felt  base, 

184c  Tin.^Tin  has  been  used  extensively  on  dwellings,  public  buildings  and 
factories.  If  kept  continually  and  thoroughly  covered  with  red  lead  or  oxide,  with  pure 
Unseed  oil,  a  tin  roof  properly  laid  wiU  last,  in  a  dry  climate,  from  30  to  50  yr.  Much  depends 
on  the  quality  of  the  iron  and  method  of  coating  with  tin.  The  pure  iron  plates  recently 
brought  out,  such  as  the  Amtco  iron,  appear  very  good.  As  with  all  metal  roofs,  salt  air 
shortens  the  life.     Tar  paint  or  tar  paper  should  never  be  used  for  tin  roofs.     The  I.  C.  grade 
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(c)  W 

Fia.  263. — Tin  roofs. 


of  tin  should  be  used  for  roofs  as  it  does  not  expand  as  much  as  the  heavier  I.  X. 
Sheets  come  in  sizes  of  10  X  14  in.  and  multiples,  and  weigh  50  lb.  per  square  before  Uie;^ 
is  applied.  General  sizes  used,  are  14  X  20  in.,  and  20  X  28  in.  The  20  X  2S-in.  sheets  m 
easier  to  apply  but  the  smaller,  having  more  seams,  make  a  stiffer  roof.  Tin  must  not  be  as 
on  roofs  where  people  are  apt  to  walk.  Roofs  with  a  slope  of  lees  than  4  in.  to  the  foot  sliou 
have  flat  seams  (soldered);  steeper  slopes  may  use  standing  seams  (not  soldered).  Fi 
seams  should  have  edges  turned  \i  in.  and  locked.     Standing  seams  should  have  ooe  e^ 

turned  l}i  in»  and  the  other  edge  turned  1^  in.  p& 
pendicular  to  the  sheet.  After  placing  high  aodki 
standing  edges  together,  the  edges  should  be  bent  ott 
and  curled  (see  Fig.  263).  Standing  seams  need  not  *» 
soldered.  The  cross  seams  are,  of  course,  flat  sokks^. 
seams.  Long  strips  are  made  up  in  the  shops,  U»  a* 
seams  formed  on  the  roof.  All  flat  seams  should  U 
locked  and  soldered,  sweating  the  solder  into  the  aeasp 
Cleats  should  be  folded  into  the  seams  and  spaced  Sc 
apart  for  flat  seams  and  12  in.  apart  for  standing  sob 
Each  cleat  should  be  nailed  into  the  roof  \^ith  two  )hi 
barbed  tinned  wire  nails.  14  X  20-in  sheets  should  r^ 
used  for  flat  seams  and  20  X  28  in.  for  standing  seams.  Acid  should  never  be  usedaii 
flux  for  soldering  tin.  Rosin  is  much  to  be  preferred.  Felt  or  waterproof  paper  may  be  vc 
under  the  tin  but  never  tar  or  tarred  paper.  With  flat  seams  a  box  of  112,  14  X  2D4  ; 
sheets  will  lay  180  sq.  ft.,  or  625  sheets  p>er  1000  sq.  ft.  With  standing  seams  a  box  of  lU 
20  X  28-in.  sheets  will  lay  356  sq.  ft.  or  312  sheets  per  1000  sq.  ft. 

184d.  Copper. — Copper  is  used  extensively  on  buildings  of  the  better  clas  W 
ornamental  purposes,  and  also  on  domes,  mansards,  etc.,  where  a  durable  and  light  roof  is  in- 
quired. Its  first  cost  is  high,  but  it  requires  no  paint 
and  the  upkeep  is  low. 

In  hot  climates  copper  is  not  so  durable  as  in 
the  temperate  zone  and  will  oxidize;  great  heat,  gen- 
erally, causing  oxidation  and  buckling.  In  moderate 
climates  the  metal  takes  on  a  coating  of  carbonate 
of  copper  and  turns  green,  and  this  action  prevents 
the  deterioration  from  going  deeper.     As  compared 

with  lead,  it  will  not  creep  on  steep  roofs  from  expansion.  It  is  ductile,  tenacious,  le. 
malleable,  thus  easily  worked.  It  has  less  expansion  and  is  more  durable  than  zinc,  ne 
presents  a  fine  appearance.  Owing  to  recent  high  cost,  zinc,  and  at  times  lead,  has  been  wd 
instead  of  copper.  Lap  seams  should  be  avoided  wherever  possible,  using  instead  tnHicJi  & 
roll  seams  (see  Fig.  264).  Copper  sheets  come  in  sizes  24  X  48  in.  to  72  X  48  in.  StAAem 
should  be  avoided  as  much  as  possible.     When  soldering  is  necessary  rosin  should  be  usedk 

the  flux.     The  usual  sheet  for  roofing  wc^Si 
12  to  14  ounces  per  sq.  ft. 

184e.  Zinc. — As  a  roofing  bi- 
terial  zinc  is  gaining  in  use  in  the  UnitM 
States,  and  has  been  used  very  exteDovek 
in  Europe.  Usually  16-ounce  zinc  sbeeft 
are  specified.  Zinc  must  not  be  used  a 
contact  with  other  metals,  except  iron,  m 
account  of  the  setting  up  of  galvanic  arbui 
due  to  the  almost  universal  presence  of  moisture.  When  used  on  wood  containing  some  aal 
a  layer  of  building  paper  or  felt  should  be  interposed.  Zinc  is  soluble  in  diluted  acids,  aadv 
attacked  to  some  extent  by  Salt  air,  soot,  and  acids  in  some  lumber  with  which  it  may  come  ■ 
contact.  In  a  dry  clean  air,  zinc  is  very  durable;  it  can  not  be  bent  and  twisted  like  ktadil 
sharp  bends  requiring  cutting  and  soldering.     Zinc  may  be  laid  like  tin  with  standing  jobi» 
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but  it  must  be  remembered  that  zinc  has  a  much  greater  coefficient  of  expansion,  which  is  the 
basic  idea  in  all  details  for  zinc  construction  (see  Fig.  265).  The  expansion  "roll  cap"  is  rec- 
ommended for  all  seams  running  up  and  down  the  roof.  In  Europe  corrugated  zinc  sheets  are 
used. 

184/.  Lead. — ^Lead  is  used  for  roofing  on  small  curved  surfaces,  and  on  roofs 
where  there  ai«  a  number  of  comers  and  projections  to  cover.  It  is  easily  bossed  and  stretched 
and  can  be  made  to  fit  warped  sur-  ^^^^^^^  ^^^^^    -^  ^ 

faces  without  cutting   or  soldering,  fe^-^g^^^  ^^^^^^m  .52^ 

While  heavier  than  zinc  or  tin,  the 
reduction  in  labor  may  overcome  the 
handicap  of  more  weight  and  greater 
cost.  Lead  has  a  large  coefficient  of 
expansion  and  will  creep  on  steep 
roofs.  It  should  not  be  used  for  a 
greater  stretch  than  10  to  12  ft.  with- 
out a  joint  roll  or  drip.  It  comes  in 
cast  sheets  6  ft.  wide  and  16  to  18  ft.  long,  and  in  rolled  sheets  6K  to  7  ft.  wide  and  25  to  35  ft. 
long.  Roofing  lead  should  weigh  7  lb.  per  sq.  ft.  A  greater  pitch  than  1  in.  per  foot  should 
not  be  used  unless  creeping  is  amply  provided  for.  Narrow  thick  plank  should  be  used  to 
prevent  warping,  so  that  raised  edges  will  not  cut  the  lead.  Lead  should  not  be  nailed  or 
soldered.  Locks  and  welts  should  be  used.  If  possible,  horizontal  joints  should  be  made  by 
providing  drips  (see  Fig.  266).  Joints  from  ridge  to  eaves  should  be  made  on  a  2  to  S-in. 
round.     All  sharp  comers  should  be  avoided. 

184^.  Corrugated  Steel. — Cormgated  steel  roofing  is  generally  laid  directly  on  pur- 
lins, but  sheathing  may  also  be  used.  It  offers  a  rapid  means  of  roofing  at  a  low  first  cost.  Cor- 
rugated steel  is  extensively  used  for  mill  buildings,  train  sheds,  foundries,  wharves,  skip  bridges, 
mine  buildings,  sheds,  etc.     It  should  not  be  used  for  a  smaller  slope  than  4  in.  per  ft.  unless  a 

longer  lap  is  used.  For  long  life  the  sheets  should  be 
kept  painted,  particular  attention  being  paid  to  the 
sheets  along  the  eaves  and  gables,  and  around  the  stacks 
or  other  openings.  Corrugated  sheets  come  in  26-in. 
widths  with  2}i  X  ^-in.  corrugation  as  a  standard. 
Sheets  are  generally  laid  on  the  roof  with  the  end  lap  6 
in.  and  side  lap  two  corrugations,  the  net  covering  width 
21 H  in-y  the  usual  thickness  No.  20  or  No.  22  gage. 
The  sheets  are  fastened  to  the  purlins  with  straps  or 
clips  (see  Fig.  267).  Clips  are  made  of  No.  16  steel,  l^i 
in.  wide  X  2>^  in.  long  crimped  one  end  to  go  over  the  edge  of  beam  or  channel  flange. 
Straps  make  a  better  roof.  Straps  are  made  of  No.  18  steel,  ^  in.  wide,  passed  around  the 
purlins  and  bolted  to  sheets  with  Ke-in*  stove  bolts,  one  strap  to  the  linear  foot.  One  bundle 
of  hoop  steel  weighs  50  lb.  and  contains  400  ft. 

To  avoid  eondenaation,  an  asbestoe  lining  (anti-condensation  lining)  should  be  placed  under  sheets,  or  plank 
sheathing  should  be  used.  Sheets  are  either  galvanised  or  not-galvanised  (black).  Black  sheets  must  always 
be  painted,  preferably  with  red  lead  or  iron  oxide  with  pure  linseed  oil.  Where  corrosive  gases  attack  the  sheets, 
as  in  smelters  where  sulphurous  gases  are  produced,  asphalt,  graphite,  or  tar  paints  (pure)  shoiUd  be  used,  as  they 
provide  a  more  inert  paint  body. 

Corrugated  steel  is  nailed  to  wooden  sheathing  with  barbed  wire  nails,  8  penny  sise  spaced  12  in.  apart. 
96  nails  weigh  about  1  lb.  20%  excess  should  be  added  for  waste — No.  22  gage  corrugated  sheets  weigh  170  lb. 
per  square,  black,  and  100  lb.  galvanised.  No.  20  gage  sheets  weigh  205  lb.  and  225  lb.  respectively,  laid,  including 
2  corrugations  for  side  lap,  d-in.  end  lap,  sheet  8  ft.  long  X  26  in.  wide. 

184A.  Asbestos  Protected  Metal. — Asbestos  protected  metal  consists  of  a  steel 
core  encased  in  successive  layers  of  asphalt,  asbestos,  and  a  heavy  waterproofing  envelop. 
Corrugated  sheets  come  in  28-in.  widths,  2)^-in.  corrugations  and  5  to  12-ft.  lengths.  Net 
covered  space,  when  laid,  with  iH-in  corrugation  lap  is  24  in.  This  roofing  is  corrosion  proof 
against  acid  fumes,  corrosive  gases^  salt  air,  moisture,  and  alkalies.     Having  small  conductivity 


Pi  a.  267.— Corrugated  steel. 
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for  heat  and  electricity,  it  is  well  fitted  for  many  HBee  where  plain  steel  sheets  are  not  sniiiht 
Thus,  it  is  an  excellent  material  for  conditions  of  high  humidity  and  large  diflferoicc  in  tt». 

perature,  inside  and  outside  of  building.     It  is  light,  and  ib  applied  is  xa 


Mansard  Sheeb    same  way  as  corrugated  eteel;  or  aluminum,  galvanissed   iron,  or 

hangers  may  be  used.     Purlins  should  be  spaced  from  3  ft.  10  in.  for  .K 
Pia.  268.  26  gage  up  to  7  ft.  10  in.  for  No.  18  gage,  on  a  slope  of  4  in.  or  more  ■  . 

in.  Colors  are  terra  cotta,  dark  grey,  and  white.  Special  mansard  roof  sheets  28  in.  li^ 
X  5  to  10  ft.  long  are  made,  beads  K  in-  high,  1^  in.  wide,  spaced  6J^  in-  <>"*  ocnt«»  * 
Fig.  268).     These  sheets  lay  26  in.  to  the  weather. 

184t.  Asbestos  Corrugated  Sheathing. — Asbestos  corrugated  sheathing 
of  asbestos  fiber  and  hydraulic  or  Portland  cement  mixed  with  water  and  sub- 
jected to  a  pressure  of  9000  Ib.  per  sq.  in.  These  sheets  have  a  hard,  smooth 
surface,  and  make  a  light,  permanent,  fireproof  roof.  They  are  not  affected 
by  acid  fumes,  moisture,  or  other  corrosive  agencies  and  are  insulators  of  heat 
and  electricity.  Purlins  may  be  spaced  3  ft.  apart;  aluminum  wire  with  lead 
washers  are  used  for  fastening  the  purlins  (see  Fig.  269).  The  asbestos  sheets  are  mBsdm- 
tured  in  lengths  from  4  to  10  ft.,  27K  in.  wide,  1  in.  deep,  and  on  the  average  Ms  ixi-  thick. 

184;.  Slag  or  Gravel  Roofing.— Slag  or  gravel  roofing  may  be  laid  on  cobcik^ 
or  gypsum  slab,  or  on  plank  roofing.  With  plank  sheathing  the  roof  should  first  be  oof^^. 
with  dry  felt.  Then  two-ply  felt  (tarred)  is  laid  and  mopped  with  pitch.  Then  on  top  of  ^ 
three-ply  tarred  felt  is  laid  and  mopped  on  top  with  pitch.  While  the  pitch  is  soft,  it  is  eoroK 
with  3  lb.  per  sq.  ft.  of  crushed  slag  or  4  Ib.  per  sq.  ft.  of  clean  gravel,  well  screened,  of  34  ^v 
in.  size.  With  a  concrete  or  gypsum  slab  the  felt  should  be  omitted  and  the  slab  mopped  «s 
pitch  before  laying  the  tarred  felt.  If  the  slab  has  a  pitch  of  more  than  1  in.  in  12  in.,  proTiar 
should  be  made  for  nailing.  Asphaltic  felt  and  pitch  may  be  substituted  for  coal  tar  feh  «a: 
pitch.  A  good  gravel  or  slag  roof  should  last  for  20  to  25  3rr.  and  is  more  fireproof  thu  tii 
Oils  of  asphalt  do  not  evaporate  as  quickly  as  those  of  coal  tar; hence  the  life  and  flexibifitTh 
the  asphalt  gravel  roof  is  the  greater. 

184A;.  Prepared  Roofing. — There  are  several  brands  of  prepared  roofing  qb  cb 
market.     Such  roofings  are  composed  of  either  paper,  felt,  or  asbestos  paper  and  saturated  vie 

^^Tf- •%     different  brands  of  waterproofing  compounds,  and  are  ^nrr- 

./C_^— ^--^^^-y      ally  laid  on  a  plank  sheathing  of  matched  boards.      TTwy  9 
-^       lapped  at  the  edges  and  nuled  to  the  roof  with  galvaoix 


^jwSaSi  &  ^'^  nails  and  tin  washers,  and  the  seams  are  thorough^ 

in3Hm4 inir    ff  cemented  together  (see  Fig.  270).     With  some  brands  the* 

nr/ts  c  i^vrr     a  ^^^  surf acc  is  covcred  with  a  water-proof  cement  and  po*^ 

^' 'nofJnamirHdK  dered  asbestos  sprinkled  on  the  surface.      On  sloping  MirfaM 

of  4  in.  or  more  in  12  in.,  it  is  not  necessary  to  oemeni  tir 
la.       .—     par     roo  ng.       gennjg  if  the  roofing  is  laid  parallel  to  the  eaves  and  their  i 

enough  lap  to  prevent  the  rain  from  driving  in. 

1842.  Clay  Tile. — Clay  tile  for  roofing  is  made  in  several  different  forma — SpuR 
tUe,  Pan  tile,  Ludowici  tile,  plain  tile,  and  several  others.  Plain  tile  come  in  sizes  6  J^  X  10>2  >  '\ 
in.  and  are  laid  the  same  as  slate,  with  one-half  the  length  to  the  weather.  Spanish  tile,  Fs 
tile,  and  Ludowici  tile,  aie  of  the  interlocking  type,  and  may  be  laid  on  angle  sub-purlins,  p2»i 
sheathing,  or  book  tile.  When  laid  on  angle  sub-purlins,  the  tile  is  fastened  with  copper  vn 
The  underside  of  the  joints  should  be  pointed  to  prevent  dust  and  dry  snow  from  dnftiof  e. 
A  porous,  non-sweating  tile,  glazed  on  the  top  surface  only,  should  be  used  where  there  is  daopr 
of  condensation.  With  book  tile  or  plank  sheathing,  felt  should  be  used  and  the  tile  nailed  if 
with  copper  nails.     Clay  tile  weighs  from  750  to  1400  lb.  per  100  sq.  ft. 

184m.  Cement  Tile. — On  buildings  where  a  permanent,  rapidly  constructed  n»< 
is  essentia],  cement  tile  serve  the  purpose  admirably.  These  tile  are  made  of  clean  sharp  stfi 
and  Portland  cement,  reinforced  with  steel.  They  are  made  in  two  styles,  interlocking  * 
for  sloping  roofs  and  flat  tile  for  flat  roofs.  The  interlocking  tile  comes  in  various  sizes;  tfar 
most  common  are  26  X  62  X  ^  in.,  lay  24  X  48  in.  to  the  weather,  and  weigh  about  14  lb.  per 
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•q.  ft.  They  have  a  projection  along  the  upper  edge  which  hooka  over  the  purlin.  One  side 
tua  a  roll,  and  the  other  side  a  rabbet.  Tiles  are  interlocked  by  placing  the  roll  of  one  tile  over 
the  rabbet  of  another  (see  Fig.  271).  Horizontal  joints  are  made  by  lapping  one  tile  over  the 
tile  below.  No  fastening  is  necessary.  Flat  tiles  are  used  for  roofs  with  a  pitch  of  lees  than 
l^in.  in  12  in.  These  are  lHi».  thick  and  are  laid  on  I-beam  purlins,  spaced  fi  ft.  on  centeis. 
The  joints  are  pointed  and  the  surface  is  covered 
with  composition  roofing. 

IMn.  Uetal  Tile.— Metal  tiles  are 
itatnped  out  of  sheet  steel,  copper,  tin,  and  sine, 
bo  imitate  clay  tile.  They  are  very  light,  and  the 
first  cost  is  less  than  clay  tile.  They  are  made  in 
different  patt«ms  and  Btzes,  and  are  interlockii^. 
As  a  rule  they  are  nailed  to  wood  sheathing 
iM>vered  with  felt.  Metal  tilea  are  not  as  durable 
as  clay  tile,  and  require  frequent  painting. 

IMo.  Glass. — Glass  roofs  are  used 
on  domca,  green  houses,  and  public  buildings,  and 
on  factories  and  mill  buildings  where  daylight  is 
essential.  For  green  houses,  flat,  plain  glass  is 
generally  used.  Wire  glass,  however,  is  used  where  strei^h  is  required.  Ribbed  or  other 
glass  with  a  rough  surface  should  not  be  used  for  this  purpose  as  they  diffuse  the  light  rays. 
On  domes,  a  heavy  wire  glass  with  a  surface  having  ribs  or  prisms  on  one  side  is  required,  as 
there  it  is  necessary  to  diffuse  the  light  rays  as  well  as  the  heat  rays.  On  factories  and  mill 
buildings  the  usual  practice  is  to  have  glass  inserts,  although  a  few  buildings  have  been  con- 
pitructed  with  the  entire  roof  made  of  glass.  Glass  inserts  may  be  cast  in  cement  tile  Blab8,ar 
corrugated  glass  sheets  may  be  used,  reinforced  with  wire,  in  conjunction  with  corrugated  steel, 
BfibeetoB,  or  asbestos  protected  metal  sheets. 
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Fra.  371.— Cement  tils. 
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Fio.  272.— G1«M  roof.." 

Cnmcaled  ^*b  ifaeeta  are  5>{  ft.  knc  2S  io.  wids  and  H  in.  think;  other  Icostli*,  howcTer.  msy  be  obtained. 
The  eocracatiou  ua  nude  to  St  atandud  cocrusBled  itcel  ■beet*.  The  iheeta  ua  lutened  to  tbs  puriina  by  mwi* 
of  clips.  They  ihould  have  no  tide  lap  but  ehould  be  futaued  to(Cthcr  by  pbicina  ■  3-ili.  atrip  of  agphalt  felt  aloDg 
the  joist  atid  ■  3-in.  atrip  of  No.  34  laEt  undsr  tbe  jdnt.  Bolta.  y^-\a.  diameter,  puainn  b«t*e«n  the  slaaa  aheeta 
and  apwd  about  10  or  12  in.  apart  ahouid  be  uaed  to  elamp  the  whole  joint  together  (aee  Fig.  272).  End  jointa 
•hould  be  made  by  lappins  the  aheed  2  in.,  inalerably  over  a  purlin.  2-in.  atripa  of  aapfaalt  lelt  abould  be  uaed 
Ml  top  of  the  purliu  and  between  the  aheet*. 

Flat  ilaaa  aheeta  have  and  lapa.  aod  the  ode  jointa  an  made  water  tisht  by  meana  of  a  aprina  cap.  No  putty 
b  lued.    Flat  glaaa  weliha  about  3H  lb.  per  aq.  ft.  and  conusalad  claae  about  4)1.  for  M-in.  thickaag. 

US.  Condensation  on  Roofs. — Condensation  takes  place  when  the  temperature  inside  the 
building  is  much  higher  than  the  outside  and  when  there  is  enough  moisture  in  the  air  to  reitch 


598  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  $-!& 

the  dewpoint.     The  best  of  ventilation  is  necessary  to  prevent  condensation.     In  boik&c 
where  there  is  little  or  no  heat,  condensation  can  be  wholly  avoided  by  proper  ventilatioL 

Tar  and  gravel  roofing  is  a  poor  insulator  and,  when  used  on  plank  sheathing,  there  is  dancer  of  deray  d  ^ 
wood  where  such  roofs  are  subject  to  heat  and  moisture.     The  warm  air  goes  through  the  plank  quite  md&f  mr 
strikes  the  cold  under  surface  of  the  roofing  causing  condensation.     During  the  heating  season  the  upper  satts* 
the  plank  is  continually  moist.     This  may  occur  near  the  peaks  where  the  hot  vapors  abound. 

To  prevent  condensation  forming  under  concrete  slabs  they  must  be  insulated.  This  may  be  done  by  isRS 
ing  the  outer  surface  from  cold  or  the  inner  from  heat  radiation.  In  the  latter  method  the  alab  frill  not  imiy  hf  » 
sulated  on  the  inner  surface  but  will  also  be  insulated  to  a  certain  degree  by  the  roofing  material  on  the 


180a.  Methods  of  Insulating  Roofs  on  the  Outside. — There  are  several  metku 
of  insulating  roofs  on  the  outside. 

A  cinder  fill  is  probably  the  most  extensively  used  for  insulating  a  concrete  roof  slab,  m  - 
serves  the  double  purpose  of  insulation  and  drainage.  This  provides  an  efficient  insulatioB  fr 
buildings  except  where  there  is  excessive  moisture  present  as  in  paper  jnills,  po^vrer  bousefc,  ctL 

A  cinder  concrete  fill  also  makes  a  good  insulation  for  a  concrete  slab,  but  is  not  quite  « 
eflicient  as  cinder  fill,  and  is  more  costly. 

A  3  or  4-in.  soft  clay  partition  type  hollow  tile  laid  end  to  end,  to  provide  a  continuov  i: 
space,  makes  an  excellent  insulation  for  all  types  of  buildings.  Plastic  cement  should  be  l&c 
at  the  walls  to  take  care  of  the  expansion.  Hollow  tile  can  only  be  used  on  sloping  nnfe  k 
it  does  not  provide  for  drainage. 

A  combination  of  hollow  tile  and  cinder  fill  probably  gives  the  best  insulation  that  can  b> 
constructed  without  the  use  of  cork.  It  combines  the  advantages  of  both  the  cinder  fill  m 
the  hollow  tile,  and  provides  a  drainage  for  the  flat  slab. 

A  double  roof  construction  on  concrete  slabs,  consisting  of  the  usual  slab  and  a  thin  auxiliary  slab  sapper*: 
on  a  wood  frame  oonstructiont  gives  very  good  results,  but  is  expensive  and  non-fireproof. 

Roofing  blankets,  consisting  of  felt  or  heavy  tar  or  building  paper  placed  under  roofing  material,  will  p%*  i 
sufl91cient  insulation  for  buildings  used  for  light  manufacturing  purposes,  warehouses,  etc.,  where  very  little  noatv 
is  present.  A  blanket  of  one  or  two  layers  of  cork  1  in.  thick  gives  excellent  results  but  is  expenaive.  Cofkisoa- 
j  unction  with  hollow  tile  gives  an  insulation  that  is  practically  perfect. 

186&.  Methods  of  Insulating  Roofs  on  the  Inside. — Roofs  insulated  on  the  iaak 
by  means  of  suspended  ceilings  give  good  results  for  all  classes  of  buildings,  paper  mills,  teni 
mills,  power  houses,  etc.  This  forms  a  dead  air  space  which  prevents  radiation  of  bni 
Metal  lath  is  himg  below  the  slab  and  covered  with  plaster  (1  part  hydrated  lime,  5  ]»ff 
Portland  cement  and  12  parts  sand,  mixed  before  water  is  added,  and  containing  long  co« 
hair).     There  is  danger  of  the  metal  lath  rusting  and  it  will  not  stand  a  hot  fire. 

Gypsum  is  a  fine  material  to  use  for  slabs  where  condensation  is  feared.  It  requircf  » 
other  insulation  and  has  given  good  satisfaction  on  many  buildings. 

Asbestos  provides  another  means  of  insidation  and  is  used  in  the  form  of  asLcite 
corrugated  sheathing  and  asbestos  protected  metal. 

When  corrugated  steel  sheets  are  used  in  mill  buildings,  an  effective  insulation  consists  of  one  or  two  layea  t^ 
asbestos  paper,  followed  by  two  layers  of  building  paper,  placed  under  the  corrugated  steel  sheets,  and  iwetertrt 
from  sag  by  a  wire  netting  stretched  over  the  steel  purlins.     This  is  the  simplest  form  for  an  inexpenaive  roof. 

186.  Parapet  Walls. — Building^  with  exterior  and  division  walls  of  masonry  shosiu 
have  parapet  walls  formed  by  building  the  walls  above  the  roof,  except  in  detacbM 
buildings  with  overhanging  eaves  where  a  cornice  is  used.  For  residence  buildings  parapH 
walls  should  be  8  in.  thick  and  extend  2  ft.  above  the  roof  for  exterior  walls  and  8  in.  far 
divibion  walls.  For  public  and  business  buildings  they  should  be  12  in.  thick  and  extend  3  ft 
above  the  roof.  Parapet  walls  arc  coped  with  terra  cotta,  stone,  concrete,  or  cast  iron.  Tan- 
pet  walls  are  a  protection  against  fire  (see  Art.  209  for  details). 

187.  Cornices. — Cornices  made  of  sheet  metal  are  often  used  instead  of  panprt 
walls.  Better  architectural  effects  may  thus  be  obtained  and  the  cornices  may  be  worthed  b 
with  the  gutter.  Brackets  of  sufi:cicnt  strength  must  be  provided  for  the  cornices  (see  Art 
208  for  details). 
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ROOF  DRAINAGE 
By  John  S.  Brannb 

When  the  designer  has  determined  upon  the  best  roof  for  a  building,  in  the  sense  of  the  most 
tuitable  roof  at  the  least  cost,  he  must  also  have  solved,  generally,  the  problems  of  getting  rid 
>f  the  roof  water.  A  carefully  planned  roof  drainage  has  much  influence  on  the  life  of  the  roof 
ind  roof  covering,  and  contributes,  although  to  a  lesser  degree,  to  the  sightliness  of  the  struc- 
ture and  to  the  convenience  of  tenants. 

188.  Provisions  for  Proper  Drainage. 

188a.  Pitch. — A  roof,  in  order  to  be  watertight,  must  have  sufficient  pitch  or 
dope  to  shed  the  water  and  prevent  it  from  blowing  or  backing  in  imder  the  roofing.  With  a 
lealed  roof  covering  only  enough  slope  to  enable  the  water  to  flow  off  is  necessary,  but  with  a 
shingle,  tile,  corrugated  steel,  or  slate  roof  more  slope  must  be  provided  to  prevent  the  water 
^rom  backing  up  and  running  into  the  building  at  the  horizontal  laps.  The  following  slopes  are 
the  minimum  that  shoiild  be  used  for  various  roof  coverings:  wood  shingles,  6  in.  vertical  to  12 
in.  horizontal;  slate,  6  in.;  tile,  4  to  7  in.;  corrugated  sheathing,  4  in.;  metal  flat  seams,  ^i 
in ;  metal  standing  seams,  8  in. ;  ready  roofing,  1  in. ;  slag,  }^  in, ;  and  gravel  H  in. 

1886.  Flashing. — One  of  the  most  important  things  about  a  roof  is  the  flashing. 
Flashing  may  be  of  Ix  tin,  16-oz.  copper,  14-oz.  zinc,  or  composition.  It  should  be  high  enough 
to  prevent  the  water  from  backing  up  or  flowing  over  the  top  (see  Fig.  273a).     Narrow  flashingb 
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Fig.  273.— FlAahing. 


ace  frequently  used  with  a  mistaken  idea  of  economy,  and  alwa3r8  are  a  source  of  trouble.  Along 
a  wall,  the  flashing  should  extend  8  to  10  in.,  or  higher  if  there  is  danger  of  the  water  backing  up, 
due  to  the  clogging  of  roof  leaders,  causing  water  pockets.  With  corrugated  sheets,  flashing 
is  used  with  one  wing  corrugated  to  match  the  sheets,  covered  with  a  two  corrugation  lap  (see 
Fig.  2735).  In  valleys  and  around  stacks,  the  flashing  should  extend  in  12  in.  (or  more)  up  the 
slope  (see  Fig.  273  c).  On  the  ridge  it  is  customary  to  use  flashing,  a  ridge  roll,  or  a  cap.  Flash- 
ing along  high-class  brick  and  stone  walls  may  be  counter  flashed  with  4-lb.  lead  extending 
1  to  2  in.  into  the  wall,  and  down  to  within  1  in.  of  the  roofing.  Lead  wedges  should  be  used  in 
the  joints  to  secure  the  counter  flashing.  All  seams  must  be  riveted,  or  locked  and  soldered. 
With  a  composition  roofing  the  felt  should  be  turned  up  the  wall,  well  mopped  with  tar  or  as- 
phalt, and  counter  flashed.  If  there  is  danger  of  breaking  the  felt,  a  metal  flashing  should  be 
used,  extending  12  in.  under  the  felt  and  sealed  to  the  felt  with  tar  or  asphalt. 

188c.  Gutters. — Great  care  must  be  taken  in  selecting  the  type  of  gutter  to  be 
used.  On  flat  roofs  having  projecting  eaves  a  gutter  should  never  be  placed  at  the  edge  except 
in  warm  climates  where  there  is  no  frost.  With  a  roof  of  this  type,  the  snow  will  melt  on  the 
portion  of  the  building  that  is  heated  and  run  down  on  the  colder  projection,  and  form  ice.  As 
the  ice  grows  thicker  the  water  will  back  up  on  the  roof  and  find  its  way  over  the  flashing  and 
under  the  roofing  material.  A  gutter  should  be  formed  behind  the  wall  line  by  flattening  out 
a  5-in.  single  bead  eaves  trough  and  bending  up  the  beaded  edge  3H  ii^*  perpendicular  to  the 
roof,  the  remainder  laying  flat  on  the  roof.  This  should  be  placed  so  that  it  will  drain  into 
inside  leaders.  Wherever  eaves  troughs  are  used,  snow  guards  should  be  placed  to  prevent  the 
snow  from  sliding  down  the  roof  and  bending  or  breaking  the  gutter.     In  designing  gutters. 
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the  siie  and  location  of  leaden  must  be  taken  into  account.  Gutters  are  genersJIr  madetb 
same  siieas  the  leaders  unless  the  leaden  are  spaced  more  than  50  ft.  apart,  th«n  the  ne  m 
guttera  must  be  increased  1  in.  for  every  additional  20  ft.  of  leader  spacing  for  sloping  nob. 


Pio.  27S. — Ebv«  (Utter,  Blatc  uul  ponnu  tile  roof.  Flo.  3S0. — Ekva  (otlor,  Bhingle  roof  Bnc  I 


Fio.  2S1. — Emvn  Kutlar,  boum  till. 


Fio.  283.— EsTM  aultei,  c 


and  for  every  additional  30  ft.  of  leader  spacing  for  fiat  roofs.  Guttere  smaller  than  G  ■. 
are  difficult  to  solder  and  had  better  not  be  used.  Guttera  have  generally  a  height  of  1^ 
times  the  bottom  diameter.  If  bos  gutters  are  used,  they  should  have  an  equivalent  aiet. 
Gutten  should  slope  1  in.  in  IS  ft. 
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Xttd.  IiUdera. — The  siie  of  leaden  depends  on  the  rate  of  rainfall  and  the  number 
used.  A  suflkientaiEeofleodermuBt  be  provided  tokeep  the  roof  free  from  water.  The  rate  of 
rainfall  vaiiee  greatly  in  different  localities,  but  provisions  for  handlicg  a  rainfall  of  fi  in.  per  hour 
nilll  do  for  practically  all  purposes.  A  good 
rule  la  to  provide  1  sq.  in.  of  leader  area  for 
every  150  sq.  ft.  of  roof  surface.  Leaders 
should  be  spaced  not  more  than  50  ft.  apart  for 


peaked  roots  and  not  more  than  7S  ft.  apart  for  flat  roofs.     The  leaders  should  not  be  leas 

than  4  in.  in  diameter  for  main  roofs  and  3  in.  for  porch  roofs  and  sheds.     Inside  leaders  should 

be  made  of  extra  heavy  cast-iron  or  galvanized 

wrought-tron  pipe  with  a  trap  wherever  they 

open  at  the  roof  near  dormers,  chimneys,  and 

ventilating  shafts.     Outside  leaders  should  be 

made  of  galvanized  iron  .or  copper.     All  roof  ^ 


Flo.  ZSfl. — Flwhed  psnpet.     (Arruicemuit  for 


connections  should  be  made  watertight  with  copper  ferrules.     It  is  well  to  bear  in  mind  the 
advantage  of  using  the  expansion  type  of  outside  leader,  consisting  generally  of  a  sheet, 
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Flo.  287.— Vuioo*  t»p»  ot  «■ 


nj  hui(en  (from  Cftlnlosuo  Souther  Ii 


bent  in  the  form  of  a  square,  with  an  expanding  joint,  and  with  the  sheet  painted  with  red 
lead  on  the  inside  before  being  bent  into  the  leader  shape.  A  durable  metal  is  necessary. 
Since  copper  is  very  expensive,  although  also  very  lasting,  a  pure  iron  may  be  used,  galvanized 
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— ^as,  for  example,  the  Armco  iron.      At  the  leader  basket,  strainers  should  be  placed  sri 
leader  entrance  to  keep  out  leaves  and  twigs. 

188e.  Catch  Basins. — Catch  basins  should  be  made  of  copper,  8  in.  square,  4x. 
deep  and  with  a  4-in.  flange  at  the  roof.  The  edge  should  be  raised  ^  in.  to  prevent  pitch &k 
running  in  when  the  last  coat  is  applied. 

188/.  Methods  of  Obtaining  Drainage  Slopes  on  Flat  Slabs. — Concrete  tooIA^ 
are  generally  made  level  to  decrease  the  cost  of  the  form  work.  Some  means  for  obtaining  ta 
necessary  slope  for  drainage  must  be  provided.  This  is  generally  done  by  placing  a  cinder  SI  z 
a  cinder  concrete  fill  on  top  of  the  slab,  or  by  placing  a  thin  slab  supported  by  "vrood  above  ^ 
main  slab.  The  latter  method  is  but  Httle  used  as  it  is  expensive,  and  falls  in  the  non*fiFepn» 
class.  A  cinder  fill  is  lighter  and  cheaper  than  a  cinder  concrete  fill.  A  good  grade  of  ateu 
boiler  cinders  should  be  used.  They  should  be  graded  to  give  the  proper  slope,  should  htm 
minimum  thickness  of  3  in.,  and  be  well  tamped  and  sprinkled.  A  cement  mortar  finish,  I :: 
thick  (composition:  1  cement  to  3  sand)  must  be  floated  on  before  the  cinders  dry  out.  Tb 
mortar  finish  must  be  kept  from  1  to  2  in.  away  from  walls,  and  joints  should  be  filled  vr: 
plastic  cement.  Cinder  fill  weighs  from  50  to  60  lb.  per  cu.  ft.  Cinder  concrete  fill  is  uiir 
to  cinder  fill,  the  difference  being  that  1  part  of  cement  is  added  to  8  parts  of  cinders  aodtrr 
finish  is  made  ^  in.  thick  instead  of  the  1  in.  for  the  cinder  fill. 

189.  Drainage  Schemes. — In  order  to  get  the  best  service  from  a  drainage  scheme  iti 
necessary  to  consider  usefulness,  durability,  materials,  workmanship,  and  fitness. 

189a.  Usefulness. — The  water  must  be  drained  from  the  roof  as  qiuckhri 
possible,  and  at  the  groimd  level  it  must  be  provided  with  a  suitable  drain  to  run  it  to  theieiff 
street  gutter,  or  to  the  rain  water  cistern,  far  enough  from  the  building  to  be  sure  that  it  vi 
not  find  its  way  into  the  cellar.  The  rain  water  cistern  is  a  large  hole  in  the  ground,  lined  «id 
stone  or  brick  laid  in  cement  mortar,  and  filled  with  graded  stone.  In  the  smaller  cist^nstk 
lining  is  often  omitted.  When  the  lined  type  is  used,  the  water  is  available  for  the  tenants  iv 
household  use;  with  the  unlined  variety  the  object  is  to  make  the  water  seep  into  the  subsiL 
The  slope  of  the  roof  gutter  must  not  be  too  steep  as  this  will  cause  a  rapid  current,  caiBs 
backing-up  of  water,  overflow,  and  abrasion  of  the  gutter  surface,  which  is  most  objectioub* 
with  roofings  with  a  sanded  or  pebbled  surface.  Where  open  valley  gutters  shed  a  stream  oii 
lower  roof  siu'face,  the  latter  must  be  protected  against  abrasion  and  leakage  by  pn>pci^ 
distributing  the  flow  through  a  spreader,  which  discharges  on  a  specially  reinforced  roofec 
surface.  The  better  way  is  to  carry  such  masses  of  water  in  their  own  leaders  direct  to  cato^ 
basin,  and  terminate  such  leaders  so  as  to  throw  the  flow  of  water  in  the  direction  wanted,  i£^ 
avoid  the  possibility  of  water  rushing  up  under  flashings. 

In  buildings  with  overhanging  eaves  the  water  is  frequently  allowed  to  drip  on  thegronai 
When  such  a  building,  which  may  be  used  for  a  mill  or  a  factory ,  has  a  series  of  transveneav- 
tooth  skylights,  with  their  gutters  shedding  water  on  the  main  roof  a  little  distance  below,  tk 
water  will  pour  over  the  eaves  in  a  mass  just  where  it  leaves  the  transverse  gutter,  or  very  onr 
this  point.  This  condition  seriously  interferes  with  opening  windows  below,  especially  wba 
the  windows  turn  on  a  horizontal  pivot,  and  the  roof  overhang  is  small,  as  in  that  case  tfe 
water  pours  directly  on  the  inclined  window  surface.  Such  conditions  can  be  avoided,  in  pail 
by  a  large  eaves  overhang,  and  better  yet,  by  a  parapet  wall  and  inside  eaves  gutter.  Tbi 
latter  method  also  avoids  the  annoyance  of  eaves  water  coming  down  on  entrance  stain,  m& 
mliterial  bins,  or  on  other  articles  placed  close  to  the  building  wall. 

Where  the  buildinga  have  several  roof  levels,  and  the  lower  roofs  drain  into  the  main  leader  from  hicb  irvik 
it  beoomes  necessary  to  provide  a  trap  at  the  junction  of  the  main  leader  and  low-roof  leader.  If  this  la  not  6sbl 
the  water  rushing  down  from  the  high  roof  will  sometimes  back  up  on  the  low  roof,  especially  if  the  low-roof  kadr 
is  short  and  a  large  amount  of  water  is  passing  down  the  main  roof  leader.  During  heavy  thunder  ahowen  it  ka 
been  noticed  that  when  this  precaution  is  not  taken  the  water  aroxmd  the  low-roof  catchbaain  will  apout  up  sevo^ 
feet  in  the  air  and  flood  the  low  roof. 

Whenever  the  roof  water  is  carried  to  the  ground  by  leaders,  provision  must  be  made  to  drain  the  water  sn; 
from  the  building  for  reasons  of  sanitation,  sightliness  and  life  of  foundation  walls.  Where  atorm  sew^s  an  art 
available,  and  the  building  lies  lower  than  the  street,  a  rain  water  cistern  should  be  dug  at  a  distance  from  ih 
building  of  not  leas  than  60  ft.  The  subsoil  drain  should  be  placed  weQ  under  the  froet  line  and  have  a  slope  of  sbcc^ 
1  in.  in  10  ft. 
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The  greatest  demand  on  the  roof  drainaKe  system  occurs  during  a  heavy  rain  storm  of  short  duration,  say  for 
5  or  10  minutes,  during  which  time  the  rain  may  amount  to  1  in.,  although  such  downpour  seldom  occurs.  This 
shows  the  necessity  of  inspecting  the  drainage  at  least  twice  a  year,  spring  and  autumn,  to  remove  rubbish  and 
repair  damage  done  by  ice  and  rust. 

189b.  Durability. — Infipection,  mentioned  above,  is  necessary  for  durability. 
Metal  work  may  require  painting  or  soldering  or  even  renewal,  fastenings  of  the  metal  to  roof 
or  walls  may  have  worked  loose  and  strainers  may  need  to  be  renewed.  Tar  and  felt  roofing 
may  need  to  be  coated  with  tar  or  asphalt  to  fill  cracks  and  to  soften  the  entire  surface.  Sand, 
pebbles,  leaves,  and  twigs  should  be  removed,  leaders  flushed,  and  subsoil  pipe  looked  after. 
It  is  important  to  attend  to  these  things  so  as  to  avoid  rot  and  decay  setting  in  along  the  eaves 
and  walls  where  the  damage  is  not  always  seen  until  it  assumes  proportions  calling  for  expen- 
sive repairs. 

189c.  Materials  and  Workikianship. — Materials  and  workmanship  should  be  of 
the  best.  If  iron  is  used,  the  pure  varieties  should  be  secured  which  in  the  end  are  more  econo- 
mical than  ordinary  grades.  Although  black  painted  iron  does  very  well  for  steep  roof  ma- 
terial, it  does  not  measure  up  for  gutters,  leaders,  and  other  parts  where  the  water  remains 
much  longer;  here  the  iron  must  be  tinned  or  galvanized.  If  zinc  or  copper  is  used,  painting 
may  not  be  necessary  except  for  securing  a  harmonious  tint.  For  leaders,  in  all  localities  that 
have  frost,  the  corrugated  or  expansion-  type  should  be  used.  When  gutters  are  built  up  of 
tarred  felts,  all  sharp  bends  should  be  avoided  and  sharp  comers  filled  with  wooden  or  mortar 
fillets,  of  large  radius,  so  that  the  felt  may  have  a  secure  base  and  support.  Lead,  copper,  zinc, 
galvanized  iron,  and  tinned  iron  have  lasting  qualities  in  the  order  given. 

189d.  Fitness. — With  buildings  of  the  better  class,  the  eaves  gutters  may  be 
incorporated  with  the  cornice  and  made  quite  ornate.  Leaders  must  look  well  and  be  placed 
as  much  out  of  the  way  as  possible,  in  the  first  place  for  appearances,  and  in  the  second  place 
to  avoid  mechanical  damage  from  the  ground  level  up  to  say  4  ft.  above  the  groimd.  For  the 
lower  4  ft.  double  strength  cast-iron  pipe  should  be  used,  which  will  stand  the  impact  of  iron  ash 
cans,  etc.y  taken  out  of  all  residences  once  or  more  during  the  week.  Where  leaders  are  so 
located  that  repairs  are  costly,  the  most  durable  materials  must  be  used.  Where  there  are  no 
eaves  gutters,  as  on  the  simpler  t3rpes  of  sheds,  or  manufacturing  buildings,  there  must  never- 
theless be  short  sections  of  eaves  trough  placed  over  main  entrance  stairs  to  prevent  drip  and 
ice  formation  on  the  steps.  Piazza  roofs  should  have  gutters  that  will  drain  readily,  preferably 
having  the  high  level  over  the  main  entrance  steps.  In  the  case  of  small  piazza  gutters,  almost 
level,  an  overflow  is  often  foimd  directly  over  the  main  entrance  steps  due  to  a  settling  in  the 
shallow  piazza  foundations. 


SKYLIGHTS  AND  VENTILATORS 
Bt  John  S.  Branne 

190.  Skylights  and  Ventilators  in  General. — For  buildings  occupying  large  areas,  it  is 
often  impossible  to  provide  sufficient  daylight  for  the  interior  by  means  of  windows  in  the  ex- 
terior walls.  In  large  buildings  several  stories  high,  light  courts  are  introduced,  and  in  smaller 
buildings  where  this  can  not  be  done,  light  shafts  are  used,  the  daylight  coming  through  a  sky- 
light placed  above  the  roof  level  where  it  is  diffused  into  the  interior  of  the  building  by  windows 
in  the  sides  of  the  lightshaft. 

In  all  large  private  and  public  buildings  the  roof  has  one  or  more  skylights  which  give 
light  to  the  upper  story,  and  sometimes  so  arranged  as  to  help  the  illumination  all  the  way  down 
in  buildings  of  moderate  height.  In  such  cases  the  skylight  is  often  very  large  and  is  placed 
over  an  open  light  well  which  is  guarded  by  a  railing,  and  contains  the  main  stairway. 

In  one-story  buildings  requiring  an  exceptional  amount  of  light,  as  green  houses  and  horti- 
cultural buildings,  the  entire  roof  is  made  of  glass.  In  one  story  shop  and  factory  buildings 
train  sheds,  etc.,  daylight  is  provided  for  the  interior  by  one  of  the  following  methods  of  provid- 
ing a  glass  surface: 


604  HANDBOOK  OF  BUILDING  CONSTRUCTION  ISec  M» 

1.  Li^ht  through  glaas  placed  in  the  plane  of  the  roof. 

a.  Glass  tile. 

h.  Glass  inserts  in  concrete  tile. 

e.  Glass  inserts  in  concrete  slab. 

d.  Corrugated  glass  sheets. 

e.  Flat  glass  skylights. 

/.  Translucent  fabric,  taking  the  place  of  glass. 

2.  Light  through  glased  surfaces  not  in  the  plane  of  the  roof. 

a.  Common  box  skylights. 
h.  Longitudinal  monitors, 
t.  Transverse  monitors. 
d.  Saw-tooth  construction. 

In  planning  for  light,  the  designer  at  the  same  time  must  keep  ventilation  in  mind,  beca» 
most  special  skylight  devices  placed  above  the  plane  of  the  main  roof  surface  are  also  «/ 
adapted  for  securing  ventilation.  A  glazed  surface  may  be  made  wholly  or  in  part  moTihlr 
The  vertical  (or  nearly  vertical)  sides  of  monitor  and  saw-tooth  roofs  may  be  made  part  gkt 
and  part  louvres.    Louvres  may  also  be  provided  on  the  vertical  sides  of  box  skylights. 

The  designer  must  gather  all  the  knowledge  available  as  to  light  requirements,  baaed  oe 
the  occupation  of  the  tenants  of  the  building,  and  on  the  more  or  less  favorable  location  of  kv 
building  as  regards  height  and  location  of  surrounding  structures. 

The  necessity  of  the  best  available  light  and  ventilation  for  the  efficiency  of  all  the  woiin 
of  whatever  grade  and  responsibility,  is  now  a  well  known  economic  fact,  taken  into  afcotr 
by  every  employer  of  labor.  The  nearer  the  glazed  surface  approaches  the  working  floor,  ^ 
better  the  light;  but  if  too  near,  the  heat  rays  in  summer  will  be  very  uncomfortable. 

North  light  is  the  best  as  there  are  no  direct  sun  rays.  Where  direct  sunlight  will  stxftr 
the  glazed  surface  of  the  skylight,  glass  must  be  selected  that  will  diffuse  the  sunlight;  tbask 
scatter  or  break  the  direct  rays  so  as  to  reach  the  condition  of  light  without  glare.  Such  {dbf 
is  ribbed  or  contains  small  prisms,  of  various  styles  as  to  depth  and  spacing  of  ribs  and  prim 
When  there  is  no  objection  to  the  loss  of  a  little  light,  rough  glass  is  used.  The  ribbed  and  po- 
matic  types  gather  dirt  very  quickly,  and  require  frequent  cleaning;  rough  glass  toakac 
degree.  When  the  glass  is  placed,  due  consideration  must  be  given  as  to  which  side  is  mof 
accessible  to  the  window  cleaner,  the  inside  or  outside  face. 

The  amount  of  glass  required  for  mill  and  factory  buildings  depends  entirely  on  occupatiai 
of  tenants  or  workers,  and  no  general  rule  can  be  given.  30  %of  the  side  walls  used  for  windiv 
is  often  found,  and  again  the  entire  side  wall  may  be  glass  except  for  the  space  oocapied  h 
wall  pilasters. 

The  roof  light  must  be  studied  with  regard  to  location  of  machinery  or  desks,  etc.,  and  ski 
from  the  standpoint  of  possible  leaks,  and  breakage  of  glass.  Care  must  be  taken  in  pltac 
skylights  so  as  not  to  place  them  too  near  valleys  or  other  depressions  which  may  cause  mm 
to  cover  them. 

It  costs  more,  of  course,  to  heat  buildings  with  large  glass  surfaces  during  the  tort 
months;  but  it  should  also  be  remembered  that  there  is  a  saving  of  artificial  light  all  the  va: 
around. 

As  regards  fire  protection,  the  following  is  taken  from  the  1909  code  of  the  National  Boas 
of  Fire  Underwriters,  p.  103: 

All  openings  in  roof  for  the  admission  of  lisfat,  other  than  elsewhere  provided  in  this  code,  over  elevator,  sac- 
dumb  waiter  shafts,  and  theatre  stage  roofs,  shall  have  metal  frames  and  sash,  glased  with  wired  glass  not  kattbi 
ki  in.  thick,  or  with  glass  protected  above  and  below  with  wire  screens,  of  not  less  than  No.  12  galvanised  vjre.  »si 
not  more  than  1  in.  mesh. 

The  consistent  use  of  wire  glass  in  a  building  may  save  as  much  as  10  %on  the  fire  insunioK 
In  all  large  dwellings,  and  in  many  small  ones,  and  in  all  public  buildings,  means  sv 
provided  for  carrying  off  foul  air  by  ventilating  shafts  or  ducts  placed  in  the  walls.  Thoee  b 
the  walls  are  carried  up  to  the  top  of  the  parapet  or  higher.  When  ventilating  shafts  an 
used,  they  are  sometimes  made  large  and  provide  light  for  interior  rooms.     Such  shafts  mai 
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be  fireproof  and  be  carried  not  lesi  than  2  ft.  above  the  roof  when  covered  with  ventilating 
skylight,  nor  leas  than  3  ft.  above  the  roof  when  open,  terminating  in  a  tile  or  cement  coping. 

Machine  Bhopa,  factories,  shops,  manufacturinB  establishments  of  the  many  types  found, 
often  provide  ventilation  through  the  verticle  sides  of  box  akylighto.throughroiind  metal venti- 
laton  placed  along  the  ridge,  or  through  the  vertical  or  slightly  inclined  sides  of  monitors  and 
saw-tooth  roofs. 

Ml.  Notes  on  GUu. — Glass  used  in  skyl^hts  of  all  kinds  may  be  plain  or  reinfoiced; 
the  latter  type  has  wife  mesh  imbedded  in  it.  This  wire  mesh  maybe  placed  between  two  plates 
of  glass  which  are  then  rolled  together;  or  rolled  into  one  plate  of  glass.  Thefirsttypeismadcby 
the  "sandwich  process;"  the  second  by  the  "solid  process,"  also  called  the  "Pennsylvania 
continuous  proceffl. "     The  "solid  process  "  produces  a  stranger  glass. 

Single  strength  glass  is  X^  in-  thick— extreme  size  24  x  60  m.,  30  x  54  in,  or  36  x  SO  in. 
Etouble  strength  glass  is  H  in.  thick — extreme  size  30  x  90  in.,  3S  x  86  in.,  or  48  x  80  in. 


-H- 

[*-  H- 

-H- 

-M .■ 

[.  -  K 

Polinhed  glwa H  - 

Roujih  win  ibM H - 

RoUHhllui H  - 

Ribbed  win  glax H  ~ 

Ribbed  glua W  - 

FutroUta  win  gUu H  - 

FaotndiU  sIsh >i  - 

Tba  ribbed  vsriety  diSiun  U(ht  well:  Uie  faotrolite  vuiety  hu  ■  itill  mater  difFudon.  and  createi  ■  very  uni- 
form licbt.  The  "Aqiuutuot"  slui  is  &  ribbed  gla»  with  deep  nod  urrow  groovea.  Tbe  muufuturen  claim 
that  the  npUUiir  fttlnction  wiU  retain  aod  carry  ofS  eondeDiatiaD  at  a  nloiie  ae  low  v  10  deg.  with  the  horiioDta]. 
Plain  (laia  or  wire  (lu*.  undblaated  to  givs  it  a  frosted  appearance,  is  eometimeg  ueed  tot  eliyliEhtg. 

Btook  eiua  of  win  gtaaa  ran  frooi  J4  to  40  in.  wide  and  [roni  60  to  100  in.  long.  The  uniupporled  width 
ahouM  qM  eiceed  24  in.  If  ribbed  glaa  i*  lued.  the  ribe  nhould  nin  parallel  to  the  slope,  or  aUnd  vertical  [ar 
aide  windows.     When  windows  are  double  glaied.  place  the  ribbed  lurfaces  towaids  each  olnei  and  cron  them. 

In  venical  er  eligbtly  inolined  windows,  with  small  danger  of  breakage,  doul)le  or  angle  strength  glass  may  be 
uaed  if  not  interfering  with  hie  proteotion  policy. 

in.  SkyliglitB  in  Plane  of  Roof. 

lB2a.  OlasB  Tile. — Glass  tiles  are  often  used  on  roofs  in  conjunction  with  clay 
tiles,  and  are  made  of  the  shape  and  size  of  the  clay  tile  so  as  to  match  laps,  thus  requiring  no 
further  attention  than  laying  them  as  decided  by  the  designer  (see  Fig. 
288).  Sometimes  they  are  laid  in  large  units,  forming  several  large  roof 
lights,  or  in  rows  extending  the  length  or  part  of  the  length  of  the  building ; 
more  rarely  scattered  all  over  with  the  clay  tile.  The  most  economical 
way  is  probably  to  lay  them  in  large  units  or  long  rows  so  as  not  to  be 
constantly  watching  a  certain  pattern  or  d^ign  scattered  all  over  the  roof. 
193&.  Glass  Inserts  in  Concrete  Tile. — Glasa  inserts  are 
e  very  efficient.  The  interlock- 
ing "Bonania"  tile,  size  to 
weather  24  x  48  in.,  has 
Ji-in.  ribbed  wire  glass  in- 
serts, 14  X  26  in.  {see  Fig. 
■*-       *»  •=,-  289).     The  tile  with  inserts 

'*^"  ''^ii^^iS*^      maybe  laid  in  continuous  bho—b,- 

rows  or  arranged  to  meet    lorccd*  cement   tile 

Pio.  288.-Imperial  tile  with  glaa.  tUe.  ^^^^^     conditions.  The     '''"' «""  '"'''^^■ 

glass  is  laid  into  the  form  when  the  concrete  is  poured,  and  the  finished  tile  is  shipped  to  the 
building  site  like  the  all-concrete  tile. 

192c.  Glass  Inserts  in  Concrete  Slabs. — Glass  inserts  to  be  used  in  concrete 
Blabscomeinsizeafrom6to6>^in.  square,  and  from  1^  to  l^in- thick.  Light  concrete  ribs, 
reinforced,  are  poured  between  the  inserts  (see  Fig,  290).  The  "units",  made  of  many  small 
inserts,  can  be  made  in  sizes  to  suit  the  beam  or  girder  spacing,  or  purlin  spacing,  and  each 
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unit  is  surrounded  by  a  border  of  concrete.  For  tightneas  and  to  take  up  expuuion  uIrl 
traction,  the  units  are  Heparatcd  by  a  thin  joint  of  oakum  packing  covered  with  elastic  MMi 
193^.  CoiTTicttted  GUu  Sheeti.-{u. 
rugated  glass  sheets  are  26  in.  wide,  66  in.  hntc: 
y^  in.  thick,  and  have  standard  SK-in.  coimtna 
(see  Fig.  272,  p.  597).  They  are  used  with  ccr 
steel,  corrugated  aabestoe,  protected  corrugatcdwc 
The  comigationB  diffuse  the  light  and  b«*t  n; 
preventing  glare,  and  the  manufaeturerB  claim  Ik 
building  covered  with  this  glass  is  no  iiKma 
summer  than  the  same  building  would  be  if  com 
with  corrugated  steel  sheets. 

19a«.  FUt  Glass  SkyliKhts.— Flit  riv 

skylights  are  often  used  in  the  plane  of  the  icd  \k 

imlcas  there  is  su  thcient  slope  uf  roof  to  shed  tbe  bkh 

as  it  falls,  the  light  will  be  shut  off  and  thcpurpwi 

the  skylight  defeated.     These  skylights  must  \Kyt 

ticularly  well   flashed,  to  prevent  leaks.     Flatik^ 

"^'~  lights  should  at  least  have  aslope  of  2  in.  per  foot 

19^.  Translucent  Fabric. — Translucent  fabric  is  manufactured  bydi^sf' 

B  mesh  into  an  oil  compoeition  which  hardens  into  an  amber  colored,  tnnslucoit^ 


ilab— 


waJ"., 


Arrfi  Pluvius  London's  Improved  Muftiunit 

Fio.  201.— SkyliKht  bura. 

It  is  well  adapted  to  buildings  whcrcthevibrationsof  running  machinery  are  so  great  ukibia^ 
glass.  Also  it  may  well  be  considered  in  locations  where  the  foundations  are  apt  toKtUr,)! 
in  filled-in  ground,  throwing  purlins  out  of  line,  and  straining  all  rigid  materials.     Thi>l>^ 
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Fia.  292. — ^LongitudiDal  monitors. 


Inverted  Type 


withstands  ordinary  heat,  but  when  exposed  to  fire  bums  readily.     The  fabric  softens  a  little 
when  exposed  to  very  high  temperatures.     It  collects  some  dirt  which  should  be  washed  ofiF. 
193.  Skylights  Not  in  Plane  of  Roof. 

lOSo.  Common  Box  Skylights. — Common  box  skylights  are  better  than  the 
flat  ones  on  account  of  the  greater  ease  of  thorough  flashing  up  along  the  high  curb  to  prevent 
leakage.  The  top  may  be  of  the  same  slope  as  the  roof,  or  may  be  arranged  with  a  ridge  to 
cause  the  snow  to  slide  off.  One  advantage  of  the  high  curb  is  the  possibility  of  arranging 
ventilating  louvres  all  around  the  curb.  When  the  slope  of  glass  top  is  made  7  to  8  in.  per ioot, 
the  snow  will  slide  off. 

193&.  Longitudinal  Monitors. — The  object  of  longitudinal  monitors  is  to  provide 
light  as  well  as  ventilation.  For  the  right  amount  of  light  in  a  mill  building,  shop,  or  factory, 
no  set  rules  can  be 
given,  but  each  class 
of  building  must  be 
considered  by  itself. 
In  a  general  way,  for 
buildings  with  a 
height  to  eaves  of  16 
to  20  ft.,  with  ample 
side  windows,  say 
about  30%  of  wall 
surface,  no  monitor  is 
required  when  the 
width  of  building  is^ 
not  over  40  ft.     This 

refers  to  shops  where  the  work  is  done  principally  along  the  walk,  and  the  central  portion  of 
building  is  used  for  an  aisle.  When  the  width  becomes  greater,  the  monitor  is  placed  along 
the  ridge  of  roof,  and  is  made  about  ^  of  the  width  between  walls. 

The  monitor  roof  \b  made  of  the  same  roofing  material  as  the  main  roof;  the  monitor  aidea  are  glased:  and  the 
■ash  is  either  wholly  or  in  part  movable.  A  wide  monitor  having  its  ridge  in  the  same  vertical  plane  as  that  of  the 
main  roof,  does  not  ventilate  efficiently  under  all  circumstances',  and  under  such  conditions  there  should  be  a  series 
of  round  sheet  metal  or  asbestos  ventilators  placed  along  the  monitor  ridge. 

To  overcome  this  condition  an  inverted  monitor  type  has  been  placed  on  the  market,  with  its  valley  gutter  in 
the  center  and  discharging  hot  air,  smoke,  fumes,  and  dust  very  efficiently  to  the  highest  parts  of  monitor  and 
out  through  louvres  or  movable  sash  (see  Fig.  292). 

The  monitor  roof  may  be  made  of  glass,  if  slope  is  made  sufficiently  steep  to  shed  snow;  and  the  higher  part  can 
be  made  to  swing  up  for  ventilation. 

198c.  Transverse  Monitors. — Transverse  monitors  (Fig.  293)  are  most  adapted 
for  flat  roofs,  or  for  roofs  with  a  slight  slope.     If  used  for  steep  roofs,  the  sash  along  the  sides 

becomes  irregular  and  difficult  to  operate.  When 
the  slope  is  slight,  they  are  practical  in  construc- 
tion and  look  weU.  These  monitors  start  as  near 
the  wall  as  is  necessary  to  get  good  light,  and  have 
glazed  or  louvred  sides,  the  same  as  the  longitudi- 
nal monitor.  With  this  type  of  monitor,  there  is 
an  easy  access  from  one  side  of  building  to  the 
other,  and  they  should  alv^ays  be  set  back  from 
the  building  side  sufficiently  to  provide  a  com- 
fortable walk  for  inspection  and  cleaning  of  roof  and  sash.  With  a  truss  spacing  of  16  ft. 
they  should  be  placed  in  every  third  ba>,  which  will  place  glazed  sides  about  30  ft.  apart. 
This  type  of  monitor  avoids  the  valley  gutter  which  often  causes  trouble  in  the  saw-tooth 
construction  by  leaking. 

198<2.  Saw-tooth  Construction. — Saw-tooth  construction  is  used  to  get  a  very 
strong  north  light.  To  accomplish  this  every  bay  has  a  saw-tooth,  the  steep  side  is  glazed  and 
the  gently  sloping  side  has  solid  roofing.     A  very  even  lighting  is  thus  obtained. 
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FiQ.  293. — Transverse  monitor. 
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Ventilation  is  secured  by  making  the  upper  part  of  the  sash  movable  (see  Fig.  294).  Sobk 
times  round  sheet  metal  ventilators  are  placed  along  the  saw-tooth  ridge,  and  louvrea  are  p> 
vided  on  the  two  gable  ends.  When  the  glazed  (steep)  side  faces  due  north,  the  glass  ctnbr 
perfectly  clear,  if  placed  vertically  or  very  steep,  so  that  the  sun  even  at  noon  cannot  w^ 
through.  This  steepness,  in  the  northern  part  of  the  United  States,  should  be  such  that  tb 
angle  with  the  horizontal  is  not  less  than  72  deg.,  and  in  the  southern  part,  not  leas  than  T* 
deg.  If  the  angle  is  smaller,  there  will  be  direct  sunlight  at  noon,  and  this  may  neeesBtCf 
ribbed  or  rough  glass.     When  the  glass  is  inclined,  more  light  comes  through. 

The  saw-tooth  type  of  skylight  sometimes  gives  trouble  by  leaks  developing  along  the  Tallcy  gvttcR.   T 
overcome  this  trouble  the  following  precautions  must  be  taken: 

(1)  The  gutter  should  be  made  wide,  and  all  sharp  oonMis 


HntOk  9ash  /l^^^       ^nhamat       ^^  providing  liberal  fillets  and  a  perfect  bearing  Burfaoe  under  thrfx 

ter  body.  A  narrow  gutter  invites  the  expansive  action  of  ice.  ba&b  ^ 
the  snow  which  accumulates  by  direct  fall  and  by  sliding  off  thegka 
and  makes  it  very  difficult  for  window  cleaners  to  stand  in  it.  it  ik 
gutters  are  used  frequently  for  thoroughfare  across  the  roof,  the  giSp 
surface  must  be  protected  either  by  a  special  wearins  surface  or  by  yhh 
ing  a  plank  walk  along  the  gutter.  This  walk  must  not  block  the  &>«  -: 
water.  It  is  better  to  spend  money  for  a  good  wearing  sorfoee.  h  4p 
plank  rots,  and  twigs  and  leaves  may  block  the  water. 
FiQ.  294. — Saw-tooth  type.  ^^  Flashings  on  both  sides  of  the  gutter  should  be  nuMle  widp,aE 

the  supports  for  the  gutter  strong  so  that  no  deflection  may  art  ia  at 
form  water  pockets  in  the  gutters.  Sometimes  much  snow  and  ice  form  in  saw-tooth  gutters.  If  tJbe  getm 
are  long,  it  will  be  better  to  use  interior  downtakes  which  can  be  brought  down  along  the  columns. 

194.  Miscellaneous  Notes  on  Skylights. — Wherever  glass  is  used,  some  provision  h»v 
be  made  for  carrying  off  condensation,  such  as,  small  gutters  in  buildings  where  machineijfi? 
product  would  receive  serious  injury  from  water.  There  are  several  types  of  skylii^ht  bus  a 
the  market  (see  Fig.  291),  all  aiming  to  collect  and  carry  off  condensation.  Unless  ooppert 
selected,  a  closed  bar  section  must  not  be  used,  as  it  can  not  be  painted. 

All  glass  except  expensive  plate  glass,  has  an  uneven  surface  and  a  cushion  has  to  be  provided  betwem  E«tii 
sash  bars  and  glass  by  using  putty,  cement,  asphaltic  compounds,  or  felt.  The  glass  on  the  better  class  of  nedRi 
sash  is  held  by  copper  spring  caps  covering  the  joints  and  fastened  to  the  bars  with  brass  nuts  and  bolts. 

196.  Ventilators. — As  described  in  Art.  193,  light  and  ventilation  are  often  provide 
by  the  same  bulkhead,  or  skylight,  whether  this  be  a  small  box  skylight  or  a  large  moohtf 
In  the  section  on  ''Heating,  Ventilation  and  Power, "  in  Part  III,  the  questions  of  fTcsh  air 
requirements  are  fully  discussed,  and  it  will  be  seen  that  they  vary  according  to  the  uses  loi 
character  of  the  building. 

Box  tkylights  may  be  used  as  ventilators  by  having  high  curbs  filled  with  louvres  or  movable  sash,  small  kopi 
doors,  etc.     This  will  prove  enough  where  small  amounts  of  air  have  to  be  expelled. 

LongitudiruU  monitors  of  the  common  or  inverted  type  give  excellent  ventilation  by  using  louvres,  shutten.  e 
movable  sash  along  the  sides.  Louvres  are  made  of  black  or  galvanised  steel  or  iron,  asbestos,  or  asbestoe  ptn> 
tected  metal,  all  according  to  durability  required  and  care  given  after  placing.  Shutters  are  made  of  sheet  iroB« 
steel,  black  or  galvanised.  Movable  sash  is  the  most  useful  arrangement,  giving  both  light  and  ventilation,  n^ 
can  be  operated  in  large  sections  by  hand  or  even  driven  by  small  motor. 

Transverse  monitors  are  used  for  ventilation  just  as  described  for  longitudinal  monitors.  This  type  hss  bm 
used  considerably,  as  the  light  distribution  is  very  good,  and  while  not  so  perfect  as  in  the  saw-tooth  type,  yti  hs 
not  the  disadvantage  of  the  saw-tooth  gutter. 

Satp-looth  construction  is  well  adapted  to  ventilation,  on  account  of  its  shape,  resembling  one-half  of  the  inratid 
type  monitor.  The  light,  as  stated,  is  also  perfect.  The  disadvantages  are:  a  slightly  higher  cost  than  eonsBsi 
transverse  monitors,  and  the  gutter. 

Open  roof  ventilation  is  used  largely  for  rolling  mills  and  smelters  where  the  heat  is  intense  and  tbc  air  ii  be^ 
dened  with  smoke,  fumes,  and  gases.  The  method  commonly  used  is  to  provide  two  planes  of  purlins  and  by  hsM 
the  lower  end  of  roofing  sheets  on  high  purlins  and  the  upper  end  on  low  purlins  an  effect  is  produced  like  s  kr 
louvre  laid  on  the  roof  slope.  The  only  protection  asked  here  is  to  keep  out  to  a  large  extent  snow  and  rain,  skan 
the  lower  ends  of  each  set  of  sheets  overlap  upper  end  of  sheets  below.  In  addition  to  this,  sides  of  buikfiaf  bv 
not  have  any  walls. 

.  Sheet  metal  ventilators,  asbestos  ventilators,  etc. — The  use  of  these  has  been  referred  to  already.     Several  types  s> 
on  the  market,  both  as  regards  materials  and  method  of  operating  (see  Fig.  295). 

The  suction  of  air  is  taken  care  of  in  various  ways.     One  type  is  entirely  stationary,  and  relies  on  the  motks  of 
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be  outuda  air  ■caiut  the  surved  ■urikoie  of  the  venUlttor  to  lUck  the  Bir  out.  Another  type  illom  the  upper  pi 
o  move  with  the  irind»  so  se  to  dinw  the  ur  duL  A  third  type  hkft  ft  rotuy  up  with  ipinl  blftdu  both  on  top  ae 
ID  the  uDdBtudx  ol  the  up  ud  ii  either  wind  propelled  or  power  driven.  All  ventilaton  miut  keep  out  rain.  Boc 
i«ve  slBBft  tope  ftod  luimit  lieht.  Dampere  should  be  provided,  nod  a  type  ohoeen  tbnt  wiU  ptpvent  buck  dral 
Inotlier  type  of  dr^t  te«iiiAtion  is  a  Blidln^  eleeve.  uid  with  thit  type  a  £lu*  top  ia  ueed.  Thia  ileeve  can  be  raiei 
IT  lowered  by  loeui*  of  a  oord  numinc  over  a  pulley. 


Fia.  396.— Typoi  of  ventilalora. 


WALLS 

Bt  Fsbderice  Jobmce 

196.  HsBoniy  Walla  Below  Grade. — Concrete  is  used  perhaps  more  exteiuively  than  any 
other  material  for  walls  below  grade.  The  foims  are  made  of  1  or  2-tn.  lumber  reinforced  with 
2  or  4-in.  scantling  as  the  case  may  require.  Safe  allowable  bearing  preaaures  on  walls  for  the 
concrete  mixtures  commonly  used  are  as  follows,  assumii^  Portland  cement  concrete: 

1-2-4  concrete 350  lb.  per  sq.  in. 

1-3-5  concrete 300  lb.  per  sq.  in, 

1-3-6  concrete 250  lb,  per  aq.  in. 

The  common  construction  is  to  employ  concrete  curtain  walls  12  in.  thick  between  the 
wall  columns  and  in  addition  to  reinforcing  them  vertically,  to  lake  the  earth  pressure,  to  place 
rods  near  the  bottom  of  the  wall  so  as  to  make  the  wall  carry  itself  as  a  beam  from  footing  to 
footing. 

For  buildings  of  moderate  height,  stone  is  often  used 
for  walls.  This  is  very  economical  when  a  local  stone  can 
be  obtained.  Stones  should  be  laid  with  cement  or  lime 
and  cement  mortar,  carefuly  bedded  in  a  full  bed  of  mortar 
and  worked  around  untU  a  full  solid  bearing  is  obtained. 

The  use  of  brick  for  exterior  walls  below  grade  is  gradu- 
ally becoming  less  on  account  of  the  additional  cost  over 
that  of  a  concrete  wall.  Brick  used  for  walls  are  hard- 
burned  common  brick,  Itud  up  in  time  and  cement  mortal. 
Brick  walk  should  not  be  less  than  12  in.  thick. 

In  small  rcMdence  construction,  a  hollow,  vitrified, 
salt  glazed  tile  has    come  into  use  for  basement  walls. 

These  tile  ore  S  in.  wide  16H  i".  long  and  8  in.  thick,and  are  laid  with  broken  joints  like  stone 
ashlar.  Special  tile  laid  vertically  are  used  for  comers.  If  they  con  be  obtained  at  the  local 
yard,  they  are  more  econonucal  than  brick  or  concrete. 

The  queation  of  wBterprooGnc  walb  below  pide  against  moieture  and  dampneu  >•  *  very  important  one.  A 
description  of  the  variou*  nwthoda  ia  given  in  Bent.  h.  Art.  29. 

II  the  walk  below  crade  form  the  aidea  of  rooma  that  are  to  be  decorated.  Mi  inner  tile  wbU  ihould  be  built, 
leaving  an  aii  apBcs  between  that  and  the  outer  wall,  aa  ihown  in  Fia.  SBfl.  At  the  bottom  ol  thia  apaee  a  futter 
should  be  formed  pitched  to  drain,  so  aa  to  carry  off  any  moisture  that  might  paaa  through  the  outer  wall.  In 
erecting  these  tile  walii  the  lower  two  courses  of  the  tile  ahould  be  laid  on  an  aaphalt  bed  to  prevent  moiatun 
paaioc  up  by  c^>tUaiy  attiactioD  and  cauaini  the  tils  to  disint«trate. 
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197.  Masonry  Walls  Above  Grade. 

197a.  Concrete  Walls. — The  use  of  solid  concrete  for  walls  above  grade  ii  r 
generally  considered  advisable  on  account  of  the  cost  of  form  work,  the  tendency  of  cononf '. 
absorb  moisture  and  cause  damp  walls  on  the  inside,  and  also  on  account  of  the  diffirakr^ 
treating  them  in  an  architectural  manner.  To  overcome  these  objections  many  fonisM. 
shapes  of  hollow  cement  blocks  have  been  made.     These  are  usuall>  laid  up  like  cut  stone. 

1976.  Brick  Walls. — The  use  of  brick  for  walls  above  grade  is  oonadend  i> 
best  and  most  economical  for  masonry  walls.  On  street  fronts  and  on  cxposfHl  sides  wfaeifc 
architectural  effect  is  desired,  the  exterior  surface  of  the  wall  should  be  faced  with  a  pRs: 
brick.  In  residence,  church,  or  other  work  where  large  wall  surfaces  can  be  treated,  a  vbiw 
of  effects  can  be  secured  by  the  use  of  tapestry  brick,  pavers,  and  bricks  varying  in  ahade;a^ 
by  using  color  in  the  mortar  for  the  joints.  Other  effects  may  be  produced  by  laying  thebir^ 
in  various  bonds,  such  as  the  Cross  Bond,  Flemish  Bond,  etc.,  as  shown  in  Figs.  297. 9. 
299,  and  300,  also  by  laying  alternate  courses  of  wide  and  narrow  brick  as  shown  in  Fig.3C. 
When  this  is  done  the  narrow  course  should  be  a  darker  brick.  Effects  can  also  be  secured  by  oai 
full,  raked,  pointed,  and  tool  joints  as  shown  in  Fig.  302.  In  raking  out  a  joint  it  is  custaair 
to  rake  the  horizontal  joints  only.  Brick  work  is  also  sometimes  laid  up  with  very  wide  jcir^ 
and  gravel  used  in  the  mortar,  as  shown  in  Fig.  303.  When  this  is  done,  wood  blocks  or  mea 
clips  must  be  set  in  to  prevent  the  load  from  crushing  out  the  mortar  as  the  work  progreaBa. 
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Fio.  297. — Common  bond. 
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Fxo.  298. — EngliBh  bond. 


^=B=^ 


^S^ 


^^^ 


I 


I 


IZI 


EZZ 


m 


nn: 


me 


m 


n 


l—L 


n 


TUL 


I 


Fig.  299. — ^Flemish  bood. 
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Fig.  300. — ^Engli^h  cross  bond. 
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FiQ.  301. — Alternate  wide  and  narrow  brifk 


PluBHJbhi 


^ 


Jbfrif  GrooMBJMnf  DeodJolnf      Raked  Joint 


Fio.  302. — Joints  in  brick  work. 
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Fig.  303. — Brick  laid  in  wide  gravel  mortar  j: 


A  great  deal  of  care  and  judgment  should  bo  used  in  the  selection  of  brick  for  the  purpose  intended.  Ft 
instance,  in  a  locality  that  is  free  from  smoke  and  soot,  a  brick  with  varying  shades  can  be  used  effectively:  idtfr  s 
dirty,  smoky  places  it  is  better  to  use  a  paver  or  some  smooth-faced  brick  that  the  rain  will  wash.  Again,  in  roea 
or  in  alleys  a  white  enamel  brick  is  desirable  to  reflect  light  into  the  building.  White  enamel  beick  afaoaJd  ahniB 
be  laid  with  a  very  narrow  full  joint.  The  advantage  of  this  brick  is  that  it  can  be  washed  when  it  beoomn  4bs^ 
Enamel  brick  should  be  burnt  in  one  fire  so  as  to  make  the  chemical  change  in  the  body  and  the  glaae  aimnltsjiroa 
In  the  dry  process  where  the  brick  is  first  burned  and  the  enamel  is  applied  and  then  fired  again,  the  bond  m  ^v^ 
and  a  pulling  or  chipping  of  the  enamel  occurs.  Enamel  brick  are  best  cleaned  with  an  alkaline  sohitioB,  sach  ■ 
caustic  soda  or  sodium  carbonate.  This  cleans  the  enamel  and  does  not  effect  the  cement  or  lime  mortar  is  # 
joints. 

Pter  Construction, — Since  the  introduction  of  the  skeleton  type  of  construction  and  ai* 
in  the  pier  type  of  building,  the  elevations  are  often  designed  to  produce  a  Gothic  effect,  wbid 
is  a  natural  manner  to  express  this  type  of  construction.     In  doing  this  the  brick  work  follois 
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closely  the  form  of  the  column,  and  the  epandrcla  or  spaces  between  the  columns  are  treated 
either  in  plain  brick  or  in  pattern  brick  panels.  In  this  type  of  wall  construction  the  use  of 
Bteel  shelf  angles  on  the  columns  at  the  door  levels  is  recommended  (see  Fig.  304).  This  not 
aloae  prevents  wall  cracks  but  on  large  work  enables  the  buUden  t«  run  two  crews  of  brick 
layen,  one  at  the  bottom  and  one  half  way  up  on  the  structure.  In  this  construction  of  the 
spaDdrel  a  steel  angle  is  necessary  on  which  to  carry  the  face  brick.  This  angle  can  be  left 
exposed  on  the  bottom  in  slow  burning  and  n)ill  buildinga,  as  shown  in  Fig.  SOS,  but  should  be 
covered  with  a  fireproof  material  in  fireproof  buildingH  (see  Fig.  306). 

Corbela  and  Ledget.  — In  slow-burning  and  mill  constructed  buildings,  and  often  in  ordinary 
construction,  it  is  well  to  corbel  out  and  form  ledges  to  support  the  joist  or  floor  construction. 
This  not  alone  allow  sthe  joist  to  fall  out  without  tearing  down  the  wall  in  case  of  a  fire,  hut  also 
prevents  smoke  and  small  fires  from  traveling  into  the  next  story  above  by  passing  between  the 
w&ll  and  the  floor  construction.  Corbels  and  ledges  should  project  at  least  4  in.  out  from  the 
fftce  of  the  wail  as  shown  in  Fig.  307. 


Erection  o}  Brick  Wall*. — In  the  erection  of  masonry  walls,  no  wall  should  at  any  time  be 
carried  up  more  than  two  stories  above  another  wall  of  the  same  building  on  account  of  the 
danger  of  an  uneven  loading  on  the  building  foundations,  the  lack  of  a  continuous  bond  around 
the  entire  structure  and  also  the  danger  of  a  heavy  wind  storm  throwing  the  wall  out  of  line. 

Bond  in  Brick  WalU.—la  laying  common  brick  in  walls,  every  fifth  course  should  bo  laid 
as  a  header  to  form  a  proper  tie  through  the  wall.  In  face  brick  two  headers  and  a  stretcher  or 
their  equivalent  should  be  laid  in  every  sixth  course  to  form  a  proper  bond  between  the  face 
brick  and  the  common  brick. 

Brick  SilU. — -Bricks  are  often  used  for  window  sills  in  brick  walls  in  place  of  stone  or  other 
material,  in  order  to  produce  the  desired  architectural  effect  and  sometimes  to  save  time  and 
money.     Brick  used  for  sills  should  be  vitrified  brick  laid  in  cement  mortar  and  laid  ss  a  header 

Paraph  tFoC». ^Parapet  walls  should  be  erected  around  all  flat  roof  buildings  as  a  fire  stop 
to  prevent  fires  from  traveling  from  one  roof  to  another;  also  to  prevent  water  from  the  snow 
from  running  down  and  ruim'ng  the  building  walls  and  from  falling  down  on  people  passing  on 
the  walks  below.  Parapet  walls  should  be  at  least  18  in.  high  on  the  street  fronts,  and  36  is. 
high  on  the  lot  line  and  for  dividing  walls,  It  is  a  good  practice  to  face  the  inside  of  all 
walls  with  a  vitrified  brick  to  prevent  disintegration  from  moisture  absorbed  from  the  snow,  which 
lies  banked  against  it  during  the  winter  months.  Sections  through  parapet  walls  are  illus- 
trated in  the  chapter  on  "Cornicee  and  Parapet  Walls." 

Mortar  for  Brick  Wallt. — Mortar  to  be  used  for  brick  walls  is  usually  determined  by  the 
load  to  be  carried, 

Strets  AUotoed  on  Brick  Work. — The  follwing  table  taken  from  the  Chicago  Building  Ordi- 
nance gives  the  safe  load  per  square  inch  allowed  on  brick  work: 

Pkvios  briokr~l  part  PorUuid  M 

Pn«ad  brick — 1  put  Portland  oenieDt  to  3  pBTta  und 350  lb.  per  v),  in. 

Hani  common  hIscI — 1  part  Pi     ~      ~ 
Common  brick — AU  sradea — Portland  tamcnt  i 

Good  lime  aj 

Qood  lim«  m 


e  aod  cement  mortar 

IM  lb. 
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Weight  of  Brick  Work  in  Common  Brick  WcUU: 

9-in.  brick  wall 83  lb.  per  sq.  ft. 

13-in.  brick  wall 120  lb.  per  sq.  ft. 

17-in.  brick  wall 160  lb.  per  sq.  ft. 

21-in.  brick  wall 195  lb.  per  sq.  ft. 

Wall  Thickneaaea. — Although  wall  thicknesses  for  brick  walls  are  determined  by  the  a^ 
stress  allowed  per  square  inch  on  the  brick  work,  yet,  from  common  practice,  certain,  ak 
definite  rules  have  been  fixed  upon.  The  table  and  rules  given  below  do  not  recognize  encloss 
walls  less  than  12  in.  thick.  Walls  8  in.  thick  have  been  erected  and  have  stood  up  for  a  ousJr 
of  years,  but  it  is  not  recommended  that  they  be  used  in  general  practice. 

Table  Showing  Wall  Thicknesses  in  Inches  for  Enclosinq  Brick  Walis 


Bamt. 


6 


Oneatory... 
Twoatory.. 
Three  story. 
Four  story. . 
Five  story. . 

Six  story 

Seven  story. 
Eight  story. 


12 

1 
1 

16 

12 

12 

V 

16 

16 

12 

12 

20 

20 

16 

16 

12 

24 

20 

20 

16 

16 

16 

24 

20 

20 

20 

16 

16 

16 

24 

20 

20 

20 

20 

16 

16 

16 

24 

24 

24 

20 

20 

20 

16 

16 

u 


Walls  less  than  50  ft.  long  can  be  built  4  in.  less  in  thickness  than  called  for  by  the  above  table,  except  tksr  s 
no  case  should  brick  walls  be  built  less  than  12  in.  thick.  Brick  walls  in  elevator  or  stair  ahafts  need  noti 
16  in.  in  thickness  nor  its  upper  50  ft.  exceed  12  in.  in  thickness.  Where  masonry  buttresses  or  piers  or 
occur,  walls  may  be  reduced  in  thickness  by  one-half  of  the  projection  of  the  buttress  or  pier,  but  no  wafl  sboald  k 
reduced  to  less  than  12  in.  in  thickness  and  no  12-in.  wall  should  be  less  than  30  ft.,  and  no  16-in.  wall  higher  tha 
50  ft.  Buttresses  or  piers  should  be  at  least  M  o  fts  wide  as  the  space  between  them.  Buttresses  and  pieaaie 
pilasters  should  be  so  placed  as  to  receive  the  principal  girders  and  trusses. 


197c  Brick  Walls  Faced  with  Ashlar. — In  the  case  of  brick  walls  faced 
stone,  granite,  terra  cotta,  or  other  ashlar,  this  facing  should  be  considered  aa  part  of  theviS 
for  the  purpose  of  carrying  weight,  unless  every  second  course  b  a  bond  course  extendof 
back  into  the  wall  a  distance  of  at  least  8  in.  In  addition  to  this  it  is  well  to  tie  each  jasctid 
ashlar  back  with  two  galvanized  iron  anchors.  No  ashlar  should  be  less  than  4  in.  in  thicknoB. 
nor  should  the  height  of  any  piece  of  ashlar  be  more  than  20  in.     As  a  general  rule  the  bikk 
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Fig.  308. — Coursed  ashlar  with 
same  siae  blocks. 


FiQ.  309. — Coursed  ashlar  with 
wide  and  narrow  courses. 


FxQ.  310. — Coursed  ashlar 
with  header  blocks. 


backing  for  ashlar  should  be  laid  in  a  cement,  or  lime  and  cement,  mortar.  Where  tern 
cotta  is  used  for  ashlar,  it  is  made  as  a  hollow  block  formed  with  inside  webs  to  gain  strength 
and  prevent  warping  while  it  is  being  burned.  The  hollow  space  in  terra  cotta  ashlar  dso 
allows  an  opportunity  for  the  brick  to  form  a  bond  by  extending  into  these  spaces. 

Ashlar  Jointing. — Of  the  many  wa3rs  of  jointing  granite,  stone,  or  terra  cotta  ashlar,  tbr 
couraed  aahlar  as  shown  in  Fig.  308  is  perhaps  the  cheapest  and  most  common,  as  the  blocb 
can  be  made  or  quarried  all  of  the  same  size.  Another  form  of  couraed  aahlar  is  shown  in  F^ 
309.     In  this  method  the  courses  alternate  with  a  wide  and  narrow  course.     This  can  also  be 
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aried  by  the  use  of  a  small  header  course  as  illustrated  in  Fig.  310.  When  a  stone  of  uniform 
cannot  be  obtained  from  the  local  quarry  or  when  it  is  necessary  to  produce  a  varied  or 
^Mxaie  interested  form  of  jointing,  what  is  known  as  broken  ashlar  is  used.  This  form  costs 
Kiaore  and  also  requires  more  time  to  lay.  It  is  made  up  of  4,  6,  8,  10,  12  and  14-in.  pieces, 
^us  shown  in  Fig.  311,  or  in  4,  8,  and  12-in  pieces,  as  shown  in  Fig.  312.  Another  form  of  ashlar 
often  used  is  what  is  known  as  random  coursed  ashlar,  shown  in  Fig.  313.  In  this  type  the 
joints  A,  B,  and  C  carry  through  in  a  straight  line. 

Asldar  Finish  for  Stone  Work. — Perhaps  the  first  step  in  stone  work  finish  is  the  rock  face 
( !Fig.  314),  the  face  of  the  stone  being  left  rough  as  it  came  from  the  quarry.  Next  comes  the 
x*ock  face  with  the  margin  line  finished  with  a  chisel  (Fig.  314).  Then  the  stone  is  given  the 
Mproaehed  finish  (Fig.  314) — ^that  is,  the  surface  is  dressed  level  and  continuous  grooves  are  left 
it;  this  might  be  called  the  first  step  toward  the  tooled  finish.     The  tooled  finish  is  done  with 
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a  wide  flat  chisel.  This  is  a  very  common  finish  for  sandstone  and  limestone.  Tooling  is  done 
in  6,  8,  or  10  cut,  measuring  6,  8,  or  10  grooves  to  the  inch.  For  finer  work  than  the  tooled  sur- 
face a  rMyed  finish  is  used.  This  is  done  by  taking  a  stone  when  first  sawed  and  placing  it  on 
a  revolving  bed,  then  rubbing  the  face  with  a  soft  stone,  water,  and  sand. 

Other  forms  of  surface  finish  for  stone  ashlar  are  rough  pointed  (Fig.  315),  fine  pointed  (Fig. 
315),  drove  work  (Fig.  316),  crandalled  (Fig.  317),  patent  hammered  (Fig.  317),  bush 
hammered  (Fig.  318),  etc. 

Ashlar  Finish  for  Concrete  Blocks, — As  concrete  blocks  are  a  cast  product,  they  can  have  the 
face  finished  in  almost  any  of  the  surface  finishes  used  for  stone  work.  Herein  is  one  of  the 
great  objections  to  cast  concrete  as  ashlar.  In  stone  work  an  individuality  and  interest  in  the 
wall  surface  comes  in  that  no  two  stones  are  alike,  while  in  concrete  each  piece  is  like  its  neighbor 
making  a  rather  monotonous  effect. 

Finish  on  Terra  Cotta  Ashlar. — In  the  making  of  terra  cotta,  a  variety  of  finishes  can  be  had 
in  the  surface  itself  and  also  in  the  glaze  and  color.  At  first  terra  cotta  was  only  made  in  one 
color,  which  was  the  natural  red  color  of  the  burnt  clay ;  now  it  can  be  secured  in  almost  any 
color  or  combination  of  colors  and  effects  that  may  be  desired. 

Painting  of  Ashlar  Work. — When  stone  or  granite  is  used  for  ashlar  or  for  trimmings,  it 
should  be  painted  on  the  back  and  on  the  edges  to  within  1  in.  of  the  face  with  a  black  water- 
proof paint  to  prevent  discoloration  from  cement  and  moisture. 
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Brick  WcUU  Faced  with  Cement  Blocks. — In  addition  to  the  use  of  stone,  granite,  or  tenarobi 
for  ashlar,  a  cast  cement  block  in  imitation  of  stone  is  also  often  used.  It  has  the  advmntaB 
over  stone  in  that  molded  and  ornamented  pieces  can  be  produced  at  a  less  expense  than  tk 
same  work  could  be  cut  in  stone.  It  does  not,  however,  make  as  interesting  a  wall  fraa  ic 
architectural  standpoint  as  stone,  granite,  or  terra  cotta. 

197d.  Damp  Proofing  of  Walls. — All  masonry  walls  above  grade  that  are  toll 
plastered  on  the  inside  should  be  given  a  coat  of  damp  proofing,  so  that  the  moistuie  wiD  nt 
come  through  and  stain  the  plaster.  This  precaution  is  not  so  necessary  if  the  walls  are  to  be 
furred  and  lathed  on  the  inside  before  being  plastered. 

1976.  Furring. — Furring  for  interior  walls  to  be  plastered  can  be  done  isf 
Ji  X  2-in.  wood  furring  strips  set  vertically  to  which  the  wood  lath  are  nailed  to  receive  the 
plaster;  or  by  a  2-in.  tile  furring  scored  for  plaster;  or  by  V-shaped  metal  furring  to  which  the 
metal  lath  are  wired. 

197/.  Brick  and  Tile  Walls. — In  late  years  walls  have  been  erected  in  lesideiiea 
and  country  clubs  made  of  hollow  burnt  clay  tile  with  a  brick  veneer  facing.  This  gives  a  h^ 
wall  with  an  air  space  and  an  inside  surface  that  can  be  plastered  on  direct.  In  this  tjp 
of  construction  a  narrow  course  of  tile  should  be  used  about  every  third  course  so  u  la 
permit  the  brick  to  enter  tnto  the  wall  and  form  a  bond. 

197^.  Tile  and  Plaster  Walls. — Perhaps  one  of  the  cheapest  masonry  walfetk? 
can  be  built  for  small  buildings  is  a  tile  wall  plastered.  The  tile  should  be  scored  both  sides k 
that  both  the  exterior  and  interior  plaster  will  form  a  good  bond.  Buildings  of  this  type,  tvt 
stories  or  more  in  height,  should  be  erected  in  the  skeleton  form  of  construction  so  that  the  & 
will  be  used  only  as  a  filler.  Tile  for  such  walls  should  be  at  least  12  in.  thick  and  laid  to- 
tically  so  as  to  develop  its  full  strength.  Lintels  over  windows  and  door  openings  can  be 
formed  by  means  of  tile  arches,  or  the  tile  work  can  be  carried  on  steel  lintel  angles.  A  vaiietf 
of  effects  in  color  and  texture  can  be  obtained  in  the  plastering  of  the  outside  walls.  T3e  ■ 
walk  to  be  plastered  should  be  laid  with  broken  joints  similar  to  brick  work  so  as  to  ardi 
long  vertical  cracks  forming  in  the  plaster.  If  the  wall  is  to  have  box  frame  windows,  cts 
must  be  taken  to  secure  special  tile  shapes  to  receive  the  weight  box  and  also  to  form  a  1-k 
wind  break  at  the  head  of  the  openings.  The  inside  trim  can  be  secured  by  nailing  into  tkt 
joints  between  the  tile. 

191  h.  Frame  Walls. — The  most  common  form  of  wall  throughout  tbis  couatiy 
is  the  wood  frame  wall  constructed  with  2-in.  studs,  sheathing,  and  clapboard  or  shingles,  ud 
plastered  on  the  inside.     The  studs  are  2  X4,2  X6,or2  X8in.,  depending  upon  their  length  ani 
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Fia.  320. — Detail  showing  studs  reetinc 
on  plate  on  top  of  joist. 
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resting  on  wall  plate. 


the  load  to  be  carried.  These  studs  are  spaced  either  12  or  16  in.  on  centers  which  is  determined 
by  the  length  of  the  lath.  On  the  outside  of  the  studs  is  nailed  the  sheathing  which  is  ?i  ia 
thick,  matched  and  dresst  d  on  one  bide;  then  a  layer  of  paper  is  put  on;  and  finally  the  dip> 
boards  or  shingles.  On  the  inside  are  the  lath  and  over  this  the  plaster.  A  2->in.  plate,  tbe 
width  of  the  studs,  is  nailed  to  the  top  to  provide  bearing  for  the  rafters.  At  the  bottom  a 
plate  is  required  on  top  of  the  joist  to  form  a  bearing  for  the  studs  (see  Fig.  320).  Sometimo^ 
however,  the  studs  are  extended  down  to  the  sill  under  the  joist  as  shown  in  Fig.  321. 
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Studding. — ^Formerly  a  great  deal  of  pine  was  used  for  studding,  but  owing  to  the  scarcity 
knd  high  cost  of  pine,  hemlock  and  spruce  have  taken  its  place.  Material  used  for  studding 
ihould  be  clear  and  free  from  shakes  and  large  knots. 

Sheathing. — Sheathing  is  now  made  entirely  from  hemlock  or  spruce.  Sheathing  should 
>e  nailed  to  each  stud  with  two  eight  penny  nails.  To  give  additional  bracing  to  the  house, 
(beathing  is  very  often  nailed  on  diagonally. 

Building  Paper. — The  use  of  building  paper  between  the  sheathing  and  the  clapboards 
>r  shingles  is  very  desirable  as  the  wood  in  the  wall  shrinks  which  forms  cracks  through  which 
»he  wind  finds  its  way.  Building  or  sheathing  paper  should  be  tough,  elastic,  and  impene- 
trable to  moisture  or  air.  A  tar  paper  is  not  recommended  as  the  oil  in  the  paper  soon  evapo- 
rates and  leaves  the  paper  very  brittle  and  soft.  Paper  is  usually  put  on  horizontally  with  at 
least  a  2  or  3  -in.  lap.  If  additional  protection  is  required,  a  sheathing  quilt  can  be  used.  This 
is  somewhat  more  expensive. 

Clapboard  or  Siding. — Siding  is  usually  of  two  kinds — beveled  and  drop  siding  (see  Fig. 
322).  Drop  siding  is  often  molded  as  shown.  As  beveled  siding  is  cut  with  a  saw  from  the 
circumference  to  the  center  it  is  a  quarter-sawed  piece  of 
Lumber  and  hence  shrinks  very  little  after  it  is  in  use.  Drop 
siding  is  a  plain  sawed  material  and  hence  will  shrink.  The 
most  durable  material  for  siding  or  clapboard  is  cypress  or  red- 
wood. Soft  pine  has  been  used  a  great  deal  but  owing  to  the 
scarcity  of  the  material  it  has  gone  almdst  out  of  use.  Clear 
spruce  is  also  used,  but  it  is  not  so  good  as  pine  or  C3rpress. 
Siding  is  sometimes  nailed  directly  to  the  stud  without  a 
sheathing,  but  this  is  not  desirable  as  it  does  not  give  the  build- 
ing secure  enough  bracing  nor  does  it  make  it  warm  enough  in  the  winter.  A  priming  coat  of 
paint  should  always  be  given  the  siding  as  soon  as  it  is  finished,  as  this  will  ke^p  the  sim  from 
warping  it  and  in  a  measure  prevent  shrinkage. 

Wall  Shingles. — Shingles  are  often  used  on  vertical  exterior  walls,  sometimes  as  a  matter 
of  economy  but  generally  to  produce  an  architectural  effect.  Shingles  make  a  warmer  wall 
covering  than  siding  as  they  are  three  thicknesses,  while  siding  is  only  one.  Shingles  on  wall 
surfaces  are  laid  the  same  as  for  roof  surfaces.  Shingles  should  always  be  dipped  in  creosote 
stain  before  they  are  used.  To  produce  a  rustic  effect  a  long  hand-made  shingle  called  a  shake 
is  used.     These  can  only  be  obtained  in  certain  localities. 

197i  Wood  and  Plaster  Walls. — In  wood  and  plaster  walls  the  studs,  sheathing, 
and  paper  are  used  the  same  as  above  described  for  frame  walls.  The  walls  are  then  prepared 
for  plastering  by  the  use  of  furring  and  lath»  If  wood  furring  strips  are  used,  they  are  generally 
made  of  %  X  2-in.  material,  12  or  16  in.  on  centers,  and  nailed  on  vertically.  The  wood  lath 
are  nailed  over  this  furring,  the  same  as  for  interior  plastering,  and  then  the  surface  is  plastered. 

197;.  Brick  Veneer  Walls. — Wood  and  brick  walls,  or  brick  veneer  walls  as  they 
are  called,  are  quite  common  for  dwellings.  They  have  an  advantage  in  that  they  give  the 
appearance  of  a  brick  building  at  a  very  small  expense.-  A  lower  rate  of  insurance  can  also  be 
secured  on  this  type  of  construction.  If  properly  constructed,  they  make  a  very  warm  building. 
The  brick  is  laid  as  a  4-in.  facing  1  in.  away  from  the  sheathing,  so  as  to  produce  an  air  space. 
The  brick  in  veneered  buildings  are  held  to  the  frame  work  by  means  of  metal  ties  placed  on 
every  other  brick  in  every  fourth  or  fifth  course.  Brick  work  over  window  or  door  openings 
should  be  carried  by  means  of  small  lintel  angles. 

IVlk,  Sheet  Metal  Walls. — For  sheet  metal  walls,  what  is  known  as  corrugated 
siding  is  used.  This  siding  is  made  in  sheets  with  ^,  1H>  2,  2}^,  3,  and  5-in.  size  corrugations 
and  in  length  of  5  to  12  ft.  This  siding  is  set  vertically  with  a  1-in.  lap  at  the  bottom  and  one 
corrugation  at  the  side.  Siding  can  be  secured  in  black,  painted,  or  galvanized,  and  for  special 
work  a  rustless  siding  is  made  by  immersing  the  metal  in  an  asphaltic  compound  and  then 
covering  the  surface  with  a  covering  of  pure  asbestos  felt  laid  over  the  hot  asphalt  and  forced 
into  it  under  pressure.  This  forms  a  sheet  that  is  gas  and  fume  proof.  Corrugated  metal 
siding  can  be  used  over  a  wood  or  steel  frame  work  as  the  case  may  require.     If  nailed  to  wood, 
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the  nails  should  be  driven  in  the  trough  of  each  alternate  corrugation  about  2  in.  abore  ik 
lower  end  of  the  sheet  which  will  be  1  in.  above  the  top  end  of  the  under  sheet.  The  side  \g^ 
unless  very  long  sheets  are  used,  need  not  be  nailed.     If  the  siding  is  attached  to  a  sheet  fncx 

work,  then  special  clips  at 
used  and  the  siding  scrvk 
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Fia.  323. — Corner  plan  showing  patent  molded  steel  walls, 
detail  plan  giving  a  general  idea  of  this  type  of  construction. 

198.  Party  Walls. — A  party  wall  is  a  dividing  wall  used  or  intended  to  be  used  by  botk  d 
the  adjoining  property  owners.  It  is  generally  centered  on  the  lot  line.  Before  a  party  will  i 
constructed,  a  definite  written  agreement  should  be  made  between  the  two  property  ownes 
defining  very  clearly  the  rights  of  each  to 
the  use  of  the  wall;  the  thickness,  height,  NmcvHatiparfy  ^^ 
and  depth  that  the  wall  is  to  be  con- 
structed; and  the  right  to  underpin  and  to 
increase  its  height.  It  is  customary  for  the 
owner  who  builds  first  to  pay  for  the  entire 
cost  of  the  wall  and  then  when  the  adjoining 
property  owner  decides  to  build,  to  have 
him  pay  the  first  owner  one-half  of  the  cost 
of  the  wall,  this  cost  being  based  on  the  cost 
of  labor  and  material  at  the  time  the  second 
owner  decided  to  make  use  of  the  wall. 
Party  walls  are  made  about  the  same  thick- 
ness as  the  enclosing  walls.  Some  city  ordi- 
nances require  these  walls  to  be  4  in.  thicker 
than  enclosing  walls,  while  others  permit 
them  to  be  constructed  4  in.  thinner.  The 
party  wall  has  the  advantage  over  the  line 
wall  in  that  it  permits  of  a  balanced  footing, 
saves  ground  space,  and  is  more  economical, 
as  both  parties  share  the  cost  of  same. 
Opem'ngs  in  party  walls  should  have 
thorough  fire  protection  to  prevent  the  fire 
from  going  from  one  building  into  the  other. 
It  is  customary  to  have  self-closing  fire 
'jfoors  on  each  side  of  the  wall.  These  doors 
should  have  fusible  links  and  close  by 
gravity  or  by  weight. 

In  the  case  of  an  existing  party  wall  in  which 
the  new  building  is  to  have  the  same  or  less  base- 
ment level,  and  in  which  the  height  of  the  new  build- 
ing is  not  to  exceed  the  one  on  the  other  side  of  the 
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party  wall,  the  problem  is  a  very  simple  one.  If  the  party  wall  is  comparatively  new,  it  may  not  need  asT^si 
more  than  patching  up  in  places,  so  that  the  new  plastering  can  be  done  directly  on  the  wall;  or  if  tbe  wall  bestn^i 
uneven  it  can  be  furred,  lathed,  and  plastered;  or  a  new  tile  wall  can  be  erected  against  the  old  wall  torecciiviki 
plastering.  Frequently  the  basement  of  the  new  building  is  at  a  lower  depth  than  the  wall,  in  which  esae  8  c 
necessary  to  imderpin  the  party  wall  and  carry  it  down  to  the  necessary  level.     If  the  new  skdeton  boildinK  ■  <" 
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extend  op  ibove  the  pratnt building,  it  may  be  necoui?  to  cut  Ebue*  in  the  old  waU  to  receive  the  mil  cohlimu: 
Uien  tbe  wall  may  remain  aa  ilitandi  and  a  new  tile  partition  ia  built  parallel  to  the  old  wall  to  tMCivE  the  plaater. 
The  additional  beifbt  may  then  be  carsd  lor  u  a  curtain  wall,  either  aa  a  line  or  party  wall  (aee  Fit.  324). 

IM.  Curtain  W«Us. — In  buildinge  of  the  skeleton  type  of  construction  the  outer  masonry 
walls  are  supported  in  each  story  by  means  of  spandrel  girders  and  therefore  only  carr>  their 
own  weight. 

On  alley  and  lot  line  exposures  the  curtain  walls  should  be  constructed  of  12  in.  of  brick 
to  secure  the  proper  fire  protection.  In  street  walls  where  large  windows  occur  the  spandrel 
below  the  window  may  be  constructed  of  12  in.  of  brick,  i—  *  '- 
brick  facing  backed  with  8-in.  fire  clay  tile,  or  4^in.  tern 
backed  with  8  in.  of  brick  or  tile.  Spandrels  below  wind< 
also  constructed  of  reinforced  concrete.  In  such  cases  a  mil 
tliicktiess  of  8  in.  of  concrete  should  be  used.  Theee  apand: 
oft«n  reinforced  to  act  as  the  upper  part  of  the  wall  beam,  I: 
usual  method  ia  to  consider  this  portion  separate  from  th( 
and  merely  reinforce  with  small  rods  or  wire  fabric  so  as 
vent  cracks.  If  this  is  done,  the  spandrels  may  be  put  i 
the  main  structural  parts  have  been  cast,  which  saves  timf 
erection  of  the  building  and  allows  the  use  of  more  care  in  i 
ing  a  neat  finish  on  the  fq>andrel  walla.  Reinforced  cone 
well  adapted  to  construction  of  walls  that  require  consii 
strength  but  for  ordinary  curtain  walls  and  for  spaudrele 
windows  they  are  more  expensive  than  brick  on  account 
cost  of  forma. 

200.  Walls  for  Cold  Storage  BitUdings. — In  the  consti 
of  walla  for  cold  storage  buildings,  the  ability  to  resist  m 
and  the  transmission  of  heat  is  of  the  greatest  importance 
insulating  value  of  the  structural  wall  need  not  be  conaidt 
this  is  taken  care  of  by  cork  or  lith  lininga.  If  permitted 
city  ordinances,  perhaps  the  best  method  for  constructing  t 
walls  ia  with  brick  and  hollow  tile,  aa  shown  in  Fig.  325. 
vitrified  brick  is  recommended  on  account  of  its  ability  t 
moisture.  These  brick  should  be  bonded  into  the  tile  aa 
It  will  be  noted  that  the  exterior  wall  is  eonatructed  c 
separate  from  the  interior  frame  work,  and  are  tied  toget 
means  of  galvaniied  anchors.  In  wall-bearing  types  of  build- 
ings, an  insulation  can  be  effected  hy  carrying  the  insulating 
materials  around  the  ends  of  the  girdera  (see  Fig.  326).  In  con- 
structions of  this  type  the  flooring  should  stop  against  the  wall 
insulation  aa  shown.  Another  method  of  masonry  wall  construc- 
tion is  a  double  brick  wall  with  the  space  between  filled  with  gran- 
ulated cork  (see  Fig.  327).  In  this  case,  wall  ties  are  also  necessary  Fm.  3ZG.— Deiaila  of  brick  and 
to  hold  the  structure  together.  *"'  ™'''  "™*'  ""' 

201.  Wall  Insulation  and  Partition  Deadening. — For  the  purpose  of  insulating  walls  to 
keep  out  the  cold,  and  for  the  deadening  of  partitions  between  apartments  or  studios,  the  best 
material  now  in  use  that  can  be  secured  at  areasonablepriceisaquilt  made  of  cured  eel  grass 
stttehed  between  two  layers  of  tough  paper.  This  quilt  is  manufactured  by  the  Samuel  Cabot 
Co  .  Boston,  Mass.  As  the  bladm  of  grass  cross  each  other  at  every  angle,  they  form  small  dead 
air  cells  which  prevent  the  air  from  circulating  so  that  heat  conduction  is  prevented  and  soimd 
waves  deadened.  This  quilt  is  made  3  ft.  wide  and  in  rolls  of  250  sq.  ft.  each.  It  ia  made  in 
single,  double,  and  triple-ply.  The  aingle-ply  ia  sufficient  for  lining  houses,  double-ply  is 
used  for  sound  deadening,  and  triple-ply  ia  used  for  cold  storage  and  other  work  where  unusual 
conditions  prevail.  This  quilt  is  also  made  with  waterproof,  and  with  asbestos  paper.  Figs. 
328  to  333  inclusive  show  various  methods  of  using  quilt  as  deadener  and  for  insulation. 
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303.  Vault  CoaatnictiOD. 

303a.  Vaults  in  Fireproof  Buildings.— -In  m 

tan  type,  the  vaults  act  ba  additional  fire  protection  only  i 
thickness  and  st  other  times  of  two  thicknebsee  nith  an  ail 
gtart  on  the  floor  construction  and  extend  to  the  ceiling. 


udern  fireproof  buildingb  of  UwA4 
Lod  the  walls  are  madeofbutiratt 
space  between.      Theee  walli  riant 


Fio,  32B.— Wall  besrii 


>.  337.— Double  bncli  w 


J1  Ineulation  vitb  Fio.  3ZB,— Wall  iniulalion  k 

a  ot  quilt.  ons  lay«r  of  (guilt  on  atuds  For  e 

■ids  pluler  walls. 


quilt  Dl 

2026.  Vaults  in  Mill,  Slow-burning,  and  Ordinary  Constructed  Buildinct.— ^ 
the  fire  hazard  increases  it  becomes  more  necessary  to  protect  the  contents  of  the  vault.  Tbn 
in  buildings  of  this  class,  the  walla,  floors,  and  ceilings  of  the  vault  are  made  of  heavy  muoorr^ 
and  the  vault  walls  rest  on  foundations  independent  of  the  building,  so  that  in  case  the  buSdlM 
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is  destroyed  by  fire  the  vault  will  remain  standing  intact.  Walls  for  vaults  of  this  type  should 
be  constructed  of  either  brick  or  concrete,  built  so  as  to  form  an  air  bpace,  or  the  walls  and  ceil- 
ing should  be  lined  on  the  inside  with  hollow  tile.  It  is  very  necessary  to  have  a  strong  ceiling 
over  these  vaults  to  withstand  any  damage  that  may  be  caused  by  falling  timbers  or  adjoining 
brick  walls. 

In  reeent  yean  a  great  many  vaults  have  been  built  to  store  small  quantities  of  oils,  varnishes,  etc.  These 
vaults  should  have  self-closing  fire  doors  and  have  the  door  sills  at  least  6  in.  above  the  floor  so  that  in  case  of  a  leak 
in  a  barrel  the  vamith  or  oil  will  not  run  out  and  permit  the  fire  to  travel  back  into  the  vault.  Vaults  of  this  kind 
should  also  have  vents  when  possible;  care  must  be  taken  to  protect  these  vents  with  self-closing  louvres. 

202c.  Bank  and  Safety  Deposit  Vaults. — Vaults  in  banks  and  safety  deposit 
companies  should  have  burglar  proof  features  as  well  as  being  constructed  to  withstand  fire. 
When  possible  it  is  well  to  have  the  vault  stand  free  from  adjoining  walls  so  that  when  the  watch- 
man makes  his  rounds  he  can  inspect  all  si  deb  of  it.  The  walls  should  be  constructed  of  brick  with 
steel  linings  or  of  concrete  heavily  reinforced  with  steel.  In  some  cases,  walls  are  not  alone  con- 
structed of  reinforced  concrete  but  also  have  steel  linings.  Steel  linings  for  vaults  are  made  of 
t^  o  or  more  thicknesses  of  chrome  steel  about  }^  in.  thick  and  erected  with  lap  joints.  Walls 
for  ordinary  small  banks  are  now  usually  made  of  12  in.  of  concrete  reinforced  ^ith  3^-in. 
round  steel  wires,  2-in.  mesh,  one  mesh  set  1  ^  in.  from  the  inside  of  the  wall,  and  another  mesh 
1  ^^  in.  from  the  outer  surface  of  the  wall.  The  floor  and  ceiling  of  the  vault  should  also  be  rein- 
forced in  a  similar  manner.  A  wall  of  this  kind  will  require  about  $  hr.  to  penetrate,  which  is 
the  usual  length  of  time  set  on  the  door  time  clock.  Special  1-in.  square  bar  reinforcements  should 
be  set  in  the  wall  at  the  hinge  side  of  the  vault  door  to  properly  carry  the  weight  of  the  steel  door. 
This  reinforcement  should  be  carried  up  and  through  the  vault  roof  slab  and  turned  down  on  the 
other  side.  To  protect  the  contents  of  a  vault  from  dampness,  the  walls  are  often  lined  with 
4  in.  of  brick  having  an  air  space  between  the  lining  and  the  vault  wall.  This  air  space  should  be 
carefully  ventilated. 

PARTITIONS 
Bt  Frederick  Jounck 

203.  Partitions  in  Mill,  Slow-burning,  and  Fireproof  Constructed  Buildings. — Partitions 
or  dividing  walls  in  mill,  slow-burning,  and  fireproof-constructed  buildings  are  not  generally 
required  to  support  a  load,  but  to  serve  the  purpose  of  dividing  a  space  into  rooms.  Therefore, 
such  partitions  need  have  only  sufficitot  strength  to  carry  their  own  weight  and  be  rigid  enough 
to  withstand  ordinary  horizontal  thrusts.  The  materials  employed  should  be  light,  incombusti- 
ble, and  poor  conductors  of  heat.  If  the  space  to  be  enclosed  is  to  be  fireproof,  the  doors  and 
windows  in  the  partitions  should  be  self-closing  and  be  made  of  incombustible  material,  glazed 
with  wire  glass.  For  ordinary  office  partitions,  dividing  the  office  from  the  corridor  or  the  re- 
ception room,  the  lower  3M  ft.  is  usually  made  of  an  incombustible  material  and  the  upper  part 
of  a  fixed  wood  and  glass  partition,  with  movable  transoms  to  permit  ventilation  of  the  rooms. 

203a.  Brick  Partitions. — Partitions  around  elevators  and  stair  shafts  in  slow- 
burning  and  mill  constructed  buildings,  and  partitions  around  boiler  room  and  coal  storage 
space  in  all  commercial  t3rpes  of  buildings,  are  usually  constructed  of  brick.  When  walls  of 
th*s  material  are  used  to  enclose  the  elevator  shaft  in  ordinary  mill  and  slow-burning  buildings, 
they  form  a  means  of  support  for  the  overhead  elevator  machine  ry.  When  used  to  enclose 
stairways  in  a  building  of  the  slow-burning  type,  they  form  a  safe  means  of  exit  in  case  of  fire. 
All  openings  in  these  partitions  should  be  protected  with  incombustible  doors  or  windows. 
Brick  partitions  aroimd  boiler  rooms  and  cold  storage  spaces  prevent  the  spreading  of  fires 
that  often  occur  in  such  places.  Partitions  constructed  of  brick  are  also  used  for  dividing  large 
buildings  into  small  areas  to  reduce  fire  risks,  also  round  shipping  platforms  to  withstand  the 
hard  usage  from  trucks  and  boxes.  Openings  in  walls  enclosing  shipping  platforms  and  in  ^alls 
dividing  the  building  into  smaller  areas  should  be  carefully  protected  with:  steel  jamb  guards. 
Partitions  constructed  of  brick  should  be  at  least  12  in.  thick.  Brick  for  partition  work  should 
be  good,  hard-burned,  kiln-run  common  brick,  laid  in  lime  and  cement  mortar. 
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2035.  Concrete  Partitions. — Partitions  of  stone  concrete  of  the  same  tJuckaa 
as  those  of  brick  are  sometimes  used  in  place  of  brick,  but  the  cost  of  fomi  work  often  bmp 
the  cost  of  the  wall  above  that  of  brick.  Concrete  for  partitions  should  be  mixed  in  the  |in|»- 
tion  of  1  part  cement,  3  parts  sand,  and  5  parts  stone — stone  to  be  no  larger  than  wiD  pm 
through  a  ?i-in.  ring.  If  concrete  is  used  for  partitions  around  very  large  coal  storage  spMo. 
it  is  often  necessary  to  reinforce  same  with  the  proper  amount  of  steeL  In  certain  localitB  i 
hollow  cast-concrete  block  is  used  which  makes  a  fairly  satisfactory  wall.  These  blo^  m 
generally  made  by  a  local  company,  so  that  in  competition  with  other  materials,  they  cube 
sold  for  less  money  on  account  of  the  saving  in  freight.  They  have  the  advantage  over  uAi 
concrete  walls  in  that  they  can  be  taken  down  and  changes  made  in  the  arrangement  of  the  roor 
with  less  difficulty. 

Solid  conorete  partitioii  walls  may  be  made  3  or  4  in.  thick  if  reinforoed.     Extra  rods  should  be  placed 
edces  of  all  openings,  and  rods  should  project  into  the  floor  and  ceiling  for  anchorage.     It  is  usually  coo 
pour  the  concrete  after  the  floor  is  laid,  and,  where  partitions  are  not  located  under  beams,  this  may  be 
leaving  a  slot  in  the  floor  at  the  proper  place.     A  solid  conorete  wall  4  in.  in  thickness  mak 
resisting  partition,  but  is  heavy  and  difllcult  to  instalL     For  this  reason  metal  lath  and  plaster,  tile,  and 
blocks  are  generally  used  in  preference  to  concrete. 

203c.  THe  Partitions. — Partitions  of  hollow  tile  made  of  burnt  clay  are  genenTT 
used  around  offices  and  rooms  in  slo^v -burning  and  mill  constructed  buildings,  and  also  amac 
stairs  and  elevator  shafts  in  fireproof  buildings.  Hollow  tile  for  partition  work  of  this  kim!  i 
very  desirable  and  no  better  material  can  be  had.  The  tile  block  is  usually  12  x  12  in.  squw 
and  3,  4,  6,  8,  or  12  in.  thick.  Tile  to  be  used  in  partitions  to  be  plastered  is  scored.  HieS^L 
tile  is  used  in  office  and  room  partitions  up  to  12  ft.  in  height.  Partitions  more  than  12  ft 
high,  and  partitions  around  stairs  and  elevator  shafts,  are  usually  4  or  6  in.  in  thicknesB.  TW 
larger  tile  are  generally  used  in  long  dividing  walls.  Tile  for  partition  work  should  be  a  gooc 
hard-burned  clay  tile,  laid  vertically  so  as  to  develop  full  strength  and  carefully  wedged  in  it 

the  ceiling.  For  partitions  that  are  to  be  plastered  a  tile  sbodd 
-  ,..  be  selected  that  has  not  been  warped  in  burning,  so  as  to  penan 
^  __      of  an  even  coat  of  plaster  over  the  entire  surface.       Care  sho^ 


Sfop 
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'^Hbodbuck 
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also  be  taken  in  selecting  tile  that  will  not  cause  plaster  staiss-x 
pop  marks.  To  avoid  this  it  is  well  to  secure  a  material  froci 
plant  that  has  been  in  operation  for  some  time  and  observing  Uk 
material  after  it  has  been  in  use  a  year  or  more.  On  acooiiDtflf 
changes  in  offices,  tile  partitions  are  now  often  laid  directly  a 
top  of  the  wood  floor.  Wood  bucks  at  doors  and  other  openings  are  required.  These  boeb 
are  sometimes  nailed  into  the  joints  or  wood  strips  bedded  in  the  joints,  or  they  are  msd^ 
wider  than  the  partitions  and  channeled  out  to  receive  the  tile,  as  shown  in  Fig.  331 
Necessary  furring  strips  nailed  into  the  joints  to  receive  the  wood  base,  picture  mold,  tad 
chair  rail  should  be  set  before  the  plastering  is  applied. 

The  weights  per  square  foot  of  standard  tile  partitions  are  given  in  the  accompanying  table. 

Weight  of  Tile  Partition  s 


Weight  per  square  foot 

Sise  of  tile 

Weight  per  square  foot 

plastered  both  aides 

(in.) 

(pounds) 

(pounds)                   ' 

3 

13 

21 

4 

16 

23 

6 

22 

30 

8 

28 

36 

10 

34 

42                          1 

12 

36 

43 

As  a  general  rule,  a  hard-burned  tile  weighs  less  than  a  porous  or  semi-porous  tile,  as  the  thickness  of  the 
can  be  made  less.     Mortar  for  tile  work  should  be  composed  of  1  part  Portland  cement  to  3  parts  clean,  sharp 
^— lime  not  to  exceed  10  %  by  volume. 
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208d.  G]rp8tim  Block  Partitions. — In  recent  years  a  partition  made  of  calcined 
g3rpsum  mixed  with  fiber  and  molded  into  a  block  shape  has  come  greatly  into  use.  These 
blocks  are  made  solid  or  hollow,  12  in.  wide,  30  in.  long,  and  3,  4,  5,  6,  and  8  in.  thick.  They 
are  laid  in  regular  courses  breaking  joints  as  in  brick  work  and  are  set  in  lime  mortar.  The 
gypsum  block  partition  is  not  as  fireproof  nor  will  it  stand  as  great  a  horizontal  thrust  as  a  tile 
partition,  but  it  has  an  advantage  of  being  lighter  in  weight  and  also  an  advantage  in  that  open- 
ings can  be  cut  in  the  partition  with  a  saw.  The  cost  of  this  partition  is  also  a  trifle  less  than 
tile.  The  usual  wood  bucks  at  openings  and  grounds  for  trim  are  required  the  same  as  for  tile 
partitions. 

The  weight  per  square  foot  of  gypsum  block  partitions  is  given  in  the  following  table. 


Weight  op  Gypsum  Block  Partitions 


Weight  per  square  foot 

Weight  per  square  foot 

Sise  of  block 

(pounds) 

plastered  both  sides 
(pounds) 

3  in.  hollow 

0.9 

17.9 

3  in.  solid 

12.4 

20.4 

4  in.  hollow 

13.0 

21.0 

5  in.  hollow 

15.6 

23.6 

6  in.  hollow 

16.6 

24.6 

8  in.  hollow 

22.4 

30.4 

808e.  Expanded  Metal  and  Plaster  Partitions. — A  thin  partition  of  plastei 
applied  to  metal  lath,  making  a  solid  partition  about  2  in.  thick,  is  often  used  around  small 
offices  and  toilet  rooms  in  factories  of  slow-burning  or  mill  construction.  This  type  of  parti- 
tion is  light  in  weight  and  a  trifle  less  expensive  than  any  form  of  tile.  The  difficulty  of  cutting 
openings  makes  them  rather  undesirable  in  partitions  that  need  to  be  changed  often.  The 
metal  and  lath  partition  is  usually  constructed  of  vertical  1-in.  steel  channels  set  12  or  16  in. 
on  centers,  bent  and  punched  at  the  ends  for  nailing  to  floor  and  at  ceiling.  At  the  openings 
a  1  X  1-in.  angle,  punched  so  that  the  wood  buck  can  be  screwed  on,  is  used.  Over  these  studs  a 
metal  lath  is  stretched  and  wired  to  the  studding  with  galvanised  wire.  Groimds  are  secured 
to  the  lath  by  means  of  staples.  Plastering  is  first  a  scratch  coat  on  one  side,  a  brown  coat  on 
each  side,  and  then  the  white  coat  on  each  side  for  finishing.  The  weight  of  this  partition  is 
about  17  lb.  per  bq.  ft. 

804.  Partitions  in  Non-fireproof  Buildings. — Partitions  or  dividing  walls  in  non-fireproof 
buildings,  are  often  required  to  support  a  light  load,  so  as  to  reduce  the  span  of  the  joists  above. 

204a.  Wood  and  Plaster  Partitions. — For  such  buildings  as  residences  and 
small  stores,  hotels,  offices,  etc.,  where  the  question  of  fire  risks  is  not  a  strong  factor,  the  most 
common  form  of  partition  is  the  wood  stud,  lath,  and  plaster  partition.  The  studs  arc  either 
2  X  4  in.  or  2  X  6  in.,  spaced  12  or  16  in.  on  centers.  On  these  studs  are  nailed  wood  lath,  and 
over  the  lath  the  plaster  is  applied.  Lath  made  of  pine,  spruce,  or  hemlock  are  used.  They 
should  be  straight  grained  and  well  seasoned.  The  regular  size  of  lath  is  H  X  1)^  in.  and  4  ft. 
long.  This  length  regulates  the  spacing  of  the  studs.  The  lath  are  nailed  on  in  parallel  rows 
about  }^  in.  apart  with  3  penny  nails  to  enable  the  plaster  to  form  a  key.  To  prevent  cracking 
the  lath  are  laid  with  broken  joints  at  every  seventh  or  tenth  lath.  Over  the  lath  the  plaster 
is  applied  either  in  two  or  three  coats,  as  may  be  required.  The  necessary  grounds  to  receive 
the  trim  should  be  nailed  on  before  the  plastering  is  done.  The  weight  per  square  foot  of  wood 
and  plaster  partitions  is  given  in  the  table  on  p.  622. 
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Wbioht  of  Wood  and  Plabtbb  Pabtitions 


(incba) 

Spuinf  of  •Iiidl 

Weight  of  puUlioa  pw  u^m     ' 
(pound.) 

2X* 

3X8 
2X« 

13 

12 
IS 

IS 
17 

IS 

3046.  Expanded  Hetal  tnd  PUstm  Paititions. — Expanded  metal  aad  jdM 
partitions  are  sometimea  used  in  noo-fireproof  buildingB,  constructed  as  described  in  An.  JBi 
Metal  lath  over  wood  atuds  are  also  sometimea  used.  It  is  seldom  that  any  special  idvulip 
ia  gained  by  the  use  of  such  partitions  in  non-fireproof  buildings. 

S04e.  Sound  DeadenN'S  for  Partitiona. — -To  prevent  the  sounds  from  imhi 
through  the  building  by  the  full  contact  of  the  partitions  with  the  floor  construction,  aei 
saddles  with  felt  cushions  are  made  to  carry  the  partitions.  In  the  case  of  wood  partiticnOr 
bottom  plate  rests  in  the  cradle,  but  with  tile  partitions  a  wood  buck  is  first  laid  to  renircib 
tile. 

Mid.  Wall  Board  PartltionB. — Wall  board  for  partition  work  is  a  built-upiad 
fiber,  bonded  together  with  a  moisture-resisting  cement.  It  is  approximately  ^t  in-  'W, 
32  and  48  in.  in  width  and  comes  in  lengths  Irom  6  to  12  ft.  It  can  be  painted  or  tmtediitk 
calcimine,  but  it  cannot  be  papered. 

S04e.  Plaster  Board. — Plaster  board  is  a  fire  resisting  material,  competed  i 
alternate  layers  of  calcined  gypsum  and  fibrous  felts.  It  is  nailed  direct  to  the  stud  and  ^ 
ered  over.  It  comes  in  J^,  %,  and  H  in.  thickness  and  in  sheetn  32  X  36  in.  It  cu  ifaDh 
used  in  constructing  2-in.  solid  piaster  partitions  in  place  of  metal  lath. 

304/.  Llth  Partltloua. — A  thin  sound-proof  partition  can  be  made  of  Z  X  hi 
wood  studding,  set  sideways,  and  the  space  between  built  up  with  Uth.  ODeachsidec^tls  I 
core,  the  metal  lath  and  plaster  are  applied.  Lith  board  is  made  18  is.  wide  and  48  in.  b( 
It  contains  80%  of  rock  wool  and  20%  of  flax  fibers,  two  materials  of  high  insulating  vilue.     I 

306.  Partltlona  in  Cold  Storage  Buildings. — The  essential  thing  to  be  considetedioUi 
construction  of  partitions  in  cold  storage  buildings  is  insulation.  The  construction  is,  thentn. 
usually  determined  by  the  amount  of  insulation  required. 


Fio.  337,— Tile  and  «A  barf 

F^.  335  shows  a  partition  constructed  of  2  K  4-in.  woodstudsset  flat,  the Bpacefraini^ 
to  stud  being  filled  with  2-in.  cork  boards.  Both  aidee  of  this  core  are  lathed  with  plvuii' 
wire  lath,  and  plastered.  If  the  plastering  is  not  desired,  matched  and  dressed  bosrd&cu'' 
used ;  in  which  case  a  waterproof  paper  should  be  used  between  the  cork  and  the  bouds.  ^ 
cork  boards  should  also  have  an  asphalt  joint  at  each  stud  to  prevent  the  passage  of  ur.  U 
336  shows  a  double  cork-board  partition,  the  boards  cemented  together  with  cement  noriv 
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The  sides  of  this  partition  are  also  lathed  and  plastered.  In  cheaper  types  of  construction  the 
metal  lath  is  omitted  and  the  plastering  is  applied  direct  on  the  cork.  These  partitions  can  be 
Brect«d  to  a  height  of  12  to  14  ft. 

Whan  tila  ia  uwd  far  putitiong.  It  la  si 
plHter  ona  aide  and  on   the  Dther  lid 
morUr  to  hold  the  cork  boaidi.    Over 
Kwt  of  plaiter  ia  applied.    Oflen  It  ii 
two  Isyen  ol  2^.   oark.  u  ahoffn  in  Fig.  337.     Thla 

ia  required.     PorUand  eamaiit  mortar  ahould  be  uasd  to 
bold  the  cotk  to  the  tile. 

In  the  ereoUon  oF  partltiona  in  eoM  atorage  build- 
up that  an  to  receive  aalt  meata,  care  muai  be  takeo 
U>  UM  M  littls  iron  M  pooible,  ae  the  aalt  will  loon  nut 
ind  est  it  away.  Copp"  naila.  anohon,  etc.,  and  brann 
yt  bnaa  hardware  ahould  be  uaed  for  thia  kind  ol  work. 

SOe.  Ptrtitloii  Finishes.— The  most  com- 
mon and  satisfactory  finish  for  partitions  is 
piaster  finished  with  either  two  or  three  coats, 

)s  the  case  may  require.     Patent  pastor  is  now  ,  ^, , 

n  general  use  and  inatructions  for  applying  this  P,q_  333, 

ire  given  by  all  manufacturers. 

For  WBJDBCot  work  in  public  halla,  oorrldora.  and  toilet  nwnii,  no  better  niBterial  can  be  secured  than  ntiuble. 
H  in.  thick.  Marble  ahould  be  Kt  with  Hne  plaatcr  of  Parii  joints  and  eecurely  anchcrcd  into  the  partiliomi 
rlth  luatal  uohon.     For  waliucot  in  kitcheaa,  bath  rooma.  etc..  a  whit«  glaied  Ule  ia  uied  a  great  deal.     Theae 
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Fla.  336.— Detaila  ol  marble  and  atete  toilet  alall  partitioni. 
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Fia.  340. — Detaila  of  wood  panel  toilet  room 

L  more  economical  material  tor  wainarnt  to  take  the  place  ol  tile  i>  Knce'a  cement,     Tbia  cement  can  be  jointrd 
nd  paiiited  wiifa  an  ename]  fimeli  ao  aa  to  ptoduw  a  very  aervjceable  aurfaee.     In  placet  that  require  the  walla  tc 
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be  Bonibbed,  an  clastic  sanitary  composition  similar  to  that  used  for  floors  is  often  u«ed. 
not  require  paint,  it  can  be  cleaned  with  a  scrub  brush  and  washing  powder. 


Am  tbi»  maloUdai 


207.  Toilet  Room  Partitions. — The  main  consideration  in  the  confltruction  of  toilet  nm 
partitions  is  to  secure  a  serviceable  material,  and  to  so  design  the  partitions  as  to  make  ihatm 

sanitary  as  possible.  The  most  desirable  material  and  ik 
the  most  expensive  is  marble.  For  this  purpose  iht  itik 
Italian  or  the  Tennessee  grey  is  more  generally  used,  i 
more  economical  material,  and  one  used  a  great  deal  c 
industrial  work,  is  black  slate.  Slate  can  be  Becuied  in  the 
same  thickness  and  size  slabs  as  marble. 
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Fig.  341. — Detail  of  2  X  4  and  beaded 
ceiling  partition  for  toilet  room  stalls. 


^  In  the  construction  of  marble  and  slate  toilet  room  pttrtitaoai.  ttt 

front  stiles  (1^  in.  thick)  should  extend  to  the  floor.  The  back  anl  ad 
partitions  should  also  extend  to  the  floor  and  have  a  come  maibk  bw 
so  as  to  make  the  corners  easy  to  clean.  The  dividing  partitaoa  ihgdi 
be  set  10  or  12  in.  above  the  floor  and  shotild  not  be  as  high  as  tbcfroe 
or  back.  The  backs  for  water  closet  stalls  should  be  set  awsj-  fnn  tb 
wall  BO  as  to  allow  ample  pipe  space,  and  should  extend  up  at  kasc  7  ft. 
6  in.,  so  as  to  conceal  the  flush  tanks  (see  Fig.  338).  Over  the  p^i 
space  should  be  set  a  removable  shelf,  ^  in.  thick,  so  that  the 
be  dosed  up  and  kept  clean.  The  marble  and  slate  for  partitioae 
be  held  together  with  dowels  so  as  to  avoid  as  much  metaJ  work  as  pi» 
sible.  In  certain  classes  of  industrial  work,  the  front  doors  and  stiles  are  omitted  and  the  dividing 
made  very  low  so  as  to  give  the  attendant  complete  supervision  of  the  room.  In  detail  of  this  kind,  pipe  i 
are  necessary  as  a  frame  work  to  hold  the  marble  or  slate  together.  Wood  paneled  partitions  made  of  oak 
and  varnished,  make  a  good  partition  for  less  expensive  grades  of  buildings.  Where  wood  is  used  for 
work,  the  backs  ehould  be  set  on  a  hollo wrtile  base — the  hollow  tile  to  form  a  back  for  the  sanitary  cove 
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FiQ.  342. — Details  of  metal  toilet  room  stall  partition. 

In  recent  years  a  partition  has  been  made  of  sheet  steel  and  used  a  great  deal  in  factory  work.  This  typi  i 
partition  should  always  be  carefully  painted  so  that  it  will  not  met.  The  cheapest  partition  for  toilet  room  itafe 
is  the  2  X  4-in.  stud  partition  filled  with  matched  and  headed  ceiling.  Details  of  toilet  room  partitioDa  aic  ina 
in  Figs.  338  to  342  inclusive. 


CORNICES  AND  PARAPET  WALLS 
Bt  Frederick  Johnck 

808.  Cornices. — After  the  main  walls  of  a  building  are  erected,  about  the  first  item  tbt 
receives  the  finished  treatment  is  the  cornice.  The  details  given  here  are  not  so  much  toiDiV' 
trate  architectural  design  as  to  show  the  construction  features  of  the  various  types  of  conuta 
and  the  manner  of  providing  bupports  for  the  material  used. 

fig.  343  illustrates  an  ordinary  wood  box  cornice  and  the  manner  in  which  this  types 
constructed.  The  rafters  are  continued  out  over  the  building  and  lookouts  are  nailed  to  thai 
so  as  to  form  nailing  pieces  to  carry  the  wood  soffits.  In  this  type  of  work  the  sheet  meUl 
lining  is  carried  up  under  the  shingles  as  shown  on  the  drawing. 
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In  Fig.  344  is  shown  anothet  form  of  wood  cornice  with  a  bheet  metal  hanging  gutter.  In 
'this  case  the  wood  lookouts  are  cut  in  some  omamentai  form  and  nailed  to  the  aide  of  the  roof 
r&fters.  The  hanging  gutter  haa  the  advanti^^  over  the  box  t>'pe  in  that  it  can  be  more  easily 
vvplacred  when  it  is  rusted  out. 

Figs.  345  and  346  illuatrale  wood  cornices  on  masoniy  walla.  The  rafters  rest  on  and  are 
nailed  to  a  wood  plate  which  is  firmly  anchored  into  the  wall.     Wood  lookouts  are  built  into 


It  Raxborouch, 


Fio.  3M.— Wood™.-.™- ~~ ~. 

■  '  £r" 

the  masonry  and  secured  to  the  end  of  the  ratters  to  form  nailing  blocks  tor  the  wood  soffit. 
In  Fig.  345  is  ahown  a  standing  gutter,  a  t3'pe  of  gutter  used  a  great  deal  in  early  colonial  work. 
Nailing  blocks  should  be  built  into  the  masonry  so  that  the  lower  sections  of  the  cornice  or 
freeze  can  be  properly  secured  in  place.  Wood  for  cornices  should  be  white  pine  or  cypress, 
and  should  be  carefully  painted  with  a  priming  coat  as  soon  as  the  wood  work  is  in  place. 

When  it  is  not  possible  to  afford  a  stone  or  terra  cotta  cornice,  a  sheet  metal  one  is  often 
used  as  illustrated  in  Fig.  347.  These  cornices  are  supported  on  wood  lookouts  built  into  tlie 
masonry.  The  top  and  end  of  the  lookouts  are  sheathed 
as-shown  in  the  illustration  to  form  a  straight  edge  and  also 
to  secure  proper  nailing  surface  for  tbe  sheet  metal.  Addi- 
tional reinforcements  back  of  the  moldings  are  sometimes 
necessary;  these  are  made  with  galvanized  or  wrought  iron 
strips  ss  the  case  may  require. 


Tia.  34fl.-Del.il  of  wood 
brirk  wall.       (Cornice  on  In 

depend 

on                            Fla.  347.— Details  ol  iheet  niel«l  romiee. 
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cotU  earal«  used  on  reinroreed  eoncrete  buildincs  and  ahowe  the 

of  uiehange  o(  the  tern  ootta 

to  the 

maaonry  and  the  lintel  over  the  windcw  to  the  ihelf  angle  which  ia 

nto  the  concieM  work.     luMtr* 

oniice  work  the  brick  ehould  be  built  into  the  voida  ol  tha  blocka  aa  ind 

In  the  deuJk. 

In  Fig.  M9  ia  .honn  >  Hon 

comi 

«  and  the  manner  in  which  the  varioua  blocka  an  aeeuied  in  place 

with  bbck  waterproof  paint  to  prevent  mobturt  it 
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Fm.  351.  Fia.  352.  Flo.  353.  Fia.  3M. 

209.  Parapet  Walls. — The  main  points  to  be  conaidcrcd  in  thetreatment  of  parapftwini 
are  (1)  the  top  finish  or  coping,  (2)  the  treatmenton  roof  side,  and  (3)  the  flaehinK.  f^.  U\ 
shows  a  aimple  brick  parapet  wall  with  a  brick  coping  and  a  metal  strip  Tor  flashing.  Tbebrict 
for  coping  should  be  a  hard  vitrified  brick  and  be  laid  in  a  full  cement  mortar  joint.  ThemrUl 
btrip,  used  for  flashiog  just  above  the  roof  line,  conaisis  of  a  roofing-felt  strip  folded  intoamrul 
board  and  set  into  the  brick  joint.     These  metal  strips  are  also  secured  into  the  brick  work  aiik 
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galvaniied  bent  hooks.     The  roofing  is  brought  up  under  the  roofing  strip  the  s&me  as  under  s 
regular  ci^>  flashing. 

Fig.  3S2  illustrates  a  parapet  wall  with  a  stone  coping  and  a  raggle  or  flashing  block  above 
the  roof  to  receive  the  flashing.  The  stone  coping  extends  over  the  brick  wall  and  is  cut  with 
a  drip  on  the  inside  and  outside.     The  flashing  or  raggle  block  is  a  hard  ^ 

burned  clay  block  with  a  slot  to  receive  the  cap  flashing,  as  illustrated.  -E^ 

This  detail  also  shows  a  splay  block  at  the  roof  line  so  as  to  prevent  the  \ 

sharp  turn  of  the  roofing  in  the  comer. 

In  Fig.  353  is  shown  a  parapet  wall  with  a  salt  glaze  tile  coping,  and 
another  form  of  raggle  or  flashing  block.  The  tile  coping  ia  made  with  a 
iiub  so  as  to  form  a  lap  joint. 

Hg.  354  illustrates  a  terra  cotta  coping  for  parapet  walla  and  the 
ordinary  cap  flashing  over  the  roofing.  Cap  flashing  should  be  carefully 
painted  on  both  sidcb  before  it  ia  put  in  place. 

For  the  tmtment  of  punipct  walls  on  the  root  aide  Iha  beat  ayatom  ia  the  um  of  vitriAFd 
briok,  u  oomnion  brink  often  dijiinUsgratca  due  to  thn  moiature  from  anow  being  buked 

■«minit  it  in  winter.      Pmrspet  wdUb  ara  slao  often  trentod  on  the  toM  aide  with  n  coat  

of  uphaltum  when  the  roof  is  Isid.     If  tkia  ii  done,  they  ahuutd  re«ive  b  new  coat  every  p^g    ^^ 

Co&orate  li  iko  uied  for  panprt  tiU  eonttrui'tloii  in  Iicuiy  work,  Th< 
iaforoed  coocfete,  or  of  12  in.  of  pl^o  concrete.  For  the  proper  SaahinE  of  concrete  pdrnpet  wmlla  tl 
In  Fia.  3SG  bu  proven  uliafactory,  A  2  X  4-in,  piece  of  lumber  is  ripped  on  the  disaonal  uid  the 
formi  St  the  dcaired  height,  thn  upper  atrip  being  aerurely  nailed  thereto,  so  u  to  Inaure  ita  rerr 
form*  mre  taken  down.  Thb  lower  piece  ia  juat  tacked  to  forinii  (fnim  outAdel  «4th  wire  naila  drive 
chor  it  to  the  eoacreta.     The  fluhiog  sod  counlerflalhiug  are  then  plaeed  in  the  aame  manner  aa 
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WINDOWS 

Bt  FREnKRlCK  JORNCK 

210.  Wood  Windows. — In  Fig.  356  is  illustrated  a  box 
frame  for  double  hung  sash  to  be  used  in  frame  buildings. 
The  depth  of  the  wall  studs  determines  the  width  of  the  box. 
In  this  detail  the  exterior  wall  surface  is  shown  aa  aiding;  if 
plaster  is  used  it  may  be  neccaaary  to  increase  the  width  of 
the  trim  to  receive  the  furring,  lath,  and  plaster.  In  the 
construction  of  double  hung  windows,  the  pulley  stile  should 
be  mode  of  straight  grained  yellow  pine,  and  the  other  parts 
of  the  frame  of  white  pine  or  cypreea.  The  sash  vary  in 
thickness  from  IH  to  1^  in.  depending  on  the  width  of  the 
window  and  the  glass  used  in  glazing.  If  plate  glass  is  used, 
it  is  better  to  have  the  1^-in.  thickness  in  the  sash  to 
carry  the  weight.  The  exterior  trim  over  the  top  of  the 
window  should  be  flashed  with  metal  flashing  extending  up 
under  the  siding  as  illustrated.  At  the  bottom,  the  aiU 
should  be  undercut  to  receive  the  sidlng-or  exterior  covering 
BO  as  to  form  a  tight  joint. 

311.  Casement  Windows  in  Fnune  Walls.— In  Fig.  357 
b  illustrated  a  detail  of  casement  window  with  the  sash 
arranged  to  awing  out.  When  this  detail  is  used  the  screens 
must  be  placed  on  the  inside  and  the  sash  operated  with 
hardware  so  designed  that  the  sash  can  be  opened  without 
opening  the  screens.  This  detail  also  shows  the  inside  of 
the  jamb  veneered  to  match  the  trim  of  the  room.  In 
Fig.  3S7  is  also  shown  a  sash  detailed  to  swing  in.     This 
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permits  the  screen  to  be  placed  on  the  ouUide,  but  requires  the  curtains  to  be  Bccuied  dinnh 
to  tlie  aaah  instead  of  the  trim  as  is  the  usual  way.  In  detailing  the  sash  for  casement  *iiKk>n 
it  is  better  to  set  the  glass  in  wood  stops  so  that  the  glass  will  not  shake  out  if  the  « ind  tkalc 
slam  the  window  shut. 

313.  Basement  Windows  in  Masonry  Walls. — This  type  of  frame  is  often  called  i  pbi 
frame,  and  is  perhaps  the  simplest  type  used  in  building  construction.  The  jamb  i»  nudrW 
l?iin.  thick  lumber,  and  the  sash  1%  orl?ii  in.  as  may  be  required.  The  usual  metiodii 
operate  these  sash  is  to  hinge  them  at  the  top  to  swing  in  (see  Fig.  358). 


Flo.  358.— Jamb  of  buenkMit        Fia.  3Sfi. — Detoiti  of  bai  inmt  win 

213.  Box  Prsmss  In  Masonry  Wtlls. — This  frame  differs  in  construction  from  tbe  bo 
frame  in  frame  walls  in  that  it  is  a  complete  unit  set  into  a  masonry  wall  and  built  in  as  Ibenl 
is  constructed.  These  frames  should  be  carefully  calked  with  oakum  so  as  to  make  a  good  •i^ 
tight  job.  A  water  bar  is  used  in  the  siU  so  that  the  rain  will  not  drive  in.  This  watertnr 
should  be  cemented  into  the  raggle  of  the  stone  or  t«rTa  cotta  sill.  On  the  inside  it  is  ncMnuv 
to  block  out  the  frame  to  the  full  thickness  of  the  wall  so  ae  to  form  a  nailing  support  for  lir 
trim  (see  Fig.  359). 

314.  Steel  Windows. — Windows  made  of  rolled  steel  sections  have  come  into  great  nw  ^ 
factory  and  warehouse  work.  As  the  sash  sections  are  very  small,  these  windows  pMinit  U* 
maximum  amount  of  light  to  pass  through.  They  are  made  in  the  i;ount«rbalanced  vertio'h 
gliding  types,  [wrmitling  50%  ventilation;  in  the  triple  sasb,  permitting 66%  ventilatioii;  ud 
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in  the  pivoted  type  which  is  the  most  common.  The  question  of  being  able  to  wash  the  sash 
on  the  outmdc  should  be  given  great  consideration  in  the  selection  of  the  type  to  be  used.  It  is 
also  well  to  use  the  glass  in  as  large  a  section  as  possible  so  as  to  reduce  the  l^or  of  washing 
the  windows.  When  it  is  required  to  use  wire  glass  in  Steel  sash  in  walls  exposed  to  fire  risks, 
the  glav  should  be  set  in  special  approved  glaiiug  angles  as  required  by  the  Insurance 
Uuderwritera. 

218.  Hollow  Hetal  Windows. — Hollow  metal  windows  are  used  to  secure  proper  fire  pro- 
tection on  alley  or  lot  line  walls  (see  Fig.  361).     They  arc  made  of  22  and  24-gage  galvanised 
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Fia.  3S1.— Detaila  of  hollow  metal  wiodoim. 

iron,  or  of  20  oi.  copper,  and  glazed  with  wire  glass.  The  glass  rabbets  should  be  ^  in.  deep. 
The  frame  and  the  sash  should  be  made  with  as  few  parts  as  possible,  and  should  comply  with 
all  the  rules  of  the  Insurance  Underwriters.  When  muUions  are  required,  they  can  be  made 
with  »  5-in.  I-beam  enclosed  with  at  least  2  in.  of  concrete  or  other  fireproof  material.  These 
I-beams  should  be  securely  fastened  into  the  masonry  at  the  top  and  bottom,  but  proper  allow- 
ance should  be  made  for  expansion  and  contraction  when  heated.  Hollow  metal  windows  are 
made  double  bung,  both  sash  pivoted  at  sides,  and  top  Bash  pivoted  and  bottom  sash  fixed. 
Fig-  361  shows  the  method  for  trimming  hoUow  metal  windows  on  the  inside  of  the  waU. 
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216.  Doors  in  Residences. — For  residence  work  certain  types  and  sizes  of  doon  \m 
come  into  general  use.  Fig.  362  shows  the  general  arrangement  of  panels  now  in  conn 
Doors  <or  residences  arc  made  \%  and  l^'m..  thick  for  interior  work  sjid  2  and  2!^  in.  thicfc<!t 
entrance  doors  (see  Fig.  363).  Entrance  doors  are  usually  made  3  ft.  wide  so  that  futnituni 
be  taken  in.  Bedroom  doors  can  be  2  ft.  8  in.  wide  and  closet  doors  2  ft.  2  in.  wide.  Foi  btt 
rooms  it  is  customary  to  make  doora  2  ft.  6  in.  wide.  These  doom  are  made  6  ft.  8  in. 
in  height  depending  on  the  height  of  the  ceUing  in  the  room.  In  bed  room  closets,  a  full  lac 
mirror  is  sometimes  used.  These  mirrors  should  be  set  so  that  a  amall  space  is  allowed  bvtM- 
the  mirror  and  the  wood  back.  Interior  doors  generally  should  be  of  the  veneer  type,  <ki 
outside  doors  are  better  if  made  of  solid  wood  as  the  moisture  has  a  tendency  to  raise  the 
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The  veneer  for  inside  doors  ia  glued  to  a  built-up  core  or  over  a  two  or  three-ply  main' 
for  panels.  If  double  or  French  doors  are  used,  a  single,  or  double  astragal  is  very  necewi 
to  form  a  tight  joint  (see  Figs.  364  and  365).  Fig.  366  shows  the  detail  of  a  door  and  tn 
for  wood  and  plaster  partitions.  The  studs  are  double  and  the  finished  jamb  b  set  away  fna 
the  stud  so  as  to  have  room  to  wedge  the  door  up  plumb.  Thisdetail  shows  a  two-piece  tin; 
the  molded  section  is  called  the  back  band.  In  order  to  have  the  doors  swing  so  as  to  dof 
the  carpets  or  rugs,  a  threshold  ia  used,  as  shown  in  Fig.  367. 

217.  Office  Building  Doors. ^Wood  doois  for  office  buildings  may  be  divided  into  tn 
general  types — communicating  doore  and  corridor  doors  (sec  Fig.  368).  They  are  made  »iw 
either  single  or  double  panels.  The  two-panel  type  is  perhaps  the  Atost  common  and  to- 
viceable.  Both  panels  in  communicating  doors  between  offices  aremadeof  wood.  Hiese  dun 
are  usually  3  ft.  wide  and  7  ft.  high.  Corridor  doors  are  made  4  in.  wider  to  permit  lar^e  Mt 
and  other  pieces  of  furniture  to  be  taken  into  the  room.  The  upper  panel  in  corridor  duos 
should  be  of  maze  glass  so  that  the  corridor  will  have  the  proper  amount  of  daylight.  Tnt- 
oOiB  are  also  used  over  these  doors  so  that  the  office  can  be  ventilated. 

Very  often  in  oflice  building  work,  the  doois  are  made  with  split  jambs,  as  shown  in  fV. 
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369,     This  pennits  the  trim  to  be  secured  to  the  jamb  and  the  door  to  be  fitted  id  the  factory 
so  as  not  to  cause  any  delay  at  the  building. 

218.  Hospital  and  Hot«l  Doors. — Hospital  and  hotel  doors  are  often  mode  flush  panel, 
with  a  line  of  inlay  of  some  other  kind  of  wood  to  make  them  more  attractive  (see  Fig.  370). 
The  flush  panel  makes  a  very  sanitary  door  for  such  work,  as  there  are  no  moldings  to  catch 
the  duet  and  dirt.     These  doois  are  madelHui- thick  the  same  as  for  doors  in  office  buildings. 


Fto.  36fl. — Door  detul  tor  wcwd  mnd  pIsBlcr  partitton.  7ia.  3S7. — Sill  MctlDn. 

219.  Refrigerator  Doors  in  Cold  Storage  BulldingB. — Refrigerator  doors  for  cold  storage 
buildings  are  made  of  wood  and  insulated  either  with  cork  or  lith  (see  Fig.  371),  The  wood 
frame  or  buck  is  first  erected  similar  to  that  used  for  ordinary  doors  in  office  buildings.  The 
jamb  is  so  detailed  as  to  form  a  continuous  air  space  entirely  around  the  door.  This  is  usually 
done  with  a  felt  filler  which  forma  two  seals  of  contact  between  the  door  and  frame.  At  the 
bottom  of  the  door  another  piece  of  felt  is  used  which  fits  againat  the  cement  or  wood  sill  as  the 
case  may  be.     The  frame  for  these  doors  should  be  very  carefully  anchored  into  the  wallsoaa  to 


Section  ThruDgh  Dsor 
Via.  369. — Det4il  of  door*  for  office  tniildinci.  Flo.  STO. — Fluab  panel  doot  for  hotcli  and  hopitaia. 


properly  carry  the  weight  of  the  door.     On  account  of  the  salt  air,  in  meat  storage  buildings  it 
is  well  to  use  only  bronse,  brass,  or  white  metal  hardware  so  as  not  to  have  trouble  with  rust. 

230.  Cross  Horteontal  Folding  Doors. — For  shipping  room  doors  the  cross  horizontal 
folding  type  has  proven  very  satisfactory.  Doors  of  this  typo  are  made  of  wood,  sheet  steel, 
or  corrugated  steel  and  are  hinged  above  the  center  line  so  as  to  fold  up  like  a  jack  knife  (see 
Fig.  372).  They  can  be  operated  with  a  lift  on  the  bottom  rail  or  by  means  of  a  chain,  and  also 
by  a  chain  gear  if  they  arc  very  large.     The  doors  are  counterbalanced  with  iron  weights  which 
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slide  up  and  down  in  the  metal  weight  pocket.     If  tight  ia  desired,  it  is  beat  to  use  win  ^^ 
the  upper  panels,  as  ordinary  glass  would  break  if  the  Aooi  is  not  operated  with  care. 

831.  Steel  Doors. — Doore  made  of  plate  steel  reinforced  with  angles  (aee  Pig.  373) » 
used  a  great  deal  for  boiler  rooms,  coaletoragerooms,  pent  houses,  and  for  stair  doon  in  fuv 
and  warehouse  cooBtruction.  The  thickness  of  the  plate  varies  in  order  to  comply  withtb 
Underwritem',  union  trade  conditions,  and  city  ordinances.  For  certain  openiagi,  dm 
checks  to  close  the  doora  are  required  to  reduce  fire  risks.  Doors  of  a  similar  character  foctb 
purpose  are  also  made  of  corrugated  sbeetaofiW 
with  non-combustible  materials  between. 

For  Imrgs  oveaiagg,  door*  at  Uiia  trpc  BnakiBi^g 
•lido  on  gnvity  tncki,  and  >n  tued  on  botk  wlta  d  b 
wklh.     When  this  H  done  they  ahould  be  couitRn^M. 

ma  tofltand  open  mnd  be  equipped  with  fiuiblelifikiVDiiL«b 
nelf-dosini  In  cue  o[  Hie.     lathe  lua  ariteelftniliimv 

buildini  Im  of  the  locality  in  which  they  are  to  bt  wl 

'^''^^^cSTfS^^^  "**"'  ^^-  Kalwneined    Diwrs.— The  kaUiHuri 

door  (Fig.  374)  is  made  by  drawing  a  Ihin  irn 
of  metal  over  a  wood  core.  This  door  is  ohI  i 
great  deal  for  wire  shafts,  passenger  elevaUir  dooa 
etc.  The  trim  should  also  be  Kalameined  n  ■ 
to  afford  full  fire  protection.  As  these  dooneu 
he  hui«!  by  the  carpenter,  they  are  erected  a 
I  wood  bucks  as  shown  in  the  illuatration. 

323.  HoUow   Metal    Doors.— HoUow  mettl 

doors  (Fig.  375)  complete  with  jamb,  tiim  dn 

buck,  etc.,  are  commonly  used  as  doontoni 

shafts,    pipe    spaces,    passenger  elevston,  A. 

These  can  be  furnished  with  shop  coat  of  piiota 

can  be  supplied  with  a  baked  enameled  SnU. 

When  light  is  required,  the  glass  used  should  It 

wire  glass  so  as  to  resist  fire.     Panels  in  tin 

doors  are  often  made  with  H-io-  asbestos  bond. 

SM.  Preigbt  Elevator    Doors.— To  prwt 

Hill   I-./ .1,,.  accidents  and   to   provide   a   door  that  could U 

y^^J~L  »?far/tir     easily   operated   by  the  man   on   the  elevator,  i 

S«*;S™ii'i'&BmS^»or    ■l«ii<i«"idoo' divided  hori.o„l,llyi.  Ita  »» 

SO  that  one-half  could  slide  up  and  the  othnbiC 

Pio.  371.~Det«ilg  ot  refpiaerator  doots  in  cold      could  go   down  has  been  adopted  (see  Fir.  3761 

atocaie  buildiDRL  ^i^^  ^^^  ^^^  known  dooTB  of  this  tj-pe  ue  lb 

Meeker  and  the  Pellee.     These  doors  are  made  of  steel  sheets,  or  corrugated  iron  Elwa 

reinforced  with  steel  angles  and  tees.      They  are  made  semi -automatic  which  are  cloeed  ^ 

the  car  as  it  leaves  the  landing,  or  full  automatic  which  open  when  the  car  reacbM  lb 

landing  and  closes  as  it  passes  the  landing.     In  the  semi-automatic  type  it  is  well  to  pTDnli 

a  steel  gate  in  addition  to  the  door,  so  as  to  prevent  accidents  if  the  car  door  should  tc  I'*' 

open.     These  gates  should  slide  up  and  be  count«rbalanced.     Doors  for  elevator  slitA' 

should  bear  the  Board  of  Underwriters'  labels,  and  the  gates  should  be  approved  bf^ 

Casualty  Insurance  Companies. 

330.  Pyrona  Doors. — To  secure  a  wood  veneer  surface  over  a  fireproof  material  the  IV 
Process  Company  manufactures  a  door  which  has  a  fireproof  sheathing  banded  into  the  ^ 
core  over  which  the  wood  veneer  is  applied.  This  door  gives  all  the  appearances  of  i  n^ 
door  and  can  be  hung  by  the  carpenter.  It  is  used  for  wire  and  pipe  shafts  in  reaideBcaui' 
apartment  buildings.  The  trim  for  these  doors  can  be  treated  in  the  same  manner  as  lbed«« 
Fig.  377  shows  apyronadoordetailcomplcte  with  trim,  etc. 


vor  DncK  wall  rtirttrjonf 


S«c  8-226] 


STRUCTURAL  DATA 


633 


SS6.  H«Ul  cud  Doon. — The  metal  clad  door  for  use  in  fire  walla  ia  a  wood  fluah  panel 
door  covered  with  aheet  metal.  It  is  a  cheaper  door  than  a  steel  one  but  wilt  oot  stand  the 
hard  iiaage  from  trucks,  etc.,  running  inta  them.  The  wood  aUo  has  a  tendency  to  dry  rot 
due  to  the  lack  of  Tentilation. 


Plan 
Fia.  3T2,— DM«U»  of  eiow  boriinnUl  loUim  doon  tor  duppiDC  platlorna. 


Pio.  37S.— Hollow  meUI  door. 


SS7,  Align II m  Plrepro<rf  Doors.— Align um  ia  manufactured  in  alab  form  from  fireproof 
mineral  componenta,  amalgamated  under  hydraulic  preeaure.  It  is  worked  the  same  aa  wood 
and  can  be  finished  with  practically  the  same  materials.  The  slab  can  be  reinforced  with  wire 
meah  for  extra  atrength  and  then  secured  to  both  aides  of  vertical  ribs  which  make  a  hollow 
fireproof  door.     This  product  ia  manufactured  by  the  Alignum  Fireproof  Products  Company, 

338.  Rerolving  Do4»b. — For  atore  purposes  and  entrancea  to  public  and  aemi-public 
buildings,  the  revolving  door  is  very  efficient.     These  doors  are  made  with  three  or  four  wings 
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and  should  bo  provided  with  automatic  relcttsinn  fire  exit  devices  so  that  they  can  coUapK  ik 
give  a  full  width  door  opening  in  cubc  of  fire.  This  type  of  door  complete  with  ve8tibufc»i; 
permit  people  to  enter  freely  and  yet  allow  a  miDimum  amount  of  cold  air  to  come  in  duibgUi 
winter  months. 


Pia.  377. — rymno  procau  iloot  md  ti 


By    CoR\DOtt   T.    PUHDY 

229.  Definitions. — Stairs  are  variously  clasHificd.  A  neteel  stair  is  one  in  which  tbeftor  | 
or  balustrade  is  constructed  with  newel  posts  at  ih>  angles,  or  turning  points,  while  a  (»  j 
metrical  stair  is  one  in  which  the  newel  poets  arc  not  used  in  mak- 
ing turns.  It  follows  that  newel  stairs  are  in  straight  ruoB,  ordiiuri!i 
broken  by  landings  between  floors,  and  that  the  geometrical  staic  ' 
are  curved  and  continuous. 

Judged  fay  their  horizontal  Uncs, 
stairs  are  straighl,  q-aartcT-lvm,  or  kalj- 
tarn,  and  geometrical  stairs  are  more 
commonly  termed  curved  stairs,  circular 
ataira,  elliptical  stairs,  winding  stairs,  or 
spiral  stairs,  as  the  case  may  fac. 

Most  stairs  are  constructed  with  a:i 
opening  in  the  floor  larger  than  the  stairs, 
so  that  there  is   an  open  vertical  space 
A  newel  stair  returning  on  itself  without  such  at 
flight  it 


Fio.  37B. 


open  space — that  is,  in\i 
ical  planewith  that  immediately  above  or  belov- 


from  floor  to  floor, 
the  balustrade  of  i: 
is  called  a  dog-legged  stair. 

In  dwelling  liouses  the  front  stairs  are  the  ones  made  to  be  Be< 
bade  stairs  are  made  for  domestic  use  and  ordinarily  out  of  sight. 

Stairs  are  open  or  closed  when  they  are  open  or  enclosed  by  walls. 


and  generally  used,  and  tk 
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A  tread  »  the  hoiisontal  part  of  a  step. 

A  ri»er  k  the  vertical  part  of  a  itep. 

A  atop  is  the  combination  of  a  tread  and  a  rieer. 

A  winder  is  a  step  in  which  one  end  of  the  tread  is  wider  than  the  other. 

A  afoftV  may  be  a  itop,  a  teries  of  etepe,  or  a  continuity  of  steps  from  floor  to  floor,  or  the  word  in  its  singular 
form  may  apply  to  all  the  stairs  in  one  continuous  stairway.  In  many  ways,  the  singular  and  plural  form  of  the 
word  can  be  used  interchangeably. 

A  fiight  of  tia%r$t  technically,  is  a  continuous  series  of  steps  without  a  break,  but  in  ordinary  conversation  it  is 
senerally  taken  to  mean  the  entire  height  of  stair  from  one  floor  to  the  next,  including  landings. 

A  afot'r  case  is  an  expression  that  properly  applies  to  the  whole  stair  construction,  including  the  place  it  occupies 
and  ita  enclosing  walls.     In  common  usage,  it  is  almost  synonymous  with  the  word  "stairs",  but  improperly  so. 

The  run  of  a  flight  of  stairs  is  its  horisontal  length. 

The  rue  of  a  flight  of  stairs  is  its  vertical  height. 

The  pitch  of  a  flight  of  stairs  is  the  angle  of  its  ascent. 

A  iandinif  is  a  platform  in  the  stairs  between  floors. 

The  noaina  of  a  tread  is  tlie  projection  of  the  tread  in  front  of  the  riser. 


^^^^^ 


Fio.  380.— Flight  of  stairs. 


Fio.  381. — Step  in  wood  stair 


A  Mtringer  is  a  longitudinal  member  of  the  stair  construction.  It  may  support  the  stairs,  or  it  may  only  appear 
to  do  so. 

A  vkUI  atringer  is  the  one  that  adjoins  the  wall. 

A  front  atringer  m  the  one  on  the  open  side  of  the  stairway. 

A  habtater  is  a  small  column  or  poet  supporting  a  rail. 

A  baluatrade  is  a  series  of  balusters  joined  by  a  rail  to  form  an  enclosure.  This  word  properly  spplies  to  mas- 
sive work  in  stone  or  its  imitation,  but  now  it  is  much  used  by  architects  for  the  lighter  work  In  wood  and  iron 
employed  in  modem  stair  construction. 

A  newel  is  a  principal  or  more  important  poet  supporting  a  hand  rail.  Newels  are  used  at  the  beginning 
and  at  the  end  of  a  balustrade,  and  also  at  turning  points  on  landings. 

230.  Risers  and  Treads. — The  importance  of  stair  construction,  the  character  of  the  work 
to  be  employed,  and  the  difficulties  involved,  vary  widely  with  different  types  of  buildings. 
There  are,  however,  a  few  things  regarding  the  design  of  stairs  that  have  general  application 
and  one  of  them  relates  to  the  risers  and  treads. 

The  height  of  risers  should  be  exactly  the  same  from  one  floor  to  the  next,  even  if  it  figures 
out  an  odd  fraction  of  an  inch  to  make  it  so,-  and  there  is  no  exception  to  this  requirement. 
The  treads  should  have  a  uniform  width,  except  where  winders  are  used.  In  high  buildings 
inrhere  the  heights  of  stories  vary,  the  height  of  the  riser  will  ordinarily  change  whei^  the  story 
lieight  changes.  In  such  a  case,  the  change  in  the  height  of  the  riser  should  be  made  as  little  as 
possible.  To  get  this  height  in  any  staircase,  determine  the  exact  height  of  the  story  from  fin- 
nished  floor  to  finished  floor,  and  divide  it  by  some  number  that  will  give  for  an  answer  the 
approximate  height  of  riser  desired.  The  divisor  will  be  the  number  of  steps  required,  and  at 
the  most,  two  or  three  trys  should  indicate  the  combination  that  is  most  desirable.  The  best 
practice  in  America  is  to  make  risers  in  ordinary  stairs  from  7  to  7K  in.  high. 

The  relation  of  the  riser  to  the  tread  depends  upon  the  use  of  the  stairway.  Treads  10  in.  wide  are  most  com- 
monly required  with  7  to  7H  in.  in  height  of  riser,  and  this  makes  a  standard  pitch  that  should  be  widely  used. 
These  proportions  make  the  most  satisfactory  stairs  in  dwelling  houses,  tenements,  apartment  houses,  hotels, 
office  buildings,  and  factories,  and  particularly  where  the  stairs  are  in  constant  use.  Such  stairs  are  easy  of  ascent 
for  ordinary  peraons.  If  the  height  of  the  riser  is  reduced,  the  width  of  the  tread  should  be  increased;  and,  vice 
rerea.  if  the  height  of  the  riser  is  increased,  the  width  of  the  tr<>ad  should  be  made  less.    Generally  speaking,  stairt 
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in  public  buildings  should  have  wider  treads  and  less  height  of  riser.  The  same  ia  true  of  mciai  ataiia  in  wiitk  tkr 
architectural  features  are  particularly  important.  A  6}i-in.  riser  and  11-in.  tread  make  a  pitch  to  the  atairvajr  tb: 
is  more  attractive  and  inviting.  The  following  is  a  rule  of  French  origin  which  fixes  the  relation  of  the  riser  to  ^ 
tread :  The  sum  of  the  width  of  the  tread  and  twice  the  height  of  the  riser  equals  not  leas  than  24  in.,  nor  bmr  tkc 
25.  Stairs  in  the  United  States  conform  generally  to  this  rule.  In  England  there  is  a  rule  that  the  prodnet  of  tie 
height  of  the  riser  in  inches  and  the  width  of  the  tread  shall  be  66  in.,  but  it  is  not  much  in  uae  in  this  eowaj. 
The  New  York  Building  Law  requires  the  application  of  this  English  rule;  but  fixes  the  product  at  not  less  thssX 
in.,  nor  more  than  75.  It  also  limits  the  height  of  riser  to  7^  in.  and  the  width  of  tread,  without  nowng,  to  9h  a 
In  designing  stairs,  the  first  thing  is  always  to  determine  the  number  of  steps  and  height  of  riaer,  and  the  wtm 
thing  is  to  fix  the  width  of  the  tread  and  the  run  of  the  stairs.  Beyond  this  part,  the  problem  varies  viik^ 
character  of  the  building  and  the  purpose  of  the  stairway. 

281.  Width  of  Stairs,  Numbefi  and  General  Design. — Dwellings,  both  in  the  city  and  coin- 
try,  should  have  two  stairs,  the  front,  or  principal  stairs,  for  general  use,  and  a  back  staiis  fcv 
the  service  of  the  house.  The  former  should  be  at  least  3  ft.  6  in.  wide.  In  most  dneOap 
such  stairs  are  in  constant  use,  and  they  should  have  a  standard  pitch  and  t^ro  or  more  ffigLb 
between  floors,  so  that  the  labor  of  passing  from  floor  to  floor  will  be  reduced  to  a  minimmr 
This  consideration  is  more  important  than  any  other,  for  the  stairs  are  used  day  and  night,  h 
old  and  young,  and  if  going  up  and  down  stairs  becomes  a  burden  anywhere,  it  is  in  the  ham 
It  is  common  practice  to  make  the  front  stairs  in  the  first  story  of  dwellingb  the  attractive  featoir 
of  the  house.  In  the  construction  of  such  buildings,  any  expenditure  allowable  for  a  poRlj 
architectural  feature,  is  properly  put  in  these  stairs,  and  in  many^omes  where  the  character  el 
the  construction  will  warrant  it,  the  stair  work  is  elaborate  and  ornate.  The  old  Colonii! 
staircases,  still  to  be  found  in  many  houses  of  New  England  and  Virginia,  have  served  ui 
national  model  for  stair  work  in  dwellings.  6ome  of  these  staircases  are  more  than  150  yr.  old 
The  symmetry  and  directness  of  their  design  is  their  chief  characteristic.  Some  of  them  sp 
very  ornamental  and  beautiful,  and  some  of  the  workmanship  in  their  construction  ia  not  ei- 
celled  in  this  generation. 

In  buildings  for  the  service  of  the  public — such  as  post  office  buildings,  capitols,  libraries. 
and  railway  stationi^^ — stairways  should  always  be  wide  enough  to  meet  all  requirements  of  tb 
most  exacting  condition.  Where  practicable  they  should  be  as  wide  as  the  entrances,  passage 
ways,  and  concourses  which  they  serve.  It  is  also  equally  important  that  such  stairs  should  br 
constructed  with  short  flights  and  commodioiis  landings.  All  of  these  provisions  serve  U 
prevent  overcrowding,  confusion,  and  accidents.  The  most  unsatisfactory  and  unfortunate 
feature  of  our  Metropolitan  Subway  Railway  construction  is  the  narrow  difficult  stainrayf 
which  street  conditions  have  required  in  many  places. 

Schools  and  college  buildings  are  usually  classified  as  public  buildings,  but  they  have  adififf- 
ent  stair  problem.  In  such  buildings  most  of  the  travel  ebbs  and  flows  according  to  a  prognm. 
and  the  travelers  are  known  to  each  other  This  means  less  confusion  and  less  chance  of  acci- 
dent. The  requirements  for  stairways  in  such  buildings  can  therefore  be  made  correspondiiii^ 
easier  than  for  stairways  open  to  the  general  public  and  in  constant  use  both  ways. 

Theatres,  assembly  halls,  and  dance  halls  are  also  public  buildings,  but  they  have  stO 
another  stair  problem,  chiefly  one  of  quick  exit.  The  width  of  the  stairs  and  number  should  be 
sufficient  to  empty  the  building  in  three  or  four  minutes  at  the  most.  Each  floor  or  balcooj 
should  have  its  own  separate  stairway,  and  in  large  theatres,  each  division  of  a  floor  or  balcoaj 
should  have  a  separate  exit. 

Stairs  in  high  buildings,  office  buildings,  and  hotels  are  not  much  used,  and  are  constructed 
to  meet  an  emergency  rather  than  for  every  day  use.  Perfected  elevator  systems  take  the  travd; 
but  both  legal  requirement  and  good  judgment  call  for  staimays  large  enough  and  in  sufficicDt 
numbers  to  afford  a  satisfactory  exit  for  the  entire  population  of  a  building  within  the  spac«of 
a  few  minutes.  The  new  CJommodore  Hotel  in  New  York,  with  its  2000  bed  rooms,  has  6n 
stairways,  each  3  ft.  8  in.  wide,  and  the  Equitable  Office  Building  has  four  stairways  each  4  ft 
2  in.  wide.  Each  stairway  is  continuous  from  the  roof  downward  through  all  typical  stories 
and  the  same  exit  area  is  made  good  to  the  street. 

It  is  not  enough  that  these  buildings  are  absolutely  fireproof,  that  their  floors,  doors,  wind- 
ows, and  trim  are  all  made  of  metal  or  wood  that  will  not  burn.     There  is  hardly  one  chance  in  a 
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thousand  that  a  fire  would  spread  beyond  the  room  in  which  it  started  in  either  building. 
Nevertheless,  their  enormous  population  makes  the  construction  of  stairways  in  such  buildings 
mandatory,  whether  si)ecial  laws  require  it  or  not.  They  should  be  designed  as  simple  in 
construction  as  possible,  with  easy  flights  and  a  standard  pitch. 

If  any  stairs  in  a  hotel  are  in  general  use,  they  are  those  connecting  the  main  floors,  ordi- 
narily the  lower  floors,  where  the  same  conditions  practically  prevail  as  those  in  public  buildings. 
Here  the  stairways  may  properly  be  fewer  in  number  and  wider,  with  less  than  standard  pitch, 
and  more  expensive.  Almost  the  same  conditions  occur  in  some  office  buildings,  particularly 
where  banks  or  other  rooms  of  a  public  character  are  located  on  the  second  floor.  In  both 
hotels  and  office  buildings,  such  stairways  are  sometimes  made  elaborate  in  architectural  design 
and  ornamentation,  but  such  an  expenditure  would  be  worse  than  wasted  in  the  upper  stories 
particularly  if  it  in  any  degree  lessened  their  value  as  an  exit.  Similar  conditions  prevail  in 
apartment  houses,  and  stairways  in  such  buildings  should  be  designed  on  the  same  basis  as  in 
hotels 

Mill  and  factory  buildings  present  still  another  problem,  particularly  where  they  are  not 
served  with  elevators.  In  such  buildings  the  stairs  are  used  to  their  full  limit,  both  up  and 
down,  at  certain  hours  in  the  day,  and  it  is  this  use  of  the  stairs,  rather  than  their  need  as  a  safe 
exit  in  case  of  fire,  that  should  control  the  design.  All  such  buildings  should  have  at  least  two 
lines  of  stairways  from  roof  to  street,  and  this  rule  should  hold  regardless  of  the  size  of  the  build- 
ing.  In  such  buildings  the  possibility  of  a  temporary  obstruction  of  a  stairway  is  greater  than 
in  other  buildings,  and  the  two  stairways  serve  also  to  meet  that  difficulty. 

Factory  stairs  should  be  standard  pitch,  more  commodious  than  stairs  in  office  buildings, 
and  as  simple  and  substantial  in  construction  as  possible.  Stairways  in  loft  buildings  should 
properly  be  treated  the  same  as  in  factories,  for  such  buildings  are  particularly  available  for  the 
making  of  clothing  and  other  light  manufacturing.  It  is  not  sufficient  that  the  owner  of  a  loft 
building  intends  it  for  some  other  use,  for  buildings  stay,  and  owners  and  conditions  change. 


In  Utfse  cities,  the  number  and  width  of  stain  tor  moat  buildings  are  fixed  by  the  building  laws,  and  they 
must  be  known  and  foDowed;  but  in  some  places  building  laws  are  wanting  and  in  others  they  are  incomplete. 
In  any  case,  the  design  of  the  stairways  of  an  important  building  should  be  based  on  its  population,  whether  legal 
requirements  compel  it  or  not.  For  the  determination  of  populations  of  dififerent  floors  of  fireproof  buildings,  the 
arena  considered  should  be  rooms  enclosed  by  walls  or  partitions  of  fireproof  materials;  and  corridors,  halls,  entrances 
and  other  areas  unusuable  for  the  purposes  of  the  building  should  not  be  included.  The  New  York  law  provides 
that  the  population  in  any  one  floor  of  a  fireproof  building  shall  be  taken  as  being  one  person  for  every  10  sq.  ft.  in 
places  of  assembly,  every  15  sq.  ft.  in  schools  and  courthouses,  25  sq.  ft.  in  stores,  32  sq.  ft.  in  factories,  50  sq.  ft. 
in  office  buildings,  and  every  100  sq.  ft.  in  hotels.  This  is  probably  the  best  authority  obtainable  and  it  is  the  best 
practice  in  present  construction.    The  population  of  single  floor  areas  of  fireproof  buildings  of  different  types  and 

on  this  basis  is  as  foDows: 


Population  per 

Floor 

FOR 

THE  Different  Areas  per  iNWvrouAL 

Usable  floor 

areas, 

(sq.  ft.) 

Public 
assembly, 
10  sq.  ft. 

Schools, 

courthouses 

15  sq.  ft. 

Stores 
25  sq.  ft. 

Factories, 
work  rooms 
32  sq.  ft. 

Offices, 
50  sq.  ft. 

Hotels 
100  sq.  ft. 

3,000 

300 

200 

120 

94 

60 

30 

4,000 

400 

266 

160 

125 

80 

40 

5.000 

500 

333 

200 

156 

100 

50 

6.000 

000 

400 

240 

187 

120 

60 

7.000 

700 

•  •  • 

280 

219 

140 

70 

8,000 

800 

320 

250 

160 

80 

9,000 

900 

281 

180 

90 

10.000 

1000 

312 

200 

100 

11,000 

*  *  •  • 

•   •  • 

220 

110 

12,000 

•  •  •  • 

■  •  ■ 

240 

120 

13.000 

a    •    •    • 

■  •  • 

260 

130 
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No  stairway  should  be  less  than  3  ft.  6  in.  wide,  nor  less  than  the  stairway  in  the  story  above.  In  fenenl  Hi 
better  to  have  two  stairways  3  ft.  6  in.  wide  than  one  7  ft.  wide.  No  building  having  3000  sq.  ft.  of  usable  floor  ua 
on  one  floor  should  liave  less  than  two  separate  stairways.  The  stairways  of  most  buildings  should  be 
in  number  and  width  to  provide  standing  spaoe  for  the  population  of  the  floor  which  tbey  immfidiatdy 
nearly  so,  when  occupied  to  their  full  capacity. 

In  a  building  of  ordinary  ceiling  height,  an  enclosed  stairway  3  ft.  0  in.  wide  with  one  half -turn  landiiigiadi 
haUway  at  the  floor  level  of  moderate  sise  will  afford  standing  spaoe  for  45  people,  and  each  additional  6  in.  is  «idi 
of  stairway  will  afford  standing  spaoe  for  10  additional  people.  Accordingly,  a  stairway  5  ft.  wide  will  provtfi 
standing  spaoe  for  75  people,  and  one  7  ft.  wide  for  115  people.  New  York  regulations  allow  not  more  tfasa« 
person  for  each  22  in.  of  stair  width,  and  IM  treads  on  the  stair  pioper,  and  not  more  than  one  peimte 
each  3H  8Q-  ft.  on  landings  and  halls  within  the  stairway  spaoe;  and  the  floor  served  can  not  be  oocupied  by  un 
persons  than  thb  requirement  will  permit.  The  two  methods  of  determining  the  capacity  of  stairs  pve  s^ 
stantially  the  same  results. 

On  the  basis  of  45  people  for  a  stairway  3  ft.  6  in.  wide  and  10  additional  people  for  each  6  in.  additaonsl  vidtk. 
and  the  general  provisions  and  limitations,  the  number  and  widths  of  stairways  for  different  sisee  and  typa  a 
buildings  may  properly  be  made  as  given  in  the  following  tabulations: 

Number  of  Stairways  and  Width  op  Each 


Usable  floor  area 
(sq.  ft.) 

Schools, 
courthouses 

Stores 

Factories, 
work  rooms 

OflSoe 
buildings 

Hoteb 

3,000 

4,000 

5,000 

6.000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

2-6'6" 
3-6'0" 
4-6'6" 
4-66" 

2-4'6" 
2-5'6'' 
2-6'6" 
3-5'6" 
3-6'0" 
3-6'6" 

2-4'0" 
2-4'6" 
2-5  0" 
3-4  6" 
3-5'0" 
4-4'6" 
4-6'0' 
4-5  6" 

2-3'6" 
2-3'6" 
2-4'0" 
2-4  0" 
3-3  6" 
3-4'0" 
3-4'6' 
4-4'0" 
4^0" 
4-4'6" 
4-4 '6" 

2-3'e" 
2-3'6" 
2-3'e" 
2-3  6" 
2-^'6" 
2-3'e" 

2-3'e" 

2-4  V 
2-4  V 

3-3'e" 
3-3'e" 

Practice  differs  as  regards  fixing  the  width  of  stairs  in  places  of  public  assembly,  and  ia  not  so  «»»--^i»»g  m  fs 
other  buildings.  The  New  York  requirements  call  for  a  stairway  4  ft.  wide  in  the  clear  between  railinv  or  sib 
for  50  people,  and  allow  50  additional  people  for  every  additional  6  in.  width  of  stairway. 

This  difference  is  reasonable  for  most  places  of  public  assembly  are  designed  so  that  the  stairways  serve  onlyfls 
level,  or,  at  the  most,  only  two  levels;  whereas  the  stairways  of  the  other  types  of  buildings  serve  many  kvck,  iM 
if  their  stairways  are  not  suflicient  to  accommodate  the  entire  population  of  the  building  at  one  time,  or  ncaiira, 
in  case  of  great  emergency,  disaster  would  be  certain. 

Where  sprinkler  ssrstems  are  installed  in  fireproof  buildings,  the  stairway  requirements  may  properly  be  r- 
duced,  and  it  is  so  provided  under  the  New  York  Building  Law.  On  the  other  hand,  if  the  buildings  are  not  fa^ 
proof,  the  stairway  requirements  should  be  increased.  The  amount  of  reduction  to  be  permitted  in  one  ease,  ui 
the  amount  of  increased  requirements  in  the  other  case,  depend  upon  the  conditions,  and  whether  those  oooditioa 
are  likely  to  be  permanent. 

232.  Locations  of  Stairways. — In  dwellings,  the  main  stairway  ordinarily  occupies  a  oo- 
tral  and  prominent  place  in  the  house.  In  buildings  of  the  old  Colonial  type,  the  main  floorc 
divided  into  two  parts  by  the  hall,  and  the  main  stairway  is  located  in  this  room,  orit  isdirccth 
connected  to  it.  In  most  government  buildings,  school  houses,  churches,  theatres,  railvaj 
stations,  and  other  buildings  of  a  public  character,  the  locations  of  the  stairvi  ays  are  fixed  by  tk 
design  of  the  building.  To  change  the  location  would  mean  to  re-dcsign  the  building,  or,  it 
least,  to  make  material  changes  in  other  important  parts  of  it.  To  make  ingress  and  egm 
easy,  and  travel  in  public  buildings  convenient  and  comfortable,  is  one  of  the  most  impor- 
tant considerations  in  the  design  of  such  buildings,  and  the  arrangement  of  stairways  andpe^- 
sageways  must  be  worked  out  as  a  part  of  the  general  design.  This  is  not  true  of  ili 
buildings.  The  general  scheme  of  a  hotel  or  an  office  building  can  often  be  arranged  withool 
much  regard  to  the  location  of  the  stairs — ^that  is  to  say,  they  can  be  figured  into  the  design  is 
various  ix  ajrs  without  materially  altering  the  general  scheme  of  the  building. 

Where  two  stairways  are  required,  they  should  not  be  near  each  other,  and  if  there  are  mm 
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than  two,  they  should  be  well  separated  and  placed  so  as  to  afford  the  easiest  and  quickest  serv- 
ice possible  to  the  building  as  a  whole.  The  distribution  of  stairways  is  particularly  important 
in.  the  design  of  large  factory  buildings.  It  may  be  materiaUy  to  the  advantage  or  to  the  dis- 
advantage of  the  business  in  the  building.  Such  stairwa3rs  should  be  located  so  that  there  will 
be  little  or  no  interference  in  passage  from  work  to  stairs,  from  work  to  locker  or  wash  rooms, 
and  from  such  rooms  to  stairs.  8tairwa3rs  should  never  be  located  around  or  adjacent  to  ele- 
vator shafts  without  solid  walls  between  them. 

A  doubifi  or  interlocking  ■taircase  has  been  devised  that  makes  a  very  ingenious  economy  of  siMtoe.  The  two 
•tairways  occupy  the  same  space  that  either  of  them  alone  would  require.  The  arrangement  can  not  be  used  unless 
the  floors  are  16  or  17  ft.  or  more  above  each  other,  and  it  is  particularly  adaptable  for  exits  for  theatres,  school 
houses,  and  other  public  buildings,  when  ceilings  are  high.  Fig.  382  shows  how  this  stair  is  constructed.  The 
surangement  increases  the  fire  risk,  and  in  some  places  might  be  pro- 
hibited, but  if  the  enclosure  walls  are  properly  made  and  particularly  if 
the  entrances  are  protected  by  intermediate  corridors,  or  otherwise,  the 
danger  of  smoke  might  be  sufficiently  eliminated  to  remove  this  difficulty. 

283.  Landings  and  Winders. — Winding  steps  should 
never  be  used  in  newel  stairs,  and  in  some  cities  they  are 
prohibited  by  law,  except  in  ornamental  construction  where 
the  use  of  the  stair  is  not  very  important.  Winders  ha\e 
been  used  in  American  practice  a  ver^'^  great  deal  in  dwell- 
ing house  construction,  in  order  to  economize  space  and  to 
save  expense  in  construction,  but  it  is  a  very  bad  practice. 
It  is  more  difficidt  to  go  up  and  down  such  stairs,  and  the 
danger  of  falling  on  the  stairs  is  very  greatly  increased. 

Winding  steps  are  a  necessary  part  of  curved  stairs,  and  in  such 
oonstruction  the  width  of  the  tread  should  be  limited.  It  should  be  the 
same  width  as  the  treads  of  other  steps,  about  2  ft.  out  from  the  hand 
rail,  or  the  inside  of  the  stair,  which  is  about  the  ordinary  line  of  travel. 
The  average  width,  if  the  stairs  are  not  too  wide,  should  be  not  greater 
than  would  be  used  if  the  stair  were  straight,  and  the  minimum  width 
should  be  not  less  than  6  in. 

Landings  should  be  separated  by  4  or  5  steps.      Square  landings 
serve  to  prevent  accidents,  and  they  also  serve  as  resting  points  going  up 
and  down  sUirs.     No  straight  flight  of  stairs  should  be  more  than  10  or    j,,q  382.— Double  or  interlocking  stair. 
12  ft.  in  height  without  a  landing.     It  is  very  desirable  to  have  at  least 
one  landing  in  every  ordinary  story,  as  buildings  are  constructed  in  our  American  cities. 

234.  Balustrades  and  Hand  Rails. — Balustrades  and  hand  rails  are  necessities  in  the  con- 
struction of  stairways.  Even  if  the  stairway  is  entirely  enclosed  by  walls  on  both  sides,  the 
hand  rail  is  an  important  part  of  the  construction.  Without  it  the  danger  of  injury  to  people 
using  the  stairs  ay  would  be  greatly  increased. 

The  balustrade  offers  an  exceptional  opportunity  for  decorative  work.  A  great  deal  of  very  beautiful  work  in 
the  construction  of  balusters  and  newel  posts  has  been  worked  into  some  of  the  old  Colonial  staircases.  In  the 
lower  stories  of  office  buildings  and  hotels,  and  particularly  in  public  buildings,  the  balustrades  are  often  made  of 
stone,  marble,  or  bronse,  massive  and  sometimes  very  rich  in  design.  In  aU  buildings,  balustrades  and  hand  rails 
should  be  made  substantial  and  strong  enough  to  maintain  their  position  under  any  kind  of  a  strain.  Wide 
stairways  should  have  a  hand  rail  on  both  sides,  either  as  a  part  of  the  balustrade  or  fastened  to  the  wall,  and  in 
public  places  where  the  stairs  are  in  constant  use  by  large  numbers  of  people,  very  wide  stairs  should  have  an  inter- 
mediate hand  rail. 

236.  Stairway  Bndosures. — In  the  early  history  of  high  building  construction,  in  our 
American  cities,  it  was  considered  quite  the  proper  thing  to  build  the  stairways  around  elevator* 
shafts,  T^ith  nothing  between  them  but  a  light  iron  screen.  The  folly  of  this  construction, 
however,  became  quickly  apparent.  The  openings  from  floor  to  floor,  which  they  afforded, 
became  the  flues  for  smoke  and  rapid  spread  of  any  fire  in  the  building.  The  next  step  in  this 
evolution  was  the  separation  of  the  stairs  from  the  elevators.  They  were  placed  in  or  adjoin- 
ing the  corridors  of  the  building.  This  was  better,  but  the  well  hole  in  the  stairway  was  still 
an  element  of  danger  in  case  of  fire.  The  only  construction  of  stairs  which  can  be  depended 
upon  to  make  them  a  safe  exit,  reasonably  free  from  smoke,  is  their  construction  within  enclosiDg 
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walls.    Our  best  building  laws  require  the  eacloBure  walls  in  all  high  buildings.     Tlie  ob- 
struction o[  such  shafts  is  treated  in  the  following  chapter. 

336.  Materials,  Details,  and  Methods  of  Construction. — In  moat  cities  the  building  Ian 
require  stoira  to  be  constructed  entirely  of  tucomfaustiblc  material,  except  in  frame  buildtngsud 
in  non-fireproof  buildings  of  moderate  eize.  All  such  stairs  are  supported  by  iron  strings,  or 
they  are  made  of  reinforced  concrete  construction.  If  they  are  supported  by  iron  strings,  tk 
treada  should  be  made  of  solid  steel  or  cast-iron  platen.  Marbtt,  slate,  or  other  stone  sbooU 
not  be  used  for  finibb  treads  without  such  plates  under  them.  The  reason  for  this  is  obvioo; 
in  ease  of  fire  the  stone  treads  are  likely  to  crack  or  break  from  heat  or  water.  In  the  moM 
economical  construction  of  this  character,  the 
treads  and  riBers  are  made  of  stamped  steel 
plates  in  different  farms,  some  of  which  are 
arranged  to  carry  cement  treads. 


-TKi; 


I.  New  VorV  Citj 


t  Id  tho  Comtnodine 


Sf-nnga  <rf  Ftatftimi* 
Pio.  3S4. 


Figs.  3S3  to  387  inclusive  show  the  plan,  section  and  details  of  the  construction  of  a  typinl 
stairway  in  the  Commodore  Hotel  in  New  Yorit  City.  These  figures  give  the  actual  measuny 
ments  that  are  used,  the  enclosing  walls,  the  structural  iron  that  supported  them,  and  the  sop- 
port  of  tho  stairs.  It  is  given  as  an  exceptionally  good  examplof  a  very  economical  constructioD: 
but  thoroughly  substantial  and  fully  meeting  all  Ihe  requirements  of  the  building  lawe. 

The  stair  comes  very  near  beii^  a  dogged-leg  stair.  The  open  space  between  the  hand  rails. 
as  shown  on  Fig.  387,  is  only  about  1  in.,  and  between  the  iron  strings  about  3  in.  One  nevrl 
post  serves  both  the  upward  and  the  downward  flights  of  the  stairs.  It  is  carried  on  the  8-ia 
beam  at  the  floor  and  on  an  8-in.  channel  at  the  landir^,  and  held  in  place  by  bolts  diredh 
through  the  post  and  the  webs  of  the  structural  members. 

The  height  of  the  stair  from  floor  to  floor  is  10  ft.  6  in.;  there  are  17  risers,  each  7.41  in 
high.  Tho  treada  are  10  in.  wide.  The  treads  and  risers  and  the  landing  are  made  of  sheet  st«ri 
stamped  to  form,  and  covered  with  cement. 

These  stairways  are  in  the  middle  of  the  building,  artificially  lighted  day  and  night.  At 
the  elevator  service  in  the  buildii^  is  ample,  both  for  the  guests  and  for  the  service  of  thebuildiic. 
tliese  stairways  are  not  likely  to  be  much  used,  except  in  some  possible  emergency. 


ReinrorDed  canorete  ■! 
ftDd  %n  of  tcD  mort,  ecauoa 
the  Eautruction  of  the  flew 

'  For  tbe  <J»i(ii  of  rein 


ticulmrly  adaptable  t 


buildiniB  made  of  reinlorwd  eoni 
B.i  When  all  the  maleriala  and  equipment  arc  at  hand  and  in  v  a 
luilding.  the  additional  coDccele  in  the  sUir  coDalruction  eaa  be  pita 
ra.  see  Sect.  2,  Art.  43. 
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place  tor  Uw  Ktokl  eoat  of  the  misrul  and  Uboc  nquind.  irittiout  Dverhfttd  dursM.  MonoTor,  in  >  buildi 
rainfofved  eooente  eoiutruetioii,  lUiraaiyt  ol  the  ume  nuUru]  «n  be  d«iBned  to  tint  they  iiill  bewme  an  iat 
t>an  of  the  ■tnictiin.  The  eDmmon  method  of  eonatruotion  ia  an  iiiclin«l  slab  of  concnte  with  the  fonn  of  the 
nolded  od  the  upper  dde,  the  thmneet  part  of  thEslab  made  thJFlc  enouih  and  the  reinloreemeDt  madeanffide 
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SHAFTS  m  BUILDmGS 
By  Corydon  T.  Pubdy 

The  importance  of  enclosing  stairways  and  elevators  with  fireproof  walls  has  been  erolrfc 
along  with  the  other  features  of  modern  construction,  but  more  slowly  than  mo^t  of  them.  Yi\gt 
we  had  only  five  story  buildings,  no  point  was  made  of  it.  For  years  afterward  the  stairvBT 
around  an  open  elevator  was  considered  the  proper  construction  by  the  best  architects,  and  t 
is  only  a  few  years  since  we  stopped  building  elevators  fronted  with  open  grilles,  and  stamrir* 
in  open  corridors.     Now  enclosures  are  required  in  many  places,  and  should  be  evei^nrbat. 

The  one  thing  that  has  forced  this  evolution,  step  by  step,  is  the  growing  appreciation  <tf 
the  necessity  of  enclosure  walls  for  the  preservation  of  life.  The  open  elevator  or  stairway,  ii 
case  of  fire,  became  a  flue  that  drew  the  fire  to  itself,  making  it  the  worst  place  for  travel  is- 
stead  of  the  best.  If  it  did  not  get  the  fire,  it  did  get  the  smoke,  and  in  one  fire  in  a  New  Yod 
hotel,  several  lives  were  lost  in  a  few  minutes  on  this  account,  when  practically  no  damage  vit 
done  to  the  building. 

All  openings  in  floors  should  be  enclosed  with  walls,  forming  vertical  shafts,  except  (1' 
small  openings  for  ducts  and  flues  for  which  requirements  vary,  (2)  openings  for  stairwavs  ia 
the  first  story  of  city  buildin^^s,  and  (Z)  stairways  in  dwellings.  There  should  be  very  few  other 
exceptions. 

287.  Kinds  of  Shafts. — Shafts  are  open  and  closed.  Open  shafts  are  open  to  the  air — ^thatis. 
they  are  not  covered  with  a  roof  or  any  other  kind  of  covering.  Closed  shafts  are  roofed  in  ani 
completely  covered  at  the  top. 

In  general,  there  are  five  kinds  of  shafts:  light  shafts,  vent  shafts,  dumb-waiter  sbaftt. 
elevator  shafts,  and  shafts  formed  by  stair  enclosures.  laght  and  vent  shafts  are  constmcttd 
both  open  and  closed,  the  others  being  always  closed. 

238.  Open  Shafts. — Open  shafts  are  made  for  purposes  of  ventilation  and  light.  Ifacr 
should  be  enclosed  with  walls  similar  to  those  required  for  the  exterior  construction  of  tlie 
building,  except  if  the  shaft  is  small,  in  which  case  some  reduction  in  thickness  of  walls  maT 
be  allowed  provided  that  by  so  doing  there  is  no  depreciation  in  the  strength  of  the  stnicturt 
as  a  whole.  All  openings  in  such  shafts  should  be  protected  from  fire,  whether  the  buDding  br 
fireproof  or  not,  and  windows  should  have  fireproof  construction,  wire  glass,  and  fire  shutten. 

289.  Closed  Shafts. — Small  vent  and  dumb-waiter  shafts  should  bo  enclosed  with  wbUb 
made  the  same  as  partitions  ordinarily  required  in  fireproof  buildings.  Vent  shafts  should 
have  no  openings,  except  for  ventilation  purposes,  including  windows,  and  dumb-waiter  sfaAfts 
should  have  no  openings  except  the  doors  for  the  dumb-waiter  service.  These  openings  should 
have  iron  or  concrete  frames,  and  fireproof  doors  and  windows.  Such  shafts  should  also  haw 
fireproof  construction  at  the  top  and  bottom.  This  fireproof  construction  works  both  wars. 
It  prevents  the  fire  from  getting  into  the  shaft,  and  then  if  the  fire  does  enter  the  shaft,  it  holds 
it  in  and  prevents  the  spread  of  the  fire  on  the  floors  above.  The  complete  enclosure  of  the 
shaft  at  the  bottom  prevents  the  entrance  of  the  fire  at  the  most  dangerous  point,  and  the  en- 
closure at  the  top  stops  the  draft  which  would  otherwise  be  established. 

240.  Stairway  Enclosures. — ^The  kind  of  an  enclosure  required  for  a  stair^'ay  depends  upoa 
the  size  and  construction  of  the  building,  its  use,  and  to  some  extent  on  outside  conditions.  Is 
high  buildings  serving  a  large  population,  they  should  be  of  the  best  type  of  constructioa 
This  is  true  of  most  buildings  in  our  large  cities,  but  in  buildings  3  or  4  stories  high,  of  ordinsxr 
construction,  with  brick  exterior  walls  and  with  floors  and  roof  supported  by  wood  joists,  any 
slow-burning  enclosure  wall  answers  the  purpose  as  well  as  one  made  of  fireproof  materials. 
In  a  case  of  fire,  the  people  \^ill  pass  out  of  the  building  before  the  enclosure  is  burned.  It  b 
impossible  to  make  a  rule  that  will  apply  to  all  cases,  determining  under  what  conditions  tlie 
cheaper  enclosure  is  applicable,  but  open  stairways  should  not  extend  through  more  than  three 
stories  in  any  kind  of  a  building,  in  city  or  country.  In  New  York  City  not  more  than  two  stories 
in  any  building  can  be  connected  by  an  open  well  or  unenclosed  stairway. 


Sec  8-2411  STRUCTURAL  DATA  643 

Slow-burning  enclosures  can  be  made  in  various  ways — with  wood  studding  and  wire 
lath  and  plaster,  or  of  solid  wood  several  layers  thick,  or  otherwise. 

Fireproof  enclosure  walls  should  be  made  bettor  than  the  ordinary  partitions  of  so-called 
fireproof  buildings.  In  buildings  that  are  not  fireproof,  they  should  be  self-supporting  from 
the  foundation  upward,  the  same  as  exterior  walls,  and  made  of  materials  that  will  meet  all 
requirements  of  strength,as  well  as  of  fire  resistance.  In  fireproof  buildings,  enclosure  walls  can 
be  carried  from  floor  to  floor  on  the  fireproof  floor  construction,  or  on  the  steel  or  reinforced 
concrete  framing.  Under  the  New  York  building  law,  such  enclosing  walls  must  be  8  in.  thick 
if  made  of  brick;  6  in.  thick  if  made  of  solid  concrete  or  of  hollow  blocks  of  terra  cotta.  concrete, 
or  gypsum ;  and  4  in.  thick  if  made  of  reinforced  concrete.  Such  walls  can  also  be  made  of  metal 
studding  covered  with  wire  lath  and  plastered  with  cement  mortar,  but  they  must  be  solid  at 
least  2H  in-  thick. 

Enclosure  walls  in  fireproof  buildings  should  also  be  well  constructed.  All  mortar  used 
in  making  them  should  be  cement  mortar.  Their  support  and  connection  at  fioors  and  ceil- 
ings should  be  substantial  and  sufficient  to  resist  any  destructive  force  that  the  wall  itself  will 
resist.  Metal  studding  should  project  into  both  floor  and  ceiling,  and  be  cemented  in  place; 
the  work  should  be  so  designed  that  beams  or  other  steel  construction  will  not  project  through 
the  enclosure  walls.  At  all  points,  the  metal  of  the  steel  frame  should  be  covered  by  at  least 
1 H  in-  of  fireproofing  material. 

Openings  in  such  enclosure  walls  should  be  made  with  corresponding  care.  The  edges 
of  the  openings  should  be  reinforced  with  steel  to  insure  the  strength  of  the  wall  against  the 
weakening  effect  of  the  opening.  Door  and  window  frames  should  be  made  of  metal,  of  wood 
covered  with  metal,  of  fireproofed  wood,  or  of  their  equal  as  a  fire  resisting  material.  The  doors 
and  sash  should  likewise  be  made  of  fire  resisting  materials.  The  windows  should  be  provided 
with  iron  shutters.  Glass,  wherever  it  is  used,  should  be  wire  glass,  and  if  windows  are  badly 
exposed,  the  glass  should  be  in  two  thicknesses,  separated  by  at  least  1  in.  of  air  space.  Sash 
should  be  fitted  with  automatic  self-closing  devices.  Doors  should  open  outwardly  and  should 
be  self-closing.  They  should  not  be  locked  when  the  building  is  inhabited.  Each  story  in  such 
an  enclosure  should  be  provided  with  artificial  light,  which  should  be  as  independent  as  possible 
of  the  other  lighting  in  the  building,  and  as  fully  protected  as  possible  from  injury  by  an}''  fire 
likely  to  occur  in  the  building,  from  within  or  without. 

The  above  specification  is  for  the  best  construction,  but  these  enclosures  are  a  small  part 
of  the  entire  construction  of  a  building,  and  the  additional  cost  that  they  incur  is  not  a  large 
part  of  the  total  cost  of  the  building.  The  evolution  of  stair  construction  has  now  reached  the 
stage  in  which  the  public  demands  the  best  in  these  particulars. 

The  oonstruetioii  demanded  for  stair  encloeurce  in  factories  and  loft  buildings  and  other  places  where  workmen 
and  workwomen  congregate  is,  in  all  its  essential  elements,  the  same  as  required  for  hotels  and  office  buildings,  and 
as  complete  as  herein  specified.  The  finish  may  be  omitted,  and  the  work  may  be  left  in  the  rough,  but  the  oonstruc- 
tion  should  be  equally  substantial  and  the  prevention  of  smoke  equally  certain. 

Some  building  laws  require  "fire  towers.**  A  "fire  tower"  is  an  enclosed  stairway,  as  above  specified,  with 
both  its  doors  and  windows  oiwning  to  the  outside  of  the  building,  and  at  a  point  that  is  not  badly  exposed  by  a  fire 
in  another  building.  Fire  towers  should  be  connected  at  each  floor  to  a  nearby  exit  doorway  from  the  building. 
The  balconies  required  to  make  the  connection  should  be  made  of  substantial  fireproof  construction,  and  as  wide 
as  the  corridors  or  stairs  which  they  serve. 

The  complete  enclosure  of  stairway  shafts  in  city  buildings  should  continue  to  the  ground  floor,  with  an  exit 
leading  as  directly  as  possible  to  the  outside  of  the  buildjng.  Such  stairways  should  abo  continue  to  the  roof,  where 
they  should  be  enclosed  with  a  substantial  fireproof  construction  with  a  skylight  or  windows. 

241.  Elevator  Shafts. — The  walls  of  elevator  shafts  and  the  fireproofing  of  surrounding 
and  supporting  structural  members  should  be  made  with  the  same  care  and  good  workmanship 
called  for  in  the  construction  of  stairway  enclosures.  One  is  quite  as  important  as  the  other. 
If  there  are  only  two  elevators  in  a  building,  they  should  have  separate  shafts.  New  York 
City  does  not  permit  more  than  two  elevators  in  one  shaft,  and  whether  there  is  any  regulation 
in  regard  to  it  or  not,  the  separation  of  elevators  in  large  city  buildings  into  two  or  three  or  more 
shafts  is  very  desirable. 

Th^  siz^  of  elevators,  as  well  as  their  number,  depends  upon  the  service  required^    These 
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factors  must  be  determined  or  assumed  before  the  number  and  size  of  the  shafts  can  be  fix«L 
The  horizontal  clearance  in  the  shafts,  at  the  sides  of  the  elevators,  depends  upon  the  eai€  or 
character  of  the  guides  or  rails  which  are  used  and  the  construction  of  the  car,  and  the  clearmnce 
required  behind  the  car  for  the  counterweight  depends  upon  the  size  of  the  counterweiffht.  A 
clearance  of  3^  in.  on  each  side  of  the  car  is  the  least  allowance  for  iron  rails  and  a  lecoeed 
car.  If  the  rails  are  extra  heavy  or  their  supports  unusually  difficult,  this  clcsarance  most  be 
increased.  Wood  rails  require  more  clearance  than  iron  rails.  If  the  pilaster  effect  in  a  car 
on  account  of  making  a  recess  for  the  guides  is  objectionable,  and  the  side  of  the  car  is  nude 
straight,  a  6-in.  clearance  is  the  least  that  should  be  allowed,  even  with  iron  guides. 

The  space  required  for  counterweights  is  never  less  than  8H  in.,  and  a  greater  allowance  if 
desirable.  A  clearance  of  ^  to  1^  in*  in  front  of  the  car  should  also  be  aUow<Kl.  New  Yod 
City  does  not  permit  more  than  l^i  in.  If  the  threshold  of  the  doorway  is  constructed  to 
project  into  the  area  of  the  shaft  to  make  this  clearance  satisfactory,  the  under  side  of  the  pro- 
jection should  be  beveled  to  the  line  of  the  shaft  as  a  measure  of  safety. 

The  above  clearances  are  on  the  basis  of  elevator  guides  on  the  sides  of  the  car  and  counter- 
weights in  the  same  shaft.  Ck)rner  guides  are  very  undesirable,  and  counterweights  in  separmle 
shafts  where  they  can  not  be  readily  seen  are  also  objectionable.  The  simplest  arraQgement  of 
these  details  is  the  best  and  ordinarily  the  most  economical  in  construction.  If  an  elevator 
shaft  is  constructed  with  given  clearances  for  a  proposed  size  of  car,  it  is  necessary  that  tk 
erection  of  the  shaft  construction  be  perfectly  plumb  to  permit  the  size  of  car  as  proposed.  If 
the  shaft  is  not  plumb,  the  size  of  the  car  will  have  to  be  reduced,  for  the  guides  must  be  veitieai 
whether  the  walls  of  the  shaft  are  or  not. 

The  clearance  required  overhead  for  the  car  depends  upon  the  speed  of  the  elevator.  Tic 
New  York  regulations  call  for  2  ft.  when  the  speed  is  not  over  100  ft.  per  minute,  and  5  ft.  if 
the  speed  exceeds  350  ft.  per  minute,  and  these  regulations  represent  the  best  practice.  Tie 
clearance  is  measured  from  the  top  of  the  car,  when  it  is  in  position  at  the  top  floor  of  the  bnild- 
ing,  to  the  under  part  of  the  lowest  overhead  construction.  The  clearance  overhead  for  the 
counterweights  depends  upon  the  type  of  the  elevator.  The  New  York  regulations  require  not 
less  than  6  in.  for  traction  and  hydraulic  elevators,  and  not  less  than  3  ft.  for  drum  type  de- 
vators,  when  the  pit  bufifer  is  completely  compressed.  If  the  shaft  is  covered  with  a  floor  under 
the  construction  supporting  the  machinery,  these  clearance  measurements  would  be  to  the 
under  part  of  the  floor.  They  should  in  any  case  be  ample,  and  the  extra  expense  for  maki^i: 
them  so  is  ordinarily  not  worth  considering. 

Most  building  laws  require  a  grating  or  floor  construction  under  the  overhead  sfaeam 
and  their  supports.  Whether  this  is  required  or  not,  such  construction  is  desirable  and  it  shooU 
be  made  substantial.  The  best  method  is  to  make  a  concrete  floor  provided  with  grated  opes- 
ings  under  the  lowest  sheaves  and  under  the  lowest  supporting  sheave  beams,  covering  tbe 
entire  area  of  the  shaft.  The  grating  is  desirable  to  permit  of  the  exit  of  smoke  that  might  fini 
its  way  into  the  shaft  in  spite  of  all  efforts  to  prevent  it.  The  grating  should  be  suflScieottf 
close  to  prevent  ordinary  tools  from  falling  through. 

Ordinarily  8-ft.  head  room  above  this  overhead  floor  will  afford  ample  room  for  the  i^iewti 
and  their  supports  and  for  taking  care  of  them.  If  the  machinery  is  over  the  elevators,  this 
space  should  be  increased  3  or  4  ft.,  and  a  separate  floor  should  be  constructed  inunediat^ 
under  the  machinery.  If  the  machines  are  over  the  elevators,  the  room  containing  the  mft- 
chines  should  be  incorporated  into  the  shaft  construction,  and  in  either  case,  all  the  overhead 
construction  should  be  thoroughly  fireproof  and  substantial,  and  should  be  well  lighted  witk 
skylights  or  windows. 

No  rules  can  be  made  for  the  framing  around  elevator  shafts  in  either  steel  or  reinforced 
concrete  construction.  Nearly  every  building  is  a  new  problem.  Guide  rails  should  be  sop- 
ported  every  12  or  15  ft.,  and  where  story  heights  are  greater,  the  framing  of  an  intermediite 
support  is  necessary. 


In  designinc  a  large  building,  it  is  important  to  obtain  a  preliminary  layout  for  the  elevatoiB  from  some 
facturer  of  elevators  before  completing  the  design.  From  such  a  layout  the  elevator  loada,  taken  into  the  eohnsBi. 
can  be  determined  and  provided  for.  and  any  change  in  the  layout  made  afterwards  is  not  likely  to  m^t^wimSfy  a)ur 
the  distribution  of  the  loads  so  determined. 
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When  the  elevator  machinery  ia  in  the  baaement,  the  total  load  for  eaoh  elevator  b  equal  to  the  weight  of  the 
car,  plus  a  live  load  of  75  lb.  per  sq.  ft.  of  oar  floor,  multiplied  by  2,  plua  the  weight  of  the  cables.  The  weight  of 
the  car  and  its  live  load  ia  multiplied  by  2  to  cover  the  counterbalance  and  lifting  load.  The  total  load  to  be  taken 
eare  of  in  the  construction  of  the  building  is  two  times  this  result.  The  second  multiplication  by  2  covers  impact 
and  other  minor  factors. 

When  the  elevator  machinery  is  at  the  top  of  the  building,  the  load  is  somewhat  reduced  so  far  as  the  lifting 
la  ooncemed,  but  the  weight  ol  the  machinery  itself,  which  is  considerable,  is  added.  The  framework  provided  for 
the  support  of  the  beams  which  carry  the  sheaves,  is  regarded  as  a  part  of  the  construction  of  the  building.  Very 
heavy  beams  are  sometimes  required  for  this  purpose.  The  requirements  must  be  determined  from  the  layout 
of  the  elevators,  and  if  the  original  calculation  is  made  from  a  preliminary  layout,  the  design  should  be  re-examined 
iM^hen  the  final  layout  is  provided.  The  beams  that  carry  the  sheaves,  ordinarily  termed  "sheave  beams,"  arc  in> 
eluded  as  a  part  of  the  elevator  contract,  and  not  a  part  of  the  construction  of  the  building. 

All  elevators  have  buffers  and  must  be  constructed  with  pits,  or  with  extensions  of  the  elevator  shaft  below 
the  lowest  level  to  which  the  elevator  is  to  descend.  If  the  elevator  is  to  stop  at  the  first  floor,  and  there  is  a 
baaement  in  the  building,  and  it  is  desirable,  it  will  be  sufficient  to  extend  the  elevator  shaft  to  the  basement  floor, 
and  to  construct  the  walls  with  a  doorway  from  the  basement  into  the  shaft.  Two  or  more  shafts  of  this  character 
adjoining  each  other  should  be  connected  in  the  basement  by  doorways.  If  the  machinery  is  in  the  basement,  the 
machine  room  should  be  of  fireproof  construction  adjoining  the  shafts,  and  connected  to  them  by  doorways  in  the 
baaement. 

If  it  is  desired  to  have  one  or  more  elevators  run  to  the  basement,  the  shafts  should  be  constructed  with  the 
pits  below  the  basement  floor  the  full  sise  of  the  shaft.  These  pits  should  be  made  of  masonry,  waterproof,  and  not 
leas  than  4  ft.  in  depth.  If  the  speed  of  the  car  exceeds  400  ft.  i>er  minute,  the  pit  should  be  6  ft.  deep.  There  are 
two  things  that  may  make  the  construction  of  these  pits  difficult:  (1)  the  possible  effect  they  may  have  upon  the 
design  of  the  foundations  of  the  building,  and  (2)  the  waterproofing  of  the  walls  and  floor  so  that  the  pit  shall  be 
perfectly  dry.  The  best  way  to  meet  the  foundation  diffictdty  is  to  keep  the  pit  away  from  the  foundations,  though 
that  may  involve  the  whole  scheme  of  the  elevator  arrangement.  The  pit  should  always  be  waterproofed,  but  some- 
timea  the  work  must  be  especially  well  done  to  keep  the  pit  dry. 


TANKS 

By  H.  J.  BuKT 

842.  Sprinkler  Tanks. — For  the  highest  grade  service,  two  tjrpes  of  tanks  are  used  jointly 
— ^a  pressure  tank  and  a  gravity  tank.  The  pressure  tank  provides  the  high  pressure  which  is 
needed  at  the  beginning  of  the  fire.  (In  very  large  installations,  it  is  advisable  to  make  two 
units  of  the  pressure  tank.)  The  gravity  tank  when  used  with  the  pressure  tank,  furnishes  the 
reserve  supply,  and  comes  into  action  when  the  pressure  in  the  pressure  tank  has  dropped  to  a 
point  where  the  water  will  flow  from  the  gravity  tank  into  the  pressure  tank.  The  gravity 
tank  is  set  at  such  an  elevation  that  it  will  give  an  effective  pressure  at  the  highest  sprinkler 
head,  though  not  as  great  as  given  by  the  pressure  tank. 

In  a  less  efficient  installation,  the  gravity  tank  alone  may  be  used.  In  cases  where  only  a  few  heads  are  in- 
stalled, the  house  tank  may  be  used  as  a  supply,  but  the  practice  should  not  be  followed  to  any  extent,  and  if  used, 
the  house  tank  should  be  increased  in  sise  and  arranged  so  that  the  sprinkler  supply  is  constant  and  cannot  be 
reduced  by  the  house  service  demands. 

The  all  essential  thing  about  pressure  tanks  is  to  have  them  air-tight.     All  tanks  must  be  water-tight. 

242a.  Location  of  Sprinkler  Tanks. — If  ground  space  is  available,  and  particu- 
larly if  several  buildings  are  to  be  served  from  the  gravity  tank,  it  is  desirable  to  make  the  tank 
structure  independent  of  the  building.  Steel  water-towers,  which  have  been  highly  developed 
and  standardized  by  a  number  of  manufacturers,  are  best  suited  for  this  purpose. 

If,  as  is  usually  the  case  in  cities,  space  outside  the  building  is  not  available  for  this  struc- 
ture, the  tanks  must  be  supported  on  the  building.  The  structural  problem  of  carrying  the 
weight  will  usually  govern  the  location,  although  in  some  instances  appearance  will  have  an 
influence.     The  following  cases  illustrate  locations  and  methods  of  support: 

On  narrow  buildings,  say  fiO  ft.  or  less  in  width,  having  masonry  supporting  walls,  trusses  may  be  used,  span- 
ning from  wall  to  wall.  The  position  selected  for  the  trusses  will  be  governed  by  any  other  features,  such  as  chim- 
neys, i>ent  houses,  etc.,  that  need  to  be  cleared.  The  walls,  as  normally  built,  will  most  likely  have  the  necessary 
strength  to  carry  the  load,  and  to  distribute  it  over  a  considerable  length  of  foundation.  Fig.  389  illustrates  a 
structure  of  this  description. 
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Four  of  the  buildins  eolumna,  if  of  fireproofod  steel  or  concrete,  mfty  be  aelected  to  support  the  tank,  and  be 
deaisned  to  carry  the  additional  weight.  The  weight  of  the  tank  atruoture  and  the  water  should  be  treated  as  dead 
load  in  its  effect  on  the  foundations. 

FSg.  390  illustrates  a  ease  when  the  wall  of  the  building  furnishes  support  for  one  side  of  the  tank  structure  and 
two  new  columns  have  been  inserted  in  the  building  to  support  the  other  side. 

If  there  are  masonry  walls  enclosing  an  elevator  or  stair  shaft,  they  may  provide  the  support  for  the  tank. 
They  may,  if  desired,  be  extended  upward  to  form  a  tower  enclosing  the  tanks.     Fig.  391  illustrates  such  a  case. 

The  pressure  tank  may  be  placed  in  the  basement  or  put  underground  outside  the  building.  In  such  cases 
it  nnust  oi>erate  under  greater  air  pressure.  Such  location  makes  the  piping  more  complicated  if  a  gravity  tank  also 
ia  used.     It  is  not  recommended  if  it  can  be  avoided. 

2426.  Supports  for  Gravity  Tanks. — The  design  of  the  supports  for  gravity 
tanks  involves  gravity  loads  and  wind  loads.  Gravity  tanks  are  treated  as  dead  loads,  the 
tanks  being  filled  to  capacity.  No  deductions  are  made  as  is  done  for  floor  loads.  Tanks  and 
tank  structures  are  usually  in  exposed  situations,  and  it  is  recommended  that  they  be  designed 
to  resist  a  wind  pressure  of  30  lb.  per  sq.  ft.  on  the  projected  area  of  tank  and  supports. 


Cross  Sec+fon 


elevation 


Longtfudinal  Secfion 


Flo.  391. — Sprinkler  tank  supported  by  brick  tower  which  houses  pressure  tank  over  elevator  shaft. 


The  gravity  and  wind  stresses  arc  concurrent.  The  supports  will  be  designed  for  the  maximum  combinations 
of  stress.     If  with  an  empty  tank,  the  wind  produces  an  uplift  at  any  bearing,  suitable  anchorage  must  be  supplied. 

The  wood  tank  must  be  supported  on  chime  joints  so  cut  as  to  clear  the  ends  of  the  staves  and  thus  receive  the 
whole  load  from  the  tank  bottom.  It  will  generally  be  advantageous  to  specify  the  standard  sises  of  local  wood 
tank  manufacturers. 

It  is  desirable  that  supports  within  the  building  be  fireproof. 

242c.  Pressure  Tanks. — The  pressure  tank  is  a  steel  cylinder  placed  horizontally 
with  segmental  ends.  The  usual  working  pressure  when  placed  on  top  of  the  building  is  75  lb. 
per  sq.  in.     The  tank  should  be  designed  for  a  greater  pressure,  say  100  lb.  per  sq.  in. 

The  stress  on  a  longitudinal  joint  per  linear  inch  is  P  X  r,  P  being  the  pressure  in  pounds 
per  square  inch  and  r  the  radius  in  inches.     The  stress  on  a  circumferential  joint  per  linear 

inch  is  P  X  2*     T^'^  is  the  stress  on  the  joint  connecting  the  segmental  ends  to  the  cylinder,  and 

is  also  the  stress  in  the  head  if  the  head  is  a  full  hemisphere.     P  »  100  lb. 

Assume  a  tank  of  0-ft.  diameter,  or  r  >■  36  in.,  joint  efficiency  50  %,  and  unit  stress  16,000  lb.  per  sq.  in.  Then 
the  stress  on  longitudinal  joint  -■  100  X  36  »  3600  lb.  per  linear  inch,  and  the  thickness  of  plate  required  ■■ 

(ifl;ooo)7o:60) "  ®**  '"•  "■*  ^•■'"-  p'- **• 

The  stress  in  the  joining  of  the  segmental  end  to  the  cylinder  is  100  X  18  ■"  1800  lb.  per  lin.  in.,  and  the  thick- 

1800 
of  plate  required  for  the  segmental  end  »  , .  „  ^p^.  .,>  -^>  ■■  0.225  in.,  say  K  in-     On  account  of  the  workre- 


(16,000)  (0.50) 

quired  in  shaping  the  head,  it  is  desirable  to  make  it  thicker  than  the  computed  amount,  and  to  adopt  ^  in.  as  a 
minimum. 
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Careful  designing  of  the  riveting  of  the  joints  may  give  an  efficiency  greater  than  50%  and  thm 
thiokneaa  of  plate. 

Under  normal  working  conditions,  the  pressure  tank  is  %  full  of  water,  the  other  Ibiti 
being  air  space.  In  giving  the  capacity,  the  water  space  only  is  indicated.  Given  the  tc^udt 
of  water,  multiply  it  by  IM  to  get  total  volume  of  the  tank. 

The  tanks  are  set  in  two  saddles  made  of  wood  or  cast  iron,  as  shown  in  Fig.  391.  Tbae 
supports  should  be  at  approximately  the  quarter  points.  The  supporting  beams  should  be  m 
designed  that  they  will  be  capable  of  supporting  the  tank  when  full  of  water. 

The  appurtenances,  such  as  manholes,  gages,  pipe  connections,  and  enclosure,  must  be  ai 

required  by  the  regulations  of  local  authorities  or  the  inBonuKf 
representatives. 

242(2.  Gravity  Tanks. — The  gravity  tank  ii 
usually  a  cylindrical  tank  and  may  be  constructed  of  steel 
concrete,  or  wood. 

The  steel  tank  with  a  hemispherical  bottom  is  the  moel 
satisfactory  type  if  conditions  permit  its  use.  This  type  hst 
been  standardized  by  a  number  of  manufacturers.  Tbeir 
designs  can  be  checked  or  new  designs  made  as  explained  ic 
Ketchum's  "Structural  Engineers'  Handbook,"  p.  365.  Tlas 
form  of  tank  may  be  used  whether  set  on  an  independent  tover 
outside  the  building  or  on  a  special  tower  on  top  of  the  buildiap 
(see  Fig.  392). 

Concrete  tanks  can  be  made  but  are  not  much  used.  The 
expense  of  forms  and  of  constructing  the  small  yardage  of 
concrete  at  such  a  height,  makes  them  uneconomicaL  Conctete 
tanks  can  best  be  made  with  flat  bottoms. 

Wood  tanks  are  cheapest  and  least  durable,  but  will  pn 
good  service  if  well  built  and  well  maintained. 

242e.  Design  of  a  Cylindrical  Gravity  Tank.— 
The  stress  on  the  longitudinal  seam,  or  section,  of  a  cylindrical 
tank  is  Pr  per  linear  inch  as  given  on  p.  647.  If  the  cylinder 
is  vertical,  the  pressure  P  at  any  level  is  0.434^,  H  being  the 
depth  in  feet  below  the  surface  of  the  water. 

Assume  for  example  a  tank  16  ft.  in  diameter,  and  20  ft 
high;  then  the  maximum  stress  on  the  cylinder,  i.e.,  just  aborc 
the  bottom,  =  0.434  X  20  X  8  X  12  =  833  lb.  per  sq.  in.  Thii 
stress  must  be  resisted  by  the  plate  of  a  steel  tank,  the  reinforcing  rods  of  a  concrete  tank,  or 
the  hoops  of  a  wood  tank. 

For  the  sled  tank,  a  unit  stress  of  16,000  lb.  per  sq.  in.  will  be  used,  with  50%  effi- 

833 

ciency  of  joint,  or  8000  lb.  per  sq.  in.  on  the  gross  area.     The  sectional  area  required  =  ^^  = 

0.104  sq.  in.  This  being  a  section  1  in.  high,  the  thickness  required  is  0.104  in.  A  H-in.  pbte 
will  be  sufficient  for  the  stress,  but  for  surety  of  calking  and  durability,  Me  or  even  ^  in.  mxr 
be  considered  the  desirable  minimum. 

For  the  concrete  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used.     Thus  the  Bted 

833 
required  per  inch  of  height  is  ^o  qqq  =  0.07  sq.  in.     Round  rods  }i  in.  in  diameter  have  u 

area  of  0. 1963  sq.  in.  and  are  to  be  spaced  2^  in.  apart  at  the  bottom.  Likewise,  the  spacing  and 
size  are  computed  at  successive  elevations  up  the  sides  of  the  tank.  Low  unit  stresses  are  used 
for  the  rods  to  avoid  stretch  that  might  produce  minute  cracks. 

For  the  toood  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used  for  the  hoops.     Then 

833 
the  steel  required  per  inch  of  height  ^T^Tinn  '^  ^'^^  ^'  ^^-     Hound  rods  ^  in.  in  diameter, 


Fia.  392. — General  plan  of  40,000- 
gallon  tank  and  tower. 
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tutving  a  net  area  (in  the  thread)  of  0.30  sq.  in.  can  be  spaced  4.H  in.  centers  near  the  bottom, 
and  at  wider  distances  upward  toward  the  top.  Round  rods  must  be  used;  flat  bars  are  not 
permissible  on  account  of  rapid  corrosion.  Low  unit  stresses  are  used  for  the  rods  to  allow  for 
initial  stress. 

The  flat  tank  bottom  can  be  considered  as  a  series  of  beams  1  in.  wide  and  designed  accord- 
ing to  the  weight  of  the  water  and  the  spacing  of  the  supports.  The  bottom  of  a  steel  tank  will 
nut  be  less  in  thickness  than  the  lowest  course  of  side  plates.  The  bottom  of  a  concrete  tank 
^U  not  be  less  than  3  in.  and  may  be  cast  integral  with  the  supporting  beams. 

The  bottom  of  a  wood  tank  will  not  be  less  than  1^  in.  net  thickness. 

For  details  of  the  design  of  steel  tanks,  see  Ketchum's  "  Structural  Engineers'  Handbook,"  p.  366. 
For  details  of  the  design  of  concrete  tanks,  see  Hool  and  Johnson's  "Concrete  Engineers'  Handbook,"  p.  705. 
For  details  of  the  design  of  wood  tanks,  see  "  Regulations  of  the  National  Board  of  Fire  Underwriters  for  the 
Installations  of  Gravity  and  Pressure  Tanks." 

243.  House  Tanks. — In  important  buildings  it  is  generally  necessary  to  provide  one  or 
more  tanks  for  water  supply.  Various  local  conditions  require  their  use.  The  pressure  of  the 
public  supply  may  not  be  sufficient  to  deliver  water  to  the  upper  floors,  or  the  public  supply 
may  be  unreliable  as  to  pressure,  and  it  is  always  subject  to  accident  or  to  heavy  draft  for  Are 
purposes.  Accordingly,  the  tank  is  designed  to  secure  tl)e  proper  pressure  for  the  upper  floors 
to  which  the  city  supply  will  not  reach,  also  to  act  as  an  equalizer  between  the  pump  discharge 
and  the  building  demand  and  provide  a  supply  for  a  short  period  of  time  in  the  event  of  the 
shutting  down  of  the  service.  The  lower  floors  should  be  taken  care  of  by  the  service  pressure 
if  such  does  not  complicate  the  piping  system. 

The  supply  may  come  from  a  private  well;  or,  treated  water  may  be  used  for  drinking  or 
culinary  purposes,  thus  making  a  tank  necessary. 

243a.  Capacity  of  House  Tanks. — The  capacity  required  varies  with  the  uses 
and  conditions.  No  very  deflnite  rules  can  be  given.  If  the  pumping  plaat  is  automatic,  the 
storage  need  be  only  enough  for  two  or  three  hours  of  maximum  use.  If  the  plant  requires 
manual  operation,  two  or  more  pumpings  a  day  may  be  planned.  For  very  small  buildings, 
1000-gal.  capacity  is  ample,  increasing  from  this  size  to  2000  or  2500  gal.  Beyond  this  size, 
it  is  generaUy  advisable  to  install  two  tanks,  cross  connected  and  valved  so  that  either  may  be 
thrown  out  of  service  for  cleaning  purposes. 

It  is  advisable  to  make  the  tank  as  small  as  practicable,  so  that  the  water  may  be  changed  frequently  and  re- 
main fresh.  In  large  important  buildings,  such  as  hotels,  etc.,  it  is  advisable  to  provide  two  services  from  two  street 
fronts  if  practicable,  to  avoid  interruption  in  the  service  to  the  house  tank  supply.  The  available  space  for  the 
tank  and  the  cost  of  installation  may  have  an  influence  in  deciding  the  capacity. 

2436.  Location  of  House  Tanks. — The  storage  must  be  of  course  above  the 
highest  fixture  to  be  served.  The  usual  location  is  in  the  attic  space  or  in  a  pent-house  above 
the  roof.  In  the  latter  case,  it  is  desirable  to  locate  it  adjacent  to  the  elevator  pent-house,  to 
avoid  the  building  of  a  separate  house.  In  some  cases  it  may  be  enclosed  in  a  stairway  pent- 
house. It  should  be  enclosed  for  protection  against  dirt  and  against  freezing.  Heating  may 
be  necessary. 

243c.  Constmction  Materials. — The  tank  may  be  constructed  of  either  steel, 
concrete,  or  wood.  Steel  is  preferable,  as  it  can  be  readily  made  water-tight  and  with  reason- 
able maintanance!will  be  permanent.  Its  cost  will  be  greater  than  concrete  or  wood.  Con- 
crete may  be  used  but  will  require  special  care  in  construction  to  make  it  water-tight,  especially 
at  pipe  connections.     Its  use  would  be  appropriate  only  in  a  concrete  building. 

Wood  is  the  cheapest  material,  and  can  be  made  tight  if  sufficient  care  is  used  in  construction.  It  cannot  be 
considered  permanent.  Greater  security  against  leakage  in  rectangular  tanks  can  be  secured  by  lining  with  sheet 
lead  or  with  tin  plate  having  soldered  joints.     The  wood  is  more  likely  to  rot  if  the  tank  is  lined  than  if  it  is  unlined. 

243<i.  Details  of  House  Tanks. — The  supply  pipe  should  be  run  over  the  top  of 
the  tank,  or  its  outlet  placed  at  the  level  of  the  overflow ;  otherwise,  any  failure  of  its  supply  or 
leakage  through  the  pump  will  drain  the  tank.  Connection  of  the  supply  pipe  to  the  distribut- 
ing system  is  objectionable  for  the  above  reason  and  the  added  reason  that  it  transmits  yibra- 
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tions  throughout  the  distributing  system.     The  outlet  should  be  2  or  3  in.  above  the  botfawt  tt 
allow  for  the  deposit  of  sediment,  but  a  drain  should  be  taken  f  ram  the  bottom  tasecure  tt 

cleaning  when  neceaaary. 
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U3e.  House  Tank   Design — Rectangular  Wooden  Tanks. — Assume   tank  13  ft. 
long,  6  ft  wide  and  6  ft.  deep  (Fig.  393).     The  unsupported  length  of  side  plank  is  72  in.     Mui- 


Fia.  aea, — Rectangular  woodeo  tank. 

mum  pressure  near  bottom  of  tank  is  0.44^  =  2.64  lb.  per  sq.  in.,  or  380  lb.  per  sq.  ft.    lit 

2.64  X  72  X  72 
bending  moment  on  a  strip  1  in.  high  (as  simple  beam)  = 5 —  1710  in.-l». 

The  appropriate  thickness,  (,  of  plank  can  be  determined  from  this  bending  moment.     AUoviic 
a  fiber  stress  of  1400  lb.  per  sq.  in.,  we  have  H  X  14001'=  1710.    t  =  2.7  in.     Use  3-in.  piuA 
(net  thickness  dressed  2^i  in,).     This  tliickness  is  suitable  for  sides,  ends,  and  bottom. 
The  buck  stay  is  designed  as  follows: 

Total  load  -  6  X  6  X  ^  =  6840  lb. 

Stress  in  top  rod  (H)  -  2280  lb. 

Stress  in  bottom  rod  0i)  =  4560  lb. 

Af.  (approx.)  =  HX  6840  X  6  =  5130  ft.-lb.  =  61,560  in.-lb. 

This  requires  a  6  X  8-in.  timber. 

The  maximum  rod  stress  given  above  requires  0.28  sq.  in.  net  section  computed  at  16,300 
lb.  per  sq.  in.  but  as  this  rod  will  have  an  initial  stress  due  to  cinching  up  the  tank  and  may  hin 
additional  stress  from  swelling  of  the  wood  it  is  considered  expedient  t«  use  Ji-ia.  round  nd 
having  a  net  area  of  D.41  sq.  in. 

The  vertical  rods  have  no  stress  from  water  pressure  but  have  the  cinching  and  BwdGni 
stresses  referred  to  above.     For  simplicity  of  design  ^^-in.  round  rods  will  be  used  throu^ioat 

Cfprw,  red  wood,  fir  and  long  leaf  pine  are  siiiubte  fnr  Canlc  oonalruttion.  No  naib.  aeren,  or  bolti  itiHU 
be  DMd,  the  Unk  being  held  tugether  with  timben  and  roda  a*  aliowa.  Sill*  an  uMd  to  allow  dreulatioa  tl  u 
under  the  tank,  to  avoid  decay.  The  silk  must  be  notched  ii  oeceuRry  bo  that  the  Unk  bottom  will  bear  dinctli 
thereon.  No  painting  is  permiHible  on  the  pluks.  They  are  Left  free  to  abgotb  the  waler.  tbua  pnmliat 
ng  decay.  The  tie  roda  and  litdnfta  should  ba  heavily  painud  vithnd 
•d  or  aplined  and  aet  in  a  pai(«  of  white  lead  and  oil. 
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RedanffiUar  Concrete  Tanks. — The  pressures  and  their  application  are  the  same  for  concrete 
tanks  as  described  for  wood  tanks.  Two  sets  of  rods  must  be  used  in  each  slab,  placed  at  right 
angles  to  each  other,  whether  required  by  the  stresses  or  not.  This  is  to  prevent  cracks. 
The  vertical  rods  of  the  sides  and  ends  should  be  continuous  with  the  bottom  rods,  i,e.,  the  rod 
should  extend  down  one  side,  across  the  bottom,  and  up  the  other  side.  The  horizontal  rods 
in  the  sides  and  ends  should  be  continuous  around  the  perimeter  of  the  tank  and  spliced. 

The  concrete  must  be  of  »  very  dense  mixture  to  meet  both  the  structural  and  waterproof  requirements.  The 
concrete  may  be  made  waterproof  as  explained  in  Sec.  5,  Art.  20. 

The  pan  for  a  concrete  tank  may  be  made  by  forming  it  of  a  membrane  waterproofing  laid  directly  on  the 
conerete  floor,  and  covering  it  carefully  with  at  least  3  in.  of  concrete. 

Cylindrical  Tanks. — The  sizes  of  cylindrical  tanks  for  house  supply  are  so  small  that 
minimum  sections  will  generally  be  used. 

For  steel  tanks  ^irin,  plate  should  be  used  throughout. 

For  concrete  tanks,  the  walls  and  bottom  should  be  3  in.  thick.  The  circumferential  rods 
should  be  ?^-in.  rounds  spaced  3  in.  on  centers,  and  the  vertical  rods  should  be  of  the  same 
diameter  spaced  1  ft.  on  centers.  For  the  bottom,  ^-in.  rods  should  be  used,  both  direc- 
tions, spaced  4  in.  on  centers  with  the  ends  bent  up  into  the  walls  6  to  8  in. 

For  wooden  tanks,  staves  and  bottom  should  be  not  less  than  1 H  in.  thick,  net.  The  rods 
should  be  ^-in.  rounds  spaced  6  in.  on  centers  near  the  bottom  and  12  in.  maximum  near  the 
top. 

If  the  tank  is  over  10,000  gal.  capacity,  it  should  be  designed  as  illustrated  in  Art.  242e. 

214.  Gasolene  Tanks. — ^Local  building  regulations  should  be  consulted  in  regard  to  gaso- 
lene tanks  Good  practice  requires  gasolene  tanks  to  be  buried  in  the  ground  and  covered  with 
not  less  than  5  ft.  of  earth;  and  to  be  placed  outside  the  walls  of  the  building.  Before  being 
placed,  tanks  should  be  given  a  heavy  coat  of  asphalt  paint.  After  being  set  in  place  with  all 
fittings  attached,  and  before  being  covered,  they  should  be  tested  with  a  pressure  of  75  lb. 
per  sq.  in. 

Ga8<4ene  tanks  and  their  fittings  are  standardised  by  the  manufacturers,  and  their  standards  should  be  fol- 
lowed.    The  thickness  of  s  hell  and  the  riveting  can  be  chocked  on  the  basis  of  the  test  pressure  of  75  lb.  per  sq.  in. 

The  sise  of  tank  may  be  limited  by  municipal  regulation.  The  quantity  to  be  stored  can  best  be  determined 
from  the  needs  of  the  industry  served.  The  ordinary  tank-car  holds  about  10.000  gal.  If  purchased  by  the 
oar-load,  the  storage  provided  should  be  about  50%  in  excess  of  the  car-load. 

If  no  local  regulations  govern  the  construction  and  placing  of  the  tank,  it  should  conform  to  the  regulations 
of  the  National  Board  of  Fire  Underwriters  for  the  Installation  of  Containers  of  Haaardous  Liquids. 


WIND  BRACING  OF  BUILDINGS 
By  H.  J.  Burt 

It  is  assumed  that  wind  pressure  acts  horizontally  and  exerts  a  uniform  pressure  over  the 
entire  surface  of  the  windward  side  of  the  building.  Although  in  certain  localities,  as  along 
the  Gulf  Coast,  the  severe  storms  come  from  one  direction,  it  is  customary  to  assume  that  the 
maximum  pressure  may  be  in  any  direction.  In  designing  wind  bracing  it  is  not  considered 
necessary  to  take  into  account  the  suction  on  the  leeward  Side,  the  greater  pressure  at  the  cor- 
ners of  the  building,  or  the  variation  of  pressure  with  height.  It  is,  of  course,  permissible  to  take 
advantage  of  the  protection  afforded  by  adjacent  permanent  buildings. 

2i6.  Wind  Pressure. — The  formula  commonly  used  for  expressing  the  relation  between 
wind  velocity  and  pressure  is:  P  =  0.0047*,  in  which  V  is  the  velocity  in  miles  per  hour,  and 
P  the  pressure  in  pounds  per  square  foot.  This  formula  is  of  little  practical  use  because  of  the 
uncertainty  of  the  velocity  to  be  provided  for.  For  80  miles  per  hour,  it  gives  a  pressure  of  25.6 
lb.  per  sq.  ft. 

The  pressure  mo6t  commonly  used  is  20  lb.  per  sq.  ft.  of  projected  area.  This  is  required 
by  building  codes  of  some  cities.  The  City  of  New  York  Building  Code  of  1917  requires  30  lb. 
per  sq.  ft. 
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Where  legal  requirexnento  do  not  govern,  it  may  be  permiaBible  to  use  15  lb.  per  aq.  ft.  on  low  mill 
where  storm  conditions  are  not  likely  to  be  severe.     There  are  other  situations  where  30  lb.  or  even  40  lb.  psi^ 
ft.  are  justified,  such  as  for  very  high  buildings  and  for  buildings  having  large  open  spaces  with  few  partitaoai  tat 
floors.     A  high  wind  pressure  should  also  be  used  in  tbe  design  of  towers  and  signs,  and  for  buiidin^B  in  loralitiB. 
subject  to  hurricanes. 

246.  Effects  of  Wind  Pressure. — ^The  effects  of  wind  pressure  are:  (a)  a  tendency  te 
overturn  the  building  as  a  unit,  which  must  be  resisted  either  by  the  dead  weight  of  the  buHdim 
or  by  anchorage;  and  (b)  a  tendency  to  collapse  the  building,  which  must  be  resisted  by  tk 
structural  parts  of  the  building. 

247.  Path  of  Stress. — The  wind  pressure  must  ultimately  be  resisted  by  the  foundatioii  n 
of  the  building.  It  is  applied  to  the  wall  surfaces,  including  windows;  it  is  then  transmitted  tu 
the  floors  or  columns;  and  thence  through  the  structural  framing  or  cross-walls  to  tbe  fouodfr- 
tions.  The  path  must  be  continuous  and  as  direct  as  possible,  and  all  members  along  the  pcth 
must  be  capable  of  transmitting  the  stress  in  addition  to  their  other  functions.  Several  alternate 
systems  of  bracing  may  be  devised  for  a  given  building.  The  one  to  be  preferred  structunlhr 
is  that  which  is  most  direct  from  the  exposed  surface  to  the  foundations,  but  the  architectunl 
requirements  may  compel  a  more  devious  routing.  .  Wherever  possible,  advantage  is  takes 
of  the  members  required  by  the  gravity  loads. 

248.  Unit  Stresses. — As  maximum  wind  stresses  occur  only  at  long  intervals  it  is  allowable 
to  use  a  higher  unit  stress  than  for  gravity  loads.  It  is  well  established  practice  to  specif y  thai 
for  stresses  produced  by  wind  alone  or  combined  with  gravity  stresses,  the  units  may  be  in- 
creased 50%;  but  the  section  must  be  not  less  than  required  for  the  gravity  loads. 

249.  Resistance  to  Overturning. — The  wind  pressure  on  a  building  tends  to  rotate  it  aboot 
a  horizontal  axis  at  the  ground  level  or  at  the  foundation  level  on  the  leeward  side. 

Aosume  a  masonry  building  40  X  100  ft.  in  plan,  and  120  ft.  ■ 
height.     The  maximum  overturning  moment  about  tfaia  axis  m: 

100  Oength)  X  120  (height)  X  20  (pressure)  X  60   (moment 

arm)  -  14,400.000  ft.-lb. 

To  determine  the  resisting  moment,  the  dead  weight  muat  be  eoM- 
puted,  but  for  purpose  of  illustration  it  is  assumed  in  this  ease  l9 
be  6,000,000  lb.     The  resistance  to  overturning  is: 

Weight  X  H  width  -  6.000.000  X  20  -  120,000.000  ft.-Ib. 

This  gives  a  wide  margin  of  safety.  The  ratio  of  reaistanoe  to  over- 
turning should  be  not  less  than  IH  to  1. 

Assume  a  steel  mill  building  shown  in  section.  Fig.  394.  At- 
sume  panel  lengths  of  20  ft.,  and  that  each  panel  is  fully  faraeed 
transversely.     Then  the  overturning  moment  is: 

20X50X20X25-  500,000  ft.-lb. 

Assume  that  the  computed  weight  of  one  panel  of  the  buiUiDi  ■ 
16,000  lb.,  then  its  resisting  moment  is: 

16,000  X  20  -  320.000  ft.-lb. 

The   required  resisUnoe  is  IH  X  600,000  -  750.000  ft.-lb.     Thai. 

anchorage  must  be  provided  for  750,000  -  320,000  —  430.000  ft-lb. 

394.     The  andiorage  and  weight   of  footing  required  at   A    (and  B)  m 


Fig.  304. — Section  through  mill  building  to 
illustrate  overturning  moment  of  wind  load. 


represented  by  the  couple   AB^   Fig. 

430,000       ,^,„«,. 
— ^ —  -  10,750  lb. 

250.  Resistance  to  Collapse. — In  order  to  prevent  collapse  from  wind  pressure,  the  wind 
bracing  must  transmit  the  horizontal  wind  pressure  to  the  foundations.  This  can  be  accom- 
plished by  two  types  of  frame  work:  (1)  triangular,  Fig.  395,  having  axial  strcsseb,  and  (2) 
rectangular  or  portal  framing,  Fig.  396,  having  bending  stresses. 

261.  Triangular  Bracing. — The  analysis  of  a  single  panel  of  triangular  bracing  is  shown  ii 
Fig.  397.    The  wind  load  is  assumed  to  be  concentrated  and  is  represented  by  W.     The  hori- 

zontal  reaction  at  the  foundation  is  i2  =  IT.    The  vertical  reaction  iaV  -  V  =  W  -j'    Tbe 

stress  diagram  gives  the  stresses  in  a,  &,  and  c.    The  stresses  are  all  axial. 

The  system  of  triangular  bracing  may  be  extended  horizontally  and  vertically  by  additional 
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panels,  as  in  Fig.  308.     The  wind  pressure  is  computed  for  each  story  and  applied  at  each  floor 
and  the  roof  levels,  as  represented  by  Wb,  Wt,  etc. 

Beginning  at  the  top,  the  stresses  in  the  top  story  members  are  determined.     The  hori- 


r\ 


r\ 


Fio.  395. 


FiQ.  396. 


Fia.  897. 


xontal  shear  Wr  Is  divided  equally  between  the  panels  of  the  third  story,  and  the  stresses  in  the 
members  of  the  third  story  are  determined  as  described  above.  If  the  panels  are  equal,  the 
stresses  of  corresponding  members  will  be  equal.  Each  intermediate  column  has  two  equal  and 
opposite  values  of  F,  which  cancel.     The  diagonal 

stresses  are  -»"  X  sec.  a. 

The  loads  of  the  third  story  are  transmitted  to 
the  next  lower  story  at  the  third  floor,  by  the  anti- 
nsactions  Vi  and  Vi  at  columns  1  and  4  and  by  the 

Wr 
horizontal  shear  —er  at  columns  1, 2,  and  3.    To  theso 

W 
are  added  -^  and  the  second  story  stresses  are  de- 
termined as  before.     The  diagonal  stresses  in  this 

.               Wr  +  Wi  ..         _ 
story  are « X  sec.  fi. 

The  horizontal  load  or  shear  to  be  resisted  in 
any  story  or  tier,  is  the  sum  of  all  the  horizontal 
loads  above  that  tier. 

If  the  panels  are  unequal  in  length,  each  must 
be  analyzed,  and  the  values  of  V  for  the  intermediate 
columns  will  not  fully  cancel.     However,  these  values,  which  are  column  stresses,  will  rarely 
require  any  additions  to  the  column  section  of  the  intermediate  columns. 

Having  determined  the  stresses,  the  sections  are  designed  using  unit  stresses  according  to 


FiQ.  398. — Diagram  of  triangular  framing 
extending  over  a  building. 
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FiQ.  399. 


Fia.  400. 


Art.  248.  The  diagonals  carry  wind  stresses  only.  The  verticals  which  are  the  building  col- 
umns, and  the  horizontals  which  are  girders  or  joists,  will  not  usually  need  to  be  increased  to 
carry  the  wind  stresses. 
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262.  Rectangular  BraciAg. — A  rectangular  frame  with  hinged  joints  offers  no  reriatanre  k 
a  horizontal  force,  but  will  collapse  as  indicated  in  Fig.  399.  A  rectangular  frame  vitfc 
rigid  joints  will  resist  a  horizontal  force  and  tends  to  distort  as  shown  in  Fig.  400.     In  so  (Si- 

torting,  the  members  take  the  form  of  revfsip 
curves  with  points  of  contraflexure  at  mid- 
length. 

In  Fig.  401,  assume  hinges  at  the  points  of 
contraflexure  e,  /,  and  g.  The  bending  momeiAi 
at  a,  &,  c,  and  d,  in  the  verticals  and  at  a  and  6  is 
the  horizontal,  are  equal,  with  a  value  of  }iWB. 


^ 


• // *j        vu /^ ^ 


'M 


jKf' 


^ 


FiQ.  401. — lUuBtrating  wind  load  and  reactions  Fia.  402. 

on  a  stiff  bent. 

In  addition  to  the  bending  stresses,  the  direct  stresses  are:  }^W  (compression)  in  ab,V  «  H^ 

(compression)  in  bdy  and  V  —  }^Wy  (tension)  in  ac.    Fig.  402  is  a  graphical  representation  of 
the  bending  moments. 


FiG.  403. 


This  analysis  may  be  extended  to  any  number  of  panels,  and  any  number  of  stories.    This 
is  illustrated  in  Fig.  403.     Wiy  Wt Wr  represent  the  wind  loads  at  the  several  fkwr 
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and  roof  levels.  Wm',  Wi',  Wi,  etc.,  repreaeut  the  eheara  to  be  reaisted  by  the  columin  in 
the  succeeeive  stories,  kitd  in  each  case,  is  the  summatioD  of  all  the  wind  loads  above  that  level. 
Ha.  Hi,  etc.,  represent  the  story  heights. 

tt  is  neccBBory  to  assume  the  distribution  of  the  shear  among  thecoliunns.  The  assumption 
here  made  is  —  for  the  shear  at  the  intermediate  columns,  and  -=-  at  the  outside  columns, 
n  being  the  number  of  panels. 
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FlQ.  «H.— Dlmnm  of  plu  uid  clcvatiinu  fol  eompatlni  wind  IdhI  mom«iU  mud  abwi. 

The  bending  moment  in  an  intermediate  uohimn  in  any  story  equals  the  total  shear  in  that 
Hlory  multiplied  by  half  the  story  height,  and  the  product  divided  by  the  number  of  panels. 
This  is  expreacd  by  the  formula 
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The  bending  moment  in  ad  outside  column  is  one-half  that  ii 
„       WH 


n  intermediate  column,  or 
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The  bending  moment  in  each  girder  connection  at  an  intermediate  column  is  the  men 
between  the  bending  moments  in  the  column  above  and  below  the  girder.  It  is  expreaaed  U 
the  formula 

^ "  '^  (^^' + ^^') = L  ^^'-"^ + ^''^-'^ 

The  bending  moment  in  a  girder  connection  at  the  outside  column  is  the  same  in  amoaii;  ; 
as  at  intermediate  columns. 

In  the  above  formulas,  a  and  b  refer  to  two  adjacent  stories,  as  the  third  and  fourth.  Tb 
panel  length  does  not  affect  the  value  of  the  bending  moments. 

In  computing  the  shears  and  bending  moments,  the  totals  may  be  computed  for  each  ston 
of  the  entire  building  and  these  totals  divided  among  the  girder  connections  and  the  oolumM  . 
which  resist  them. 
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I'abulfttioii   of   wind   loads,    and    resulting   bending 
momenta.     Wind  from  North  or  South. 

FlQ. 


Tabulation^   of    wind    loade,    and  '  reaultiDc    beodcf 
moments.     Wind  from  East  or  West. 
405. 


In  addition  to  the  bending  stresses,  there  are  axial  stresses  in  the  horizontal  and  vertieal 
members.  The  stresses  in  the  horizontal  members  are  compressive  and  result  from  the  assumed 
distribution  of  the  shear  to  the  successive  columns.  Thus,  at  the  third  floor  level  the  comprei- 
sive  stresses  in  girders  are: 

Ist  panel,  11/121^',;  2nd  panel,  9/12TF's;  3rd  panel,  7/12H^'i,  etc. 

The  axial  stresses  in  the  intermediate  columns  are  zero  if  the  panels  are  of  equal  lengtii. 
and  in  any  case  are  so  small  relative  to  the  gravity  stresses  that  they  can  be  disr^arded. 

The  axial  stresses  in  the  outside  columns  can  best  be  determined  by  treating  the  stmctuR 
as  a  unit,  for  overturning,  as  shown  in  Art.  249.  The  resulting  values  of  V  are  stresses  that 
must  be  taken  into  account  in  designing  the  columns. 
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niostnitioa  of  the  Compaiatioa  of  Wind  Beadiac  Moments. — AMume  the  building  illuetrsted  in  Ftg.  404. 
Tike  exposed  area  is  from  the  ground  level  to  the  top  of  the  parapet  wall,  120  ft.  The  parapet  is  assumed  in  this  case 
to  b«  6  ft.  above  the  roof  level  and  gives  a  load  area  at  the  roof  line  equal  to  the  load  area  at  the  typical  Ooor. 
Tike  wind  pressure  will  be  taken  at  20  lb.  per  sq.  ft. 

It  is  assumed  that  the  wall  construction  is  strong  enough  to  carry  the  wind  load  to  the  floor  levels  and  that  the 
floor  construetion  is  capable  of  distributing  the  load  into  the  steel  framing  at  the  points  where  the  resistance  is 
provided.     The  computations  are  tabulated  in  Fig.  406. 

Consider  first  the  wind  from  north  or  south.  The  load  at  the  roof  level  -  U  X  125  X  20  -  27.500  lb.  (Fig. 
4lOd).  Bimilarly,  the  loads  at  the  sueoessive  floors  are  computed.  The  accumulated  shears  in  the  suocosive  stories 
t>eBiniung  at  the  top  are  27,500,  55,000,  etc. 

The  total  bending  moment  in  the  columns  of  any  story  is  the  shear  in  that  story  multiplied  by  half  the  story 
heisht.  Thus,  in  the  tenth  story,  M  -  27,500  X  5H  *-  151,250  ft.-lb.;  in  the  ninth  story,  302,500  ft.-lb.  The 
t>en«lins  moments  here  given  occur  at  the  top  and  at  the  bottom  of  the  column  section,  equal  in  amount  and  opposite 
in  direction.  In  the  basement,  the  moment  arm  is  the  story  height,  it  being  assumed  that  the  base  of  the  column 
ta  not  fixed,  to  resist  bending,  but  is  fixed  against  sliding. 

The  total  bending  moment  in  the  roof  girders  is  the  same  as  the  total  in  the  tenth  story  columns,  151,  250  ft.- 
lb. ;  in  the  tenth  story  girders  it  is  the  sum  of  the  bending  moments  in  the  tenth-story  and  ninth-story  columns. 
I.e.,  453,700  ft.-lb.;  and  so  on  at  the  successive  floor  levels.  These  moments  are  the  totals  to  be  resisted  by  the 
sirder  connections  to  the  columns. 

The  next  step  is  to  fix  the  number  and  location  of  the  girder  connections  that  will  be  provided  to  resist  the 
bending  moment.  In  the  north  and  south  direetion,  provide  for  wind  bracing  along  the  column  lines  1-36,  17  —  42, 
17  —  38,  and  10  —  40,  Fig.  404,  and  make  all  connections  of  equal  strength.  This  gives  32  girder  connections, 
amons  which  to  divide  the  total  bending  moment  at  the  successive  floors. 

Considering  next  the  wind  from  the  east  or  the  west,  the  shears  and  moments  are  computed  in  the  same  manner 
aa  described  above  and  are  recorded  in  Fig.  405.  In  the  east  and  west  directions,  wind  bracing  girders  can  be  used 
alone  column  lines  1  —  7,  17—19,  and  40—42  (or  36  —  38),  at  the  floorlevelsfrom  the  third  to  the  roof;  and  along 
column  lines  1—7  and  36  —  42  at  the  first  and  second  floors.  In  the  upper  floors  (third  to  roof)  in  order  to  use 
the  ahcM'test  route  for  the  stress,  40  %  will  be  taken  along  the  column  lines  1—7,  and  60  %  divided  equally  along  the 
column  lines  17—  19  and  80  —  42.  Thus,  the  number  of  connections  available  in  the  first  group  is  12,  and  in  the 
■eeond  group  is  8.  On  this  basis,  the  bending  moments  to  bo  resisted  by  the  girder  connections  are  computed  and 
tabulated.  At  the  first  and  second  floors  the  bending  moment  may  be  divided  equally  between  the  24  girder  con- 
nections along  the  column  lines  1  —  7  and  46—42,  and  are  so  tabulated. 

If  the  interior  construction  permits,  it  is  desirable  to  use  winding  bracing  along  columns  17  — 19  in  the  first 
and  second  floors.  In  this  case,  the  same  percentage  of  burden  will  be  assigned  to  them  as  in  the  upper  floors — 
«.«.,  30% — and  30%  will  be  carried  along  columns  36—42. 

The  architectural  requirements  may  permit  the  interior  floor  girders  to  be  utilised  as  wind  bracing.  In  such 
cases,  the  distributions  of  the  total  bending  moment  will  be  made  according  to  the  conditions. 

If  the  basement  story  columns  are  embedded  in  masonry  walls  capable  of  developing  the  bending  resistance  in 
the  columns,  the  first  floor  girders  will  be  omitted. 

268.  Combined  Gravity  and  Wind  Bending  Moments  in  Girders. 

25Sa.  Shear. — The  vertical  shear  in  a  girder,  resulting  from  the  wind  load,  is 
a  function  of  the  horizontal  shears  transmitted  by  an  intermediate  column  section  above  and 
below  th  girder,  of  the  story  heights,  and  of  the  panel  lengths.  The  shear  can  be  expressed  by 
the  formula  (Fig.  403). 


Shear  » 


2nL 


in  'which  a  and  6  are  subscripts  indicating  two  adjacent  stories,  as  the  third  and  fourth,  n  — 
number  of  panels,  and  L  «  panel  length. 

To  the  shear  thus  determined  must  be  added  the  shear  from  the  gravity  load .  The  result- 
ing total  shear  is  small  compared  with  the  bending  stresses  in  the  girder  and  it  is  not  usually 
necessary  to  take  it  into  account  in  designing  the  riveting  of  the  girder  connections.  It  will 
appear  in  the  design  of  these  connections  that  certain  rivets  near  the  axis  of  the  girder  get  small 
stresses  from  the  bending  moment.  These  rivets  can  be  assumed,  or  in  extreme  cases,  designed 
to  take  the  shear. 

2586.  Bending  Stresses. — The  typical  moment  diagrams  for  bending  moments 
from  wind  loads  and  gravity  loads  are  shown  in  Figs.  406(a)  and  406(6),  respectively.  On  the 
assumption  that  the  end  connections  are  of  equal  strength  and  take  equal  but  opposite  inclina- 
tions, they  will  resist  equal  and  opposite  bending  moments.  With  these  conditions,  the  com- 
bined moment  diagram  will  be  as  shown  in  Fig.  407.  Hence,  both  the  end  connections  of  a 
girder  are  designed  to  resist  the  bending  moments  resulting  from  wind  pressure. 

The  bending  moment  at  the  center  of  the  span  equals  the  maximum  resulting  from  the 
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gTBTity  load  oniy.     The  m&ximum  bending  moment  occura  aome  distance  to  one  aide  of  ttc 

center  as  shown  in  the  diagram  and  must  be  computed-     This  moment  does  not  Dec«BB*fil^ 

govern  the  design  of  the  girder  sectbn,  because  it  is  made  up  of  the  gravity  &Dd  the  wind  im>- 

menta,  the  latter  being  resisted  at  higher  unit  Btrcaoco  thasUit 

gravity  moment. 

The  girder  section  will  be  governed  by:  (a)  the  bendioi 
moment  at  the  center  of  span  from  the  gravity  load  and  dengitd 
with  normal  unit  stresses;  (6)  the  bending  moment  atpdntd 
maximum,  from  gravity  and  wind  loads,  and  designed  aitk 
unit  stresses  S0%  higher  than 
the  normal  (see  Art.  248) ;  or 
(e)  the  bending  moment  at 
the  splice  of  the  girder  section 
to  the  gusset  plate,  from  wind 
load,  and  designed  with  unit 
stresses  S0%  higher  than 
normal.  This  case  (c)  will 
occur  only  where  there  is  no 
gravity  load. 

t64.  DMign  of  Wad-bradng  Oirden  and  Theti  Connections  to  Coltmms. — The  girdtf 

section  is  designed  in  the  usual  manner  to  resist  the  maximum  bending  momeoL     The  makr-op 

of  the  section  may  be  influenced  by  arcbitectunl 

fj  conditions,  such  as  vertical  space  available,  chti- 

acter  of  masonry  to  be  supported,  ete.     To  iDw- 

trate  the  design  of  the  conneetiona,  aaaunie  u 

^^^        If         ^'^   — ill  example  as  folbwB  (Fig.  408) 


Pio,  *!».- 
(n)  For  wind 
rorm  loitd  on  i 


tia.  107.— MomeDt  diacni.  - 
combinad  loads.  Muluiun  boid- 
inc  DUHDent  diaaisin. 


ThB  muinium  bendlns  monwDt  u  400,000  ft -lb 
4,800,000  ia.-)b.;  tlw  dftptb  of  lirder  ii  3  ft-  OM  in-  t»d 
lwoko[uiil«;  thg  unit  itreHH  to  be  usad  mn  50%  ion 


v  Qvdrr  Is  CalHnn, — The  liTcts  ibm^ 
d  uiJuinii  aeb*  ue  field  drinD,  fi-u 
Lhe  teiujoii  lide  oi  the  slnler  (kbon  tk 


B  fiber; 


wiea  from  Hro 
ble  mmaimt  at  the  (arthMt  rJTet. 
hen,   if  the  rivet«   nn   equally  ipaeed.    the  amir 

a  U  the  aTerase  valu*  ol  one  livet  multipljed  b;  ik 


imber  of  rivet*  ii 


the   t 


itenof  v 


tepreaentsd  by  I 

a  betveen  I  and  e  and  the  reeiitlnc  moment  ia  a  X  1  (<"!' 
The  numtwr  of  riveta  required  la  determined  by  tiial.  Tie 
fun  value  o(  a  ^^-in.  riTet.  Odd  driven,  in  tendon  ■  IS 
timea  4400  lb.,  or  SeOO  tb.  Seven!  triaii  lewl  to  Oie  a»J 
28  riveu  on  each  aid*  of  the  neutral  ana.  The  value  otlm 
^^g^'- -92.  400  lb.  ThemomeDtarmaUMiD.andllK 
naWtins  moment  of  the  joint  b  63,400  X  S4  or  I.OW.BH 


Pia.  40S.— Diaisn  nf 

■  Talien  trom  Burt'i 

>  Thii  ii  not  exact.  f< 

dimit  bearins  of  tli«  end  c 


The  method  ii 
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'  mkI  ■ii|1h  to  tha  aoluma.  exaapt  tlut  tlu  linU  tie  ahop  diinn  in  doubla  ahaar.  Tba  raqiiind  raaulu  «n  euily 
•  b*  obUlmd  by  Mmpaikon  witb  Bakl-drlvcn  rinta.  With  ona  row  el  rival*  than  will  b*  one-half  aa  many 
,  (laaa  omI.  On*  ahop  rivat  in  dnubla  ahaar  ia  good  lor  1G,840  lb.  Thii  ia  sreatar  than  tha  valua  of  two 
^rjnta  in  taodon   (IS.900  lb),  boaaa   tb*  propoaad  arraocamaat  ii  aatiafaotoiT.      It  dvea  grsatar  atreniUi 


:  laqnind  (or  tha  aatoal  at 


i 


n-^ 


^ 


-;&*»•" 


Baadbit  Ar«MM  m  CanmcliHa  A'ttiUt. — No  a«iurat«  detannina 
tla(  antfaa.  as  Ihisknaia  miut  ba  adoptad  arbitrarily.  U  tha  (aca 
buk  of  tha  ancle,  tba  thiskneaa  abould  ba  K  bi.  In  muiy  oaaaa 
1  in  order  to  Duteb  the  me  linea  in  tba  colunu.  A  thioknaaa  ■ 
I.     Inlermadiata  valuei  may  be  ioteriKilated. 

OutHi  Ftalt. — Tha  alope  of  the  s<UMt  Plata  ahould  "be  about  iS  i 
windowa.  eta.     Btreawa  in  tbe  (luaet  plate  may  be  in 


Um  Scnra  (Pic,  406).  On  the  tendon  nde  of  tba  clrdar.  tba  plate  ia  In  tenuon.  and  on  the  eompnaion  aide  in 
iNHiiiniaaiitfi  Tha  thiakneaa  of  plate  requirad  for  rivet  bearinc  ia  auffidaot  to  civa  the  neeeaaary  atrencth  on  the 
tsnaiou  aide,  but  on  tba  mmpreaBioa  aide.  atiSener  aoaleg  may  be  required.  Tbrae  aails  oao  be  deaianed  acoird- 
inc  to  rulea  iimilar  to  thoaD  aiveii  for  the  attiTenera  of  plate  girder  weba.  They  Abould  be  uaed  when  the  lenfflh 
al  the  diaional  edce  of  the  pUle  ia  niore  tban  30  tima  the  thiokneaa.  Tbe  lee  if  ths  anile  aiaioBl  the  plaU  ihould 
ba  of  aidtable  width  (or  one  row  of  riveta.  my  3.  3H,  or  1  in.  The  ouUtandiac  leg  may  vary  lima  3  to  A  in.  A 
■  o(  K  in.  ii  uaually  luitabla:  It  may  be  made  Dion  or  lea*  to  be  eatKialant  with  aiiB  and  tblckoeaa  of  (he 
*Bib*fB  a(  tbe  dtder.     For  the  au*  illuatratad.  two  3H  X  3H  X  H-ia.  ancta  will  be  luad. 
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plate  ^49. 


The  ipUoe  of  the  guflset  to  the  Rirder  should  be  in  accordance  with  the  usual  practice  in 
the  splice  being  made  to  transmit  the  bending  and  shear  at  this  point. 

In  Fig.  400,  the  web  of  the  girder  connects  directly  to  the  flange  of  the  column.  This  f orio  of  eooneetia  i 
suitable  for  girders  which  are  deep  in  proportion  to  the  bending  moment  which  they  must  resiat.  The  netkadi 
designing  the  connection  is  the  same  as  that  explained  iw  Fig.  408,  except  that  the  rivets  are  in  ainn^  shear  ianii 
of  tension,  and  that  the  rivets  are  not  evenly  spaced,  hence  the  average  resistance  may  not  be  one-half  tse  bo- 
imum.  The  value  of  each  rivet  can  be  measured  from  the  diagram  at  m  in  tne  figure.  Having  toe  vahmof^ 
several  rivets,  the  center  of  gravity  of  each  group,  t.0.,  the  positions  of  the  resultants  t  and  e  can  be  fooad  b  tk 
usual  way. 

When  the  form  of  connection  shown  in  Fig.  409  is  not  adequate,  a  gusset  plate  can  be  used  oonneetiiig  ^nal; 
to  the  flange  of  the  column.     It  involves  no  principles  or  methods  different  from  those  already  explained. 

End  Connections  ftrr  I-beam  Qirdera. — I-beam  connections  for  resisting  bending  are  illuatrated  in  FSgi.  411 
411,  and  412. 

The  detail  in  Fig.  410  is  similar  to  the  connection  shown  in  Fig.  409.  It  can  develop  only  a  small  part  cf  tk 
capacity  of  the  beam. 

The  detail  in  Fig.  411  also  can  develop  only  a  part  of  the  capacity  of  the  beam,  but  it  is  available  for  saksf 
use  of  the  floor  girders  in  the  upper  part  of  the  building  for  resisting  wind  stresses.  The  stxenicth  of  this  eossecin 
is  limited  by  the  bending  resistance  of  the  connecting  angles  or  the  strength  of  the  rfvets. 

Bracket  Connectum.— The  connection  in  Fig.  412  can  be  made  to  develop  the  entire  net  bending  resistsfieed 
the  beam  (deducting  for  rivet  holes  in  the  flanges).  The  connection  of  the  brackets  to  tbe  oolumn  is  demgpeiu 
the  same  manner  as  described  for  the' gusset  plate  connection.  The  average  value  of  the  rivets  is  determiaHi  bm 
the  diagram  as  at  m,  Fig.  409.  In  the  connection  of  the  brackets  to  the  beam,  all  the  rivets  are  fig:ured  at  the 
imum  value.     Their  resisting  moment  is  their  total  shear  value  multiplied  by  the  depth  of  the  beam. 


866.  Effect  of  Wind  Stresses  on  Columns.^ 

866a.  Combined  Direct  and  Bending  Stresses. — The  bending  moment  on  tkr 
column  due  to  wind  loads  produces  the  same  sort  of  stresses  as  result  from  the  bending  momM 

due  to  eccentric  loads  or  any  other  cause  producing  flexure.     The  ex- 
treme fiber  stress  is  computed  from  the  formula 


I 


C 

c 


i  \i\i  ^i  \i\i> 


5^ 


This  stress  is  added  to  the  stresses  resulting  from  the  direct  and  eeen- 
tric  gravity  loads  on  the  column  to  give  the  maximum  fiber  stress. 

The  combination  of  the  direct  and  the  bending  stress  is  illustnteda 
Fig.  413.  The  stress  from  the  direct  load  is  represented  by  the  rectangir 
abed  and  the  unit  stress  by  ah.  The  stress  from  bending  is  representd 
by  the  triangles  Wo  and  cdo^  the  extreme  fiber  stress  being  hi  in  oon- 
pression  and  cc'  in  tension.  Then  the  maximum  fiber  stress  is  on  tk 
compression  side  and  is  a&  +  2>6'.  Thus,  W  represents  the  increBseis 
stress  due  to  the  wind  load.  If,  as  is  usually  the  case,  hb'  amounts  t» 
less  than  half  a&,  the  column  section  required  for  the  direct  load  need 
not  be  increased  on  account  of  the  wind  stress,  because  of  the  inereiMi 
units  allowed  for  combined  stress.  Biit  if  66'  exceeds  one-half  of  ofctk 
combined  stress  will  govern  the  design  using  the  increased  unit  stre& 

On  the  tension  side  of  the  column,  the  wind  stress  will  very  rardy  be 
great  enough  to  overcome  the  direct  compression.  And  if  there  sfaoDld 
be  a  reversal  of  stress,  there  cannot  be  tension  enough  to  require  aar 
addition  to  the  section.  It  frequently  occurs  that  the  wind  brMiiii 
girder  connects  to  the  column  in  such  a  position  that  one  side  of  the  column  must  resist  pfa^ 
tically  all  the  wind  stress.  With  these  conditions,  only  one-half  the  column  section  should  be 
used  in  computing  the  resulting  extreme  fiber  stress. 

8666.  Design  of  Column  for  Combined  Stresses. — The  procedure  in  designiii 
the  column  section,  when  the  combined  wind  and  gravity  loads  govern,  isthesameasforodums 
with  eccentric  loads.     The  equivalent  concentric  load  is  given  by  the  formula 

^,^  ^  Wee 


b 

b' 


Fig.  413. 


>  From  Burt's  "Steel  Construotion, "  published  by  Amerioan  Technioal  Society,  Chioaco- 


S«c  »-256|  STRUCTURAL  DATA  661 

Ab  applied  to  wind  load  (rBfer  to  Pig.  414),  IT',  is  the  equivalent  coDceotric  load,  i.  e.,  the  direct 
load  that  would  produce  the  aaine  unit  Htreaa;  W  is  the  horizoDtal  shear  which  ia  assumed  to  be 
carried  by  the  coliuna  under  consideration  and  is  assumed  to  be  applied  at  the  point  of  can- 
tradexure  of  the  column;  e  is  the  moment  arm  expressed  in  inches,  hence  We  is  the  bending 
moment  in  inch-pounds  at  the  section  under  consideration;  e  is  the  distance  from  the  neutral 
axis  of  the  column  to  the  extreme  fiber  on  the  compression  side;  r  is  the  radius  of  gyration 
of  the  column  in  the  direction  under  consideration.  The  critical  section  of  the  column  is  at 
the  top  of  the  bracket,  as  the  bracket  has  the  effect  of  enlarging  the  column  section,  so  the 
distance  e  is  measured  to  that  point. 

To  illiutnts  the  UH  ol  tha  fonouU,  uauim  tfae  f oUoiiiiia  dkU:  dinot  or  fravjt]'  load  on  oolumo  b  480,000  lb ; 
W  ia  13,000  lb.;  (  ■•  30  ia.;  c  ii  T  in.;  >nd  r  1>  a.S  in.     Then 

A*  tliia  ia  Icaa  tbui  half  tha  sMvitr  lowl.  no  additiDnal  Motion  ia  nquirad  on  ueount  of  ths  wind  lowb,  Tbli  will 
OBnnlly  b«  Iha  caia*  aiMpt  poaaibly  kt  socnar  eoliinn*. 

2H.  HasoniT  Bnildings.^Brick  buildings  with  fireproof  floors  or  even  with  wood  floors 
do  not  ordinarily  require  wind  bracing.  The  floors,  acting  as  horizontal  girders,  will  carry 
the  loads  to  the  end  walls  which  will  transmit  them  to  the  foundations.  Nevertheless,  the 
wind  loads  on  such  cases  should  be  figured  to  determine  whether  any  strengthening  is  required 
at  special  points. 

S67.  Wood  Frame  BnildlngB. — Ordinary  wood  frame  dwellings  and  similar  buildings  are 
Buflieiently  braced  by  the  sheathing  and  plastering  of  the  walls  and  by  the  partitions.    How- 
ever, if  the  building  is  unusually  lar^  or 
subject  to   unusual  exposure,    the   case 
should  be  studied,  and  bracing  added  if 
any  doubt  exists.      Diagonal  members 

can  be  introduced  into  the  walls,  and  par-  f 

titktns,  particularly  at  the  corners.  If 
such  buildings  are  high  compared  with 
their  width,  the  overturning  resistance 
should  be  investigated. 

Large  frame  structures,  such  as  tem- 
porary auditoriums,  should  be  provided 
with  a  definite  system  of  wind  bracing 
designed  in  accordance  with  the  methods 
described  for  mill  buildings,  or  the  prin- 
ciples previously  described. 

2U.  Hill  Bnfldlngs.— A  type  of 
building  much  used  for  storage  and 
manufacturing  purposes  is  a  one-story 
structure  of  steel  frame  construction  with 

one  or  more  wide  aisles,  spanned  by  roof  trusses.  The  weight  of  the  structure  is  usually  small 
compared  with  wind  pressure.    The  bracing  of  such  a  building  is  illustrated  in  Fig.  41^. 

If  the  sides  are  covered  by  corrugated  steel  or  other  light  sheathing,  the  covering  will  be 
attached  to  horizontal  girts  extending  from  column  to  column.  They  will  be  designed  as 
sbuple  beams  to  remst  the  wind  pressure, 

S58a,  Wind  PresBure  on  the  End  of  the  Building. — The  intermediate  end  posts 
extend  from  the  ground  level  to  the  underside  of  the  truss  in  the  case  illustrated,  but  may  ex- 
tend to  the  roof,  the  end  truss  being  omitted.  These  posts  ore  designed  as  beams  to  resist  the 
wind  loads  carried  to  them  by  the  girts. 

The  reactions  at  the  tops  of  the  posts  and  wind  load  on  the  lower  half  area  of  the  gable  are 
carried  into  the  horiiontal  truss,  whose  chords  are  the  bottom  chords  of  the  roof  trusses  and 
whose  web  members  are  as  shown  in  the  bottom  chord  plan.  This  truss  delivers  its  load  into 
the  eaves  stmt  which  may  be  a  combination  of  roof  purlin,  girt,  and  strut. 
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Half  Pbn  of  BoHorfi  Chord  Bradng 


The  wind  pressure  on  the  top  half  area  of  the  gable  is  carried  in  the  truss  in  the  roof  plant 
This  truss  is  made  up  of  the  top  chords  of  the  roof  trusses  and  the  web  members  between.    The 

strut  at  the  ridge  may  be  made  of  the  ndge 
purlins  suitably  stiffened   to   resist  compre- 
sion.     This  truss  also  delivers  its  load  to  tke 
eaves  strut. 

From  the  eaves  strut  the  load  is  carried 
to  the  foundation  by  the  diagonals  shown  b 
the  end  panels  of  the  side  elevation. 


>-^-r — r — r 


i__::>c;r__i 


Half  Plan  of  Roof 


Some  of  the  diagonal  membera  ahown  are  rediradaBL 
but  are  ueefiil  in  preventing  vibration  and  for  bncag 
during  erection.  The  membere  ahown  in  the  anbfand 
panels  of  the  bottom  chord  of  the  roof  tmaeeB  wem  ta 
hold  the  bottom  chords  in  line  and  prevent  bocUist 

ahould   the 


5^skJUS^C^dB0^SL 


Section 


Side  Clevafion 
FiQ.  415. — Bracing  for  typical  mill  building. 

Bideration  is  to  provide  a  continuous  path  foi  the  stress  from  the  point  of  application  of  the  load  to  the  foandation. 


aure  on  the 
duee  reveraal  of 
in  the  bottom 
The  dingfrnal  niwslim 
may  be  either  adjart- 
able  rods,  or  atructniii 
ahapea,  the  latter  far- 
ing san^rally  prefemd. 
The  arrangenav 
of  the  braeins  aatr  fa* 
varied  from  that  shnn 
to  auit 
The     important 


2686.  Wind  Pressure  on  the  Side  of  the  Building. — For  resisting  the  wind  pres- 
sure on  the  side  of  the  building,  each  bent  is  treated  as  a  separate  self-supporting  unit.  For 
method  of  determining  the  resulting  stresses,  see  chapter  on  ''  Detailed  Design  of  a  Truss  witii 
Knee-Braces." 


BALCONIES 
By  H.  J.  Burt 

The  essential  structural  feature  of  a  balcony  is  a  cantilever  beam  or  a  bracket. 

269.  Cantilevers. — Fig.  416  shows  a  beam  resting  on  the 
supports  A  and  B.  The  overhanging  end  forms  a  cantilever  p^^E^^WA^yA—y-ifi^M 
for  carrying  the  balcony  load.  The  maximum  bending  mom-  §t 
ent  of  the  cantilever  is  at  the  support  B^  likewise  the  maximum 
shear.  The  bending  moments  and  shears  must  be  computed 
also  for  the  portion  of  the  beam  between  A  and  B.  After 
computing  the  bending  moments  and  shears,  the  beam  section 
can  be  designed  in  the  usual  manner.  The  moments  and 
shears  are  diagrammed  in  Fig.  416. 

For  a  steel  or  wood  beam  of  uniform  cross  section,  the 
bending  moments  at  O  (Fig.  416)  will  govern.  For  a  concrete 
beam  or  slab  the  reinforcement  is  arranged  to  correspond 
with  the  bending  moments  throughout  the  length  of  the  beam. 

The   span,  the  overhang,  and  the  conditions  of  loading 
may  be  such  that  the  maximum  bending  moment  occurs  at  B, 
There  may  be  no  negative  bending  moment  between  A  and  ^y       «. 
in  which  case  there  will  be  an  uplift  at  A.  **'        leverbSn!"  *  **"*^ 
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In  case  it  is  MceoBuy  to  have  a  cantilever  steel  beam  Rush  on  top  with  the  girder,  as  shown 
in  tig.  417,  th«  csntilever  must  be  spliced  to  transmit  the  bending  moment.  The  top  flange 
being  in  tension  is  spliced  with  a  strap  designed  to  transmit  the  top  flange  stress.  The  bottom 
flange  being  id  oomprMSJon,  maybe  spliced  by  two  angles  or  bent  pistes  as  shown,  which  will 
also  transmit  the  shear  into  the  girder. 


er 


("J 


A  wood  cantilever  can  be  spliced  in  the  same  manner,  but  such  a  detail  is  not  satisfactory. 

In  the  similar  case  with  concrete  constructioD,  the  girder  and  cantilever  are  cast  mono- 
lithic, the  rods  of  the  cantilever  miming  through  the  girder  (Fig.  41S). 

If  the  projection  of  the  balcony  is  large,  a  cantilever  truss  is  required.     This  condition 
occurs    in   theatres.      The   governing   lines  . — 
usually  allow  ample  depth  for  an  ecooomi- 
cal  truss.     Fig.  419  is  a  diagram  of  a  truss   W  " 
for  this  purpose. 

SM.  Brackets. — A  projecting  member 
whose  moment  is  balanced  by  being  con- 
Dected  to  some  rigid  member  as  a  column  or 
k  wall,  is  here  designated  as  a  bracket,  in 
contra-diatinction  to  the  cantilever  beam 
previously  described  where  the  moment  of 
the  projecting  arm  is  balanced  by  the 
portion  of  the  beam  between  the  supports  A 
and  B  (Fig.  416). 

Rg.  420  illustrates  three  types  of 
brackets:  (a)  is  a  beam  section  rigidly  at~ 
tached  to  the  supporting  member,  (b)  is  a 
triangular  bracket  whose  members  are  sub- 
ject to  axial  stress,  and  (c)  is  a  truss.     The 


Pio.  419. — CuUlaver  truM 


typrt  of  bi 


bending  moments  and  shears  for  various  conditions  of  loading  are  the  same  as  for  cantilever 
beams.  These  momenta  and  shears  govern  the  connections  of  the  brackets  to  the  columns 
or  other  supporting  members.  The  connection  to  the  supporting  member  is  of  vital  importance 
for  type  (a),  as  the  small  depth  of  the  bracket  makes  it  more  difficult  to  design  the  necessary 
bending  resistance  for  this  type,  than  for  types  (6)  and  (c). 
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Fig.  421  shows  the  conneGtion  of  aD  I-beam  bracket  to  the  face  of  a  column  by  m^ie  d 
top  and  bottom  connecting  angles.  The  bending  moments  of  the  bracket  load  must  be  bal- 
anced by  the  resisting  couple  of  the  rivets  through  the  flanges  of  the  beam  acting  in  shear.  Ii 
must  also  be  balanced  by  the  resisting  couple  of  the  rivets  connecting  the  angles  to  the  face  of 

the  column,  the  rivets  in  the  top  angle  being  in  tensioii,  sad 
an  equal  compressive  value  being  taken  at  the  rivets  in  tk 
bottom  angle.  These  latter  rivets  are  not  actually  stresBM 
from  the  bending  moment,  but  should  be  designed  to  cam 
the  direct  shear  from  the  load  on  the  bracket.  Tlie  degtk 
of  beam  used  will  generally  be  such  as  will  give  sufficinn 
moment  arm  for  the  resisting  couples.  Its  section  wiD  b; 
greater  than  is  required  for  the  bending  moment  of  tbt 
bracket,  as  it  is  not  practicable  to  devise  a  conneetioE 
that  will  develop  the  full  bending  resistance  of  the  beam 
In  Fig.  422  a  channel  bracket  is  riveted  to  the  face  d 
the  column.  The  resisting  moment  of  the  rivets  should  \t 
computed  as  a  polar  moment  about  the  point  p,  the  rimi 
having  the  longest  radius  being  taken  at  their  maximas! 
shear  value  and  the  others  proportionately  less.  The  por- 
tion of  shear  value  of  the  inner  rivets  not  effective  in  computing  the  resisting  moment  canU 
utilized  in  resisting  the  direct  shear  of  the  bracket  load. 

'    The  foregoing  principles  will  apply  in  detailing  other  forms  of  connections  of  steel  beamsaai 
channels  to  columns  (see  Figs.  423A  and  423B). 


"■>-  rims  in  toptbngt 
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Fia.  421.— Connection  of  I-beam 
bracket  to  face  of  column. 
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Pia.  422. — Channel  bracket  riveted     Fia.  423A. — Channel  bracket  con- 
to  face  of  column.  nected  to  face  of  column. 


FiQ.  423^. — I-beam  hnkcket 
side  of  column. 


Wood  beama  are  not  well  suited  for  use  as  brackets*  but  where  employed  the  connections  are  detailed  in  a  ■» 
lar  manner. 

Concrete  beams  used  as  brackets  are  cast  integrally  with  the  columns.     These  can  advantageously  be  made  d 
variable  cross  section  in  order  to  easily  develop  the  necessary  shearing  and  bending  resistance  at  the  connectiQec 
the  column,  and  to  meet  architectural  requirements.     Fig.  424  illustrates  a  concrete  bracket.     Being  cast  intef^i 
with  the  column,  the  entire  strength  of  the  section  adjacent  to  the  column  is 
available  and  is  designed  in  the  same  manner  as  a  concrete  beam. 

The  triangular  bracket,  type  (6)  Fig.  420,  gives  a  greater  effective  depth 
than  the  beam  bracket  and  correspondingly  less  stress  on  the  connections.  In 
Fig.  425  assume  the  load  applied  at  the  end  of  the  bracket.  The  resisting 
couple  is  formed  by  T  and  C,  and  the  vertical  shear  at  the  column  connection  is 
V.  The  stresses  in  the  members  m  and  n  are  determined  by  the  stress  diagram, 
and  are  axial  stresses.  From  the  stresses  and  reactions,  the  members  m  and  n, 
and  the  connections,  are  dmugned  in  the  usual  manner.  The  case  illustrated 
is  steel  construction. 

The  load  may  be  so  applied  that  the  top  chord  is  subjected  to  bending  as  well 
as  direct  stress,  and  it  must  be  so  designed.  In  this  case  there  will  be  vertical 
shear  to  be  resisted  at  both  the  upper  and  lower  connections  (Fig.  426). 

The  triangular  bracket  can  be  made  of  wood  using  details  similar  to  those  used  in  wood  trusses.     The 
tions  at  T  and  at  the  outer  end  of  the  bracket  require  careful  attention. 

Concrete  may  be  used  for  triangular  brackets,  but  there  is  little  need  to  do  so  as  its  advantages  can  be 
in  the  beam  type  previously  described. 


Fig.  424. — Concrete  bnckft 
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The  truflsed  br»cket  is  a  development  of  the  triangular  bracket.  A  stress  diagram  is  required  to  determine 
the  stresses  in  the  truss  members.     The  members  and  connections  can  then  be  designed. 

This  type  is  especially  adapted  to  steel  construction.  It  can  be  built  of  wood  or  concrete  if  the  conditions 
warrant. 


Fzo«  426. — l^riangular  bracket  stresses  from  end  load. 


FiQ.  426. — Triangular  bracket  stresses  from 
distributed  load. 


FiQ.  427. — Bracket  on  side  of  plate  girder. 
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Fig.  428. — ^Floor  framing  of  balcony. 


Fio.  429. — Floor  framing  of 
balcony. 


Fio.  430. — Framing  for  curved 
balcony. 


Fia.  431. — ^Approximate  computa- 
tion for  curved  balcony. 


260a.  Effect  on  Coltmm. — A  bracket  attached  to  a  column  produces  a  bending 
moment  in  the  column  equal  to  the  bending  moment  of  the  bracket  loads.  The  column  section 
must  be  designed  accordingly  by  the  methods  given  in  the  chapters  on  ''Bending  and  Direct 
Stress"  in  Sect.  1.  It  may  be  counteracted  by  a  beam  or  girder  connection  on  the  opposite 
side  of  the  column,  so  designed  as  to  resist  the  moment  of  the  bracket. 
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M0&.  Effect  of  a  Brackot  on  th«  Side  of  «  Girder. — It  is  sometimea  nrann 
to  attach  a  bracket  to  the  side  of  a  plate  i^rder  (Fig.  427).  Thia  produces  a  toraioiial  moooi 
in  the  section  of  the  girder.  While  the  girder  may  have  ample  strength  to  reeist  tite  hHUil 
etreeees,  it  may,  Devcrtheleaa,  deflect  laterally  beyond  permissible  limits.  It  ia  therefore,  dt. 
sirabte  to  provide  a  more  direct  reaietance.  This  can  be  accompliehed  by  aDchorage  into  lb  | 
floor  constnictioD,  by  suitable  connectioDS  of  joists,  or  by  beams  or  brackets  extending  btck  i> , 
an  anchorage.  Either  of  these  devices  actii^  with  the  bracket,  produces  the  equirakiitcli . 
cantilever  beam  giving  a  vertical  reaction  only  at  the  supporting  girder. 


lk.?^U^*If 


Fta,  i3Z.— B^i 


S61.  Floor  Fimming  of  Balcony. — The  cantilevers  or  brackets  serve  as  the  m 
members  of  a  balcony.     They  may  be  close  enough  together  to  serve  as  thejoiato,  tlw 
construction  spanning  from  one  to  another  (Pig.  428).     This  is  usually  the  condition  when  oi 
tilever  beams  are  used.     In  other  cases,  the  brackets  may  be  equivalent  to  girders,  aad  JMI 
be  required  to  support  the  floor  (Fig.  420).     The  outer  joist  or  the  ends  of  the  bracket  may  b« 
to  support  some  spei:ial  load,  such  as  a  raiting. 

The  Boor  fnmlni  priwinla  no  probletni  enentully  diflsrsot  Irom  tfaowi  cUkuhrI  under  the  ■ubJAd  ti  ftn 
The  mstecUb  of  corwtruclioii  of  the  tantileTen,  bnckeU,  and  floon  of  Iwlconlea  will  utultr  be  aonrvri  i 

S63.  Curved  Balconies. — Fig.  430  illustrates  a  curved  balcony.  The  upper  pand  ia  sten 
having  cantilevei  beams  for  the  supporting  membere.  Tbu  form  is  preferable  for  imfiis 
shaped  balconies. 
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Fio.  433.— Cantilever  tniuee. 
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If  the  conditions  preclude  the  use  of  cantilevers,  the 
curved  member  must  serve  as  a  support,  as  shown  in  the 
lower  panel  of  Fig.  430.  An  accurate  determination  of 
the  stresses  in  the  curved  member  is  not  practicable  but 
a  safe  approximation  is  as  follows: 

In  Fig.  431,  let  m  be  the  curved  member,  n  and  p  the  eidea  of  a 
rectangular  balcony  dreumacribing  the  curved  balcony.  Then  n 
repreeente  the  bracket  of  a  rectangular  balcony.  Determine  the  total 
load  on  the  curved  balcony  and  from  this  load  compute  the  connec- 
tions required  as  if  supported  by  brackets  n.  Use  these  connections 
for  the  curved  beam.  Make  the  section  of  the  curved  beam  not 
less  than  would  be  required  for  the  member  p  of  a  rectangular  bal- 
cony. Anchor  the  curved  beam  to  the  floor  construction  of  the 
baloony  so  that  the  top  and  bottom  flanges  cannot  buckle  laterally. 


'«# 


Oetef  I  of  Balcony  Floor 


Tronrm  U 
Ffo.  434.  —■  Cross  frames  between  cantilevers. 


Fig.  435. 

868.  Theatre  Balcony  Framing. — Reference  has  been 
made  to  the  form  of  cantilever  truss  used  for  theatre 
balconies.  A  typical  truss  is  shown  in  Fig.  410.  In 
Fig.  432  is  shown  the  framing  plan  of  a  theatre  balcony. 

The  cantilever  trusses  X,  K,  and  Z  are  set  radially. 
They  are  braced  for  lateral  stiffness  by  the  cross  frames 
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robere  oF  the  caDtilever  tnisBee  and  the  c 
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R,  S,  T,  and  U.     The  outlines  and 
shown  in  Figa.  433  and  434. 

Tlie  shape  of  the  top  chord  of  the  tniaa  is  governed  by  the  slope  of  the  bank  of  SMtaud 


Pia.  «36.— PlnD  of  bill' 
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the  floor  level  back  of  the  aeate.    At  the  front  is  a  shallow  projecting  member  to  support  lb 
aisle  along  the  balcony  rail.    The  construction  at  this  place  must  be  as  thin  as  it  can  be  m 
because  of  sight  lines  for  the  seats  below  the  balcony.     The  shape  of  the  bottom  chord  is  im- 
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trolled  by  the  lower  sight  lines  and  clearance  for  passages  and  stairways, 
necefnary  to  provide  a  passage  through  one  or  more  of  the  trusses. 

Fig.  435  shows  the  consmiction  of  the  floor  or  banks  of  the  balcony. 


It  is  sometimes 


A  balcony  built  of  rdnloroed  concrete  is  shown  in  Figs.  430  and  437.  The  cantilevers  in  this  case  are  sup- 
ported by  a  steel  girder  which  spans  the  entire  width  of  the  theatre.  At  the  rear  is  a  passageway  through  the  ean- 
tilerer;  in  front  of  this  is  an  opening  which  serves  to  reduce  the  weight,  and  which  may  be  used  as  a  passage  for  air 
ducts  of  the  ventilating  system.  The  drawings  show  the  conditions  of  the  problem  with  sufficient  clearness  so  that 
BO  detailed  explanation  is  required. 


LOKG  SPAN  COKSTRUCTION  FOR  OBTAINING  LARGE  UNOBSTRUCTED 

FLOOR  AREAS 

Bt  H.  J.  BUBT 

Fbr  certain  purposes  it  is  necessary  to  have  large  clear  floor  areas  free  from  columns. 
8iich  spaces  are  required  for  ball  rooms,  dining  rooms,  lobbies,  auditoriiuns,  and  various  special 
situations. 

If  the  clear  space  is  on  the  top  floor  of  the  building  with  only  the  roof  to  be  supported  over  it, 
trusses  or  arches  can  be  used.  This  case  docs  not  come  into  the  purview  of  this  chapter.  The 
cases  to  be  considered  hero  are  those  in  which  the  clear  area  is  in  the  lower  part  of  the  building 
so  that  large  weights  must  be  supported  overhead. 


Fia.  438. — Clear  space  with  column  omitted  full 
height  of  building. 


Fio.  439. — Clear  space  with  girder  over 


864.  The  General  Problem. — The  predominant  condition  is  the  support  of  very  heavy 
loads.  Every  case  is  a  special  one,  so  there  can  be  no  approach  to  standarixation.  The  depth, 
span,  and  load  conditions  are  such  that  the  shearing  stresses,  deflections,  secondary  stresses, 
and  details  of  construction  may  require  special  attention. 

5W5.  Examples. — A  simple  case  is  the  omission  of  an  intermediate  column  in  a  lower  story. 
There  are  two  solutions  of  this  case  shown  in  Figs.  438  and  439. 

Tha  sehenw  shown  in  Fig.  438  requires  long-span  shallow  girden  with  relatively  light  loads.  The  depth  of 
Iheae  aird^n  ^nll  be  greater  than  the  short  span  girders  of  Fig.  430  and  may  encroach*  unduly  on  the  headroom  of 
the  typical  stories.  It  will  be  used  where  there  is  sufficient  headroom  and  where  there  is  not  sufficient  depth  for 
the  heavy  girder  required  in  the  scheme  shown  in  Fig.  430.     Deflection  may  be  an  important  consideration. 
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Tbc  aHand  wilieDie  require*  s  loDi-epui  (Irder,  luiutly  ol  limilad  depth  wlUi  k  he*Ty  oooarBlrateil  ]«!■(■ 
ncttr  Uh  naUr  o/  tbs  icmd.  TUa  u  uaually  more  ecoaomlul  tfaui  the  uheniB  (faoirn  id  FIk.  438  imd  ii  whI  tbp 
th«a  it  artUaUe  apan  For  ths  depth  of  the  ciiden. 

Fig.  440  gives  the  details  of  a  girder  supporting  an  offset  column  and  F^.  441  is  a  diigns 
showing  the  position  of  the  column  above  and  the  supporting  columns  below. 


atmabx/^eefoait 


Fio.  «0.— Detail*  ol  a  dtder  Muryiiif 


Thii  amntcment  mieiin  at  the  fourth  floar  □[  a  17-etory  hotfl  buildini.'     Tbe  upper  aecmsnt  ot  ctJaBaS 
sarriea  the  court  wall  and  Soon  ol  the  upper  itonca.     The  girder  lection  eoniiaU  of  two  plats  (inlen  tied  IcvOa 

Itr.     The  two  weba  *ie  oeadHl  to  eany  the  (hear.     The  detail!  lequiiiDi  ipeeia]  attanlion  are  the  hiiaihn  (la 


Pia.  44t.— Part  pUn  fourth  Bi 


r  framinc  ahoirinc  portion  of  oflMt  Mriumn.  Fort  Dearbam  Hat^  CUoack  IS 


Figa.  442,  443,444'  illuetrste  a  special  situation  which  occurs  in   hotel  buildings.    7k 
typical  floor  layout  governs  the  placing  of  the  columns  in  the  upper  stories — i.e.,  they  m* 
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be  on  one  or  both  aides  of  the  corridor.  In  the  lower  stories  in  this  case,  two  columns 
are  not  permissible  and  the  single  column  which  is  permitted  must  be  under  the  center  of  the 
corridor  of  the  upper  stories.  Hence,  there  must  be  an  offset  at  the  second  floor  level.  Two 
considerations  lead  to  the  use  of  twin  columns  above:  (1)  the  resulting  symmetry,  shorter 
span,  and  lighter  floor  construction  of  the  upper  floors;  and  (2)  the  smaller  shear  in  the  girder 


■L-iL-i^-Ii 


JU 


II  ra  !i^  ^ 


cr 


-gr 


-^ 


iog^f: 


V 


4 


i\ 


15 


sr 


m-.i'        I  laiH^' 


Fig.  442. — Part  tectional  elevation  showing  twin 
columns  above  and  single  columns  below. 


Fio.  443. — Part  second  floor  framing  plan  showing 
position  of  offset  columns. 


carrying  the  offset.  This  latter  item  is  quite  important  in  this  case  as  the  headroom  allowed  is 
very  limited.  Even  with  the  twin  columns  it  was  necessary  in  the  design  shown  to  use  the  con- 
crete casing  of  the  steel  girder  to  assist  in  carrying  the  load  (Fig.  444).  In  cases  of  this  kind,  if 
either  of  columns  il  or  B  (Fig.  442)  can  be  extended  through  the  lower  stories,  it  will  be  better 


Girder  0-5 
Fig.  444. — Detail  of  girders  supporting  offset  columns. 


f—H    * 
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to  use  only  the  one  row  of  columns  and  avoid  the  girder  at  the  second  floor.  The  girder  is 
usually  more  expensive  and  objectionable  than  the  unsymmetrical  construction  above  (Fig. 
445  is  an  illustration  of  this  arrangement).  If  both  A  and  B  can  be  extended  through  the  lower 
stories,  it  is  advantageous  to  do  so  and  avoid  the  girders. 


672 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[S6CS-2K 


The  situation  at  the  cornen  of  the  building  is  illuatratad  in  Fig.  446.  Columna  A  and  B  are  supported  « ta 
girder  shown  in  section  F-F.  The  loads  of  the  upper  columns  are  nearly  balanced  ovtf  the  lower  oalaatB,  batik 
girder  extends  to  the  corner  column  which  takes  whatever  reaction  is  required  to  balance  the  loads. 


smfhv 


VU7 


Fia.  446. — Showing  method  of  avoiding  offset  columns  and 
resulting  heavy^rders  by  using  unequal  panel  lengths. 


Fio.  446.— Offset  columns  at  comer  of  boildiai. 


t 


Fio.  447.— La  Salle  Hotel.  Chicago.  HI. 


The  Hotel  LaSalle,  Chicago,  111.,  presents  a  number  of  examples  of  clear  space  requiranents. 

Fig.  447  is  a  plan  of  the  first  floor,  wliich  shows  a  Lobby  about  61  X  74  ft.,  a  Dining  Room  about  51  X  SOU, 
and  a  Buffet  about  33  X  60  ft.    Over  the  Buffet  is  a  room  on  the  messanine  floor  having  the  same  dlmesiioM- 


Sac  S-2ft6] 
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Ttta  Lobby  ia  omtar  th«  Ucbt  court  of  the  buthUnE  H  thkt  tlw  tnnninc  over  it  orriec  onb'  tht  roof,  but  tlie 
■dltiim  an  auch  Ifaal  ontinuy  roof  trunoi  could  not  be  uied.  Tb«  frarniui  used  ia  ihown  on  Fib.  443.  Thvn 
I  ei^t  bnckata  projoctioi  from  tb«  lida  eoluuuu.     TbCM  bnckets  BUpport  ■  rpctiuiile  of  ijlste  (irden.  wbicfa  in 


Tba  Dininc  Room  ii  to  proportioBed  tbat  It  n 
14  ft.  i 


>  «i  tin  depth  oltbe 
for  tbe  ^rdcn  hkvj 
a  niBks  tbe  ipu  between  (inlen 
There  mn  tbrca  of  theee  lirden  apsnu 


le  fuD  heicbt  of  the  lint  u 
I.  Very  heavy  (irden  ■: 
yt  theae  cirden.     In  tbia 


vailible  for  uae,  u 


V  roquired  to  aupport  the  IS 
I  overaJf  depth  of  about 
dertoobatruettbeeecondflooripuBa  little  u  ptwible 
ipeoini  ii  provided  throuch  each  girder  for  the  eorridoc 
1-2,  3-4.  and  &-«  (Fis.  443).  EKb  aupporta  two  main 
d  Boon.     The  poaitiona  of  tbcae  prden  are 


Fie.  44S.— Second  floor  plai>.  La  Salle  Hotel.  Chicaco.  m. 


tlowl. 


Over  the  dear  apace  of  the  meaiaoiDe  atory,  cdumoa  8  and  1 1  have  to  be  auppor(«d  (Fie-  448).  Column  S 
la  laiTied  by  a  pair  of  plate  tirderi  (Fi<,  44eb)  aitendlni  below  the  aeoond  floor,  but  not  above  It,  no  obatruclion 
above  the  floor  beinc  perniiaaible  at  thia  place.  Column  II  ia  carried  by  a  truaa  whoee  depth  ia  that  of  the  aeoond 
■tory.     It  ia  arranged  ao  Ibat  two  doorwaya  can  be  cut  through  (Fig.  449a). 

The  Orand  Banquet  Hall  of  the  hotel  ia  on  the  top  Booi  and  haa  only  a  roof  over.  Fig.  4£0  thorn  the  apadal 
anbed  truaa  deaigned  for  tbia  purpoae. 

The  Univeraity  Club  of  Chicago  offers  several  iUustrations  of  Urge  clear  spacefl.  Id  this 
building  they  are  airsnged  one  above  the  other  as  far  as  practicable.    This  Brrangement  vras 
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mode  ID  order  to  h&ve  the  beet  rooniH  ttux  oq  Michigan  Avenue,  but  it  Hervea  to  reduce  tbttw- 
centration  of  loads  that  must  be  supported  by  individual  girders.  The  frontispiece  ibon  lb 
building  in  question.  The  architectuml  treatment  marks  the  location  of  the  Main  Diui| 
Hall  on  the  ninth  floor  and  the  Lounge  on  the  Becoad  floor. 


■tocy  B  clwT  of  calumni  • 
kppraiimslsly  30  ft. 

On  the  Hecood  floor  ii  the  Lounse,  m 
tor  lirdcn.     Ths  UTViEciiiciit  of  Ibe  In 

lued  beuuae  of  the  gmlcr  lowl  which  ( 


Tbh  itory  ii  29  ft.  high,  enough  loiDnipii 
lown  in  Fi(.  451.  Two  douUs  plilr  prdeau^ 
tu  to  provide  An  openliiB  for  the  mfridoi.   fit 


w  \2j  over  Mezzonine 


xrw' 

A 

/T-v/' 

1 

J<v„^,«,            tfl 

1 

J 

("6)  Cirder  Gt  over  Meizanlne 


(c)  Girders  G,  over  Dintng  Room 

Fia.  us.— Detwla  of  (irden.  L>  S^le  B 


^sil 


and  *■  the  load  over  tlwM  k 

V  ii  locatod  on  the  eijihtli  floar,  ■ 


m  Uw  HTehth  floor.     Adjotuiiig  It  b  >  Cafe.     Both  □(  IbiK  i 
u  ia  only  one  floor,  pain  ot  l-beami  aerre  aa  clnlen  fa-  tkii 

Th»  Libiary  ii  locatod  on  the  eijihtli  floar,  acriH  the  end  ot  tl 
453).  Banquet  Rooma  are  located  on  the  aame  floor  between  columi 
between  column!  4-5-2-1 .  All  the  giider  apana  oier  thoe  apacea  are 
conditiona  vary  go  that  gome  are  plate  girden  and  othen  double  I-bcalna. 

The  Main  Dininc  Hall  oceuplea  approiimataly  46  >c  M  It.  on  the  ninth  floor.  The  hricbt  from  floor  b 
ia  15  ft.  e  in.,  which  allowi  apace  above  the  oeilint  lor  the  cliden.  The  lialnins  onr  thia  room  ii  abon  i 
454.  The  loiida  above  are  one  Boor  and  roof  and  Boiiie  walk.  Tbe  arraniement  of  theae  loaila  b  lUeh  aa  U 
a  number  of  ipecial  featuiea  in  the  Iramlnf  at  indicated. 


buildins,  oeeupyini  about  30  X  <5  ft  (III 
B-a-3-2,  and  CoUeee  Han  ■  on  the  iBiH  Im 
ppnninwtalj  SO  ft.  (Fis.  463).     Thekarbi 
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Fid.  460. — Ttimhi  lot  too!  onr  Oiwicl  Banqust 


Dninnity  Club  ol  Chisaao- 
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The  foregoing  illuBtratiDUB  and  discuaaiooa  show  that  lante  clear  spaces  can  be  pnivitU    ; 
where  needed,  but  the  desigDer  should  bear  in  mind  that  the  special  construction  ioTolvnl  im; 
be  very  expensive.     Whenever  practicable,  these  large  spaces  should  be  planned  on  the  tcf 
floor  or  under  light  courts  so  that  the  loads  to  be  carried  on  the  long  epans  will  be  rdatirclT 


SWIMMING  POOLS 
By  Arthur  PaABonr 

Swimming  pools,  which  formerly  were  found  only  in  gymnaiuums,  have  becMne  a  comnM 
feature  of  club  houses  and  the  Y.  M.  C.  A.,  schools,  and  civic  centers, 

260.  Location  of  Pools. — The  swimming  pool  should  be  in  a  well  lighted  and  ventilalal 
room.  Where  possible,  direct  sunlight  should  be  secured.  The  greater  number  of  existing  pools 
are  located  in  the  basement  of  buildings,  evidently  because  of  the  expense  involved  in  support- 
ing the  great  weight  of  the  water  anywhere  else.    In  cities,  however,  there  ore  advantages  in 


Sec.  S-287] 
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placing  the  pool  in  an  upper  story  where  light  and  ait  may  be  secured.  This  leaves  the  basement 
free  for  the  power  plant  and  other  neceasary  equipments.  In  a  few  instances,  pools  are  con- 
structed in  separate  buildings  under  a  glass  roof  which  is,  of  course,  the  ideal  arrangement. 

B67.  Dimensions. — ITie  minimum  dimensions  of  a  swimming  pool,  as  prescribed  by  the 
Intercollegiate  Rules  for  athletic  contests  are:  width  20  ft.,  length  60  ft.  These  have  been 
adopted  as  standard  for  Y.  M.  C.  A. 
buildings.  Pools  should 
in  multiples  of  6  ft.  of  width  and 
15  ft.  of  length.  Typical  pools 
therefore 


20  X  eo  ft. 
25  X  60  ft. 
30  X  60  ft. 


20  X  75  ft. 
25  X  75  ft. 
30  X  76  ft. 


A  few  pools  are  100  ft.  long.    The 

depth  of  the  water  acording  to  the 

same  rules  shall  be  not  leas  than  3 

ft.  at  the  shallow  end  and  7  ft.  at 

the  deep  end.     The  majority   of 

pools  have  7>i  ft.  of  depth.     For  ^"'  *"■ 

diving  contests,  pools  are  8  to  8!  j  ft.  deep  with  a  maiumum  of  10  ft. 

MS.  aiape  et  Bottom. — The  so-called  spooo-shaped  bottom  is  considered  the  moat  service- 
able.   This  has  a  gradual  slope  to  the  middle  of  the  length  after  which  It  is  sloped  both  waya 
depth  at  a  point  15  ft.  from  the  deep  end  of  the  pool  (see  Fig.  456). 


sometimes 


cellaneoua  use  for  swimmeis  and  non-swimmers  or  childrei 
divided  into  sections,  may  have  a  regularly  in- 
creasing depth  from  the  shallow  to  the  deep  end 
(see  Fig.  466).  An  older  form  of  bottom  is 
sloped  gently  for  one-third  the  length,  more 
aharply  over  the  middle  third,  and  left  practi- 
cally flat  the  remainder  of  the  length.  All  parta 
of  the  bottom  are  pitched  sufficiently  to  drain 
the  water  to  the  outlet  (see  Fig.  457). 

269.  Constmctlon. — The  pool  is  con- 
structed of  reinforced  concrete  or  of  steel.  The 
computation  of  strength  will  not  be  discussed 
here,  but  the  pool  construction  must  be  suffl- 
cient  to  resist  the  loads,  which  will  be  consider- 
able. The  steel  tank  is  necessary  where  exces- 
sive ground  water  m^  be  encountered  and  for 
most  pools  in  the  Upper  stories  of  buildings, 
in  this  case,  the   tank   which   is  supported  on 

adequate   columns  and  girdeis,   is  lined  with 

dense  concrete,  inside  of  which  a  waterproof  jriJJUtion 
lining  of  lead  is  placed.  Upon  this  asphalted  into  Bt«l  ti 
felt  is  laid.  An  inside  layer  of  concrete  rein-  ^^fln,  fu 
forced  with  steel  fabric  is  then  placed  as  a  base   ir»ii"n«ilcal  lorm, 

maticu  lorm.  j^^  jj^^  jjj^  lining.     A  4-in.  course  of  brick  work 

may  be  substituted  for  the  inner  concrete  lining. 

In  the  new  building  of  the  Athletic  Club  at  Omaha,  Nebraska,  a  concrete  pool  is  located  on 

the  third  story.     The  problem  of  its  conatruction  is  similar  to  other  concrete  work  of  equal 

importance. 

The  Unk  miut  be  proleclcd  ac^iut 


fto.  46S.— Tvpir«I  a 


I  in  dift- 
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•uy.     Buoh  w>t«i)roofinc  «nipouDda  are  well  known  uid  ihould  be  lued  in  the  moal  offeotive  way.     Ttw  cnni 

gun  would  be  uaeTul  in  froutina  the  inude  and  ouUideoI  thepooL    Bsudetbu.  theinoideof  the  pcnlakdaUb  ; 

waterproofed  by  mombruiea  of  bucUp  and  asphalt  or  aiphaltud  lelte.  demented  tocether  with  iriteh  or  i^U  | 

It  is  found  in  praeUoe  that  where  aaphalt  will  not  adhere  to  the  concrete, a  prFtiminary  eoatinc  of  pilch  wifl  m  | 

oome  the  diffioulty.     Where  (round  water  ie  preeent  in  quantity,  the  eiterinr  of  the  ooncreto  walle  murt  i»  wa  | 

proofed  u  well.     This  ia  done  in  the  ume  manner  u  on  the  Inaide,  but  not  ueually  ■■  thick.     The  mjaa  pnfn-  ; 

tion  far  the  tile  finish  □[  the  in^de  ia  nemaary  aa  In  the  amt  of  the  ateel  tank,  eioapt  that  a  trivial  perabtieB  wsM  . 

270.  Tile  Finisli. — In  all  cases,  the  poo!  must  be  tested  aod  made  absolutely  WRt«rprW 
efore  any  attempt  is  made  to  set  the  tile  lining.     Special  care  muirt,  be  taken  to  make  tb-  ' 

work  ti([ht  about  the  inlet  and  outlet  uonnectiona. 

271.  LCulnsa. — The  liningH  of  the  walls  are  of  marble,  ceramic  mosaic,  or  large  tiles.  IV  j 
floor  of  the  pool  is  frequently  paved  with  hexagon  floor  tile.  In  this  material  the  lane  lias  I 
and  distance  numerals  are  shownincolorcd  tiles,  aa  well  aa  any  design  fixed  upon  by  the  architect  ' 

273.  OTerflow  TroughB,  Laddeis,  and  Curbs. — The  overflow  trough  or  scum  guttn-  ii  t  ' 
device  eid«udiDe  along  the  sides  of  the  pool  for  removing  the  dust  and  other  floating  substuve 


1. 


~L 


Fia.  400. — Open  acum  gutter  of           Fia.  401.— Deaicn  for  wall  tile  Fio.    402. — A    eomUuMiM  of 

B  X  «-in.  wall  tile  and  trimmers,  pilter  and  curb.    The  water  level  ceramie  moaaie  and  wall  lilt    K. 

auitable  tor  privaie  and  outdoor  la  IS  in.  below  the  lop  of  the  ourb,  curb  being  provided,  the  Eangnf 

pooh.  the  proper  take-off  diatance.  floor  ehould  elope  nwsy  froB  At 

from  the  surface  of  the  water.  It  acts  also  as  an  overflow,  preventing  the  riaeof  thewaterabon 
the  desired  level.  Finally  it  servet)  as  a  life  rail  or  catch-hold,  taking  place  of  the  metal  niliif 
or  life  rope  of  old-fashioned  pools. 

The  aeum  gutter  ahould  be  entirely  reeeiaed  in  the  surface  of  the  wall.  It  ia  formed  of  glaicd  tern  eotU  i^lb 
aame  color  u  the  tile  work,  or  may  be  formed  in  the  concrete  and  the  moeaic  tile  (Fl^.  460,401,  and  463). 

Metal  laddera  and  atepe  to  iiocJa  have  been  repbced  in  new  work  by  receesed  tile-coveied  ladden  or  imiai 
[ootholde  formed  of  glaaed  (em  cotta  or  of  ateel  covered  with  rnouie  tile.  The  curb  around  the  pool  ahouU  br  1.* 
to  16  in.  wide,  for  oomfortable  Btanding,  and  at  leaat  3  or  3  in.  high;  6  in.  ia  a  common  heigUt.  The  obiectofUi 
curb  ia  to  prevent  water  from  flowing  into  the  pool  from  the  aurroundini  apacee.  Ttaia  curb  ia  u»d  ■■  the  tabf^ 
In  athletic  oonteaU  and  ahould  be  13  In.  above  the  water, 

273.  Lin«s  and  Markings. — Distance  numerals,  depth  numerals,  swimming  sod  sifdj 
lines  are  indicated  by  colored  tiles.  Figures  are  used  at  5-ft.  intervals  and  the  tntervemif 
foot  marks  by  colored  lines.  Distance  marks  begin  at  the  deep  end,  and  must  be  aetut^. 
Swimming  lanes  extend  the  length  of  the  pool  along  the  bottom.  The  lines  are  3  in.  nidf  ud 
should  be  distinct.  The  lanes  ore  5  ft.  wide.  Safetylines  are  extended  across  the  pool  andup 
the  sides.  At  5  ft.  from  the  ends,  similar  lines,  called  turning  lines,  are  extended  acroeslbe 
bottom  and  sides.  Besides  these  are  the  jack  knife  limits  which  are  similar  lines,  6  ft.  fromltir 
end  of  the  diving  board,  crossing  the  curb  and  ext«nding  a  short  distance  below  the  water  kvtl. 
as  required  by  the  rules,  fur  the  assistance  of  the  judges  of  athletic  contests  (sec  fig.  4C31. 

874.  Diving  Board.— The  official  diving  boai-d  is  not  less  than  12  ft  nor  more  than  13  ft. 
long,  by  20  in.  wide.  The  cihI  projects  not  more  than  2  ft.  over  the  pool  and  the  fulcnim  * 
placed  at  %  the  length  from  the  free  end.  The  height  above  the  water  is  not  leas  than  2\  ft 
nor  more  than  4  It.     Provision  tor  fastening  the  board  should  be  made  in  the  floor  stnietoct 
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I  CcUfi. — Where  awimmiDg  lessons  are  given,  a  wire  cable  is  extended  the 
length  of  the  pool  to  Bupport  a  swimming  belL     Anchorage  for  this  should  be  made  in  the  walls. 

ITS.  Special  PooU. — Besidei  the  ordinary  Bwimmiog  pool,  specif  pools  are  somctimos 
built  for  sports,  such  as  water  polo  and  vrater  basketball. 

The  water  polo  pool  should  be  60  to  70  ft.  long,  20  to  40  ft.  wide,  and  C  ft.  deep.     These 


|.s4^ 


i-L 


.  tnd  «]iTr«tlon  of  a  typical  fl¥rlmi 


unefl  may  b«  placed  in  the  ordinary  pool  by  placing  the  necessary  marks.     The  playing  and 
aal  linea  aie  as  follows: 

Center  line,  ouroes  the  length  of  the  pool. 
Goal  lines,  4  ft.  from  the  ends. 
Free  throw  line,  16  ft.  from  the  ends. 
Twenty-foot  lines,  20  ft.  from  the  ends. 

For  water  basketball,  a  pool  not  over  2600  aq.  ft.  in  area  may  be  used,    llie  center  line 
and  the  15-ft.  lines  only  are  required  for  this  game. 

All  markings  should  be  formed  in  the  tile 
lining  of  the  pool  aa  before  described.  They  may 
be  worked  into  the  decorative  scheme  of  the  tile 

Tha  toncoins  dmsriptlDD  ippljca  to  lolcrior  pooU. 
Bfliide  UwH,  outobda  poola  for  swlinmias  or  vmUdc  »n 
common.  Tfae  luga  aiie  ot  ant-of-door  pcwli,  u  ordinAriljr 
dialgaed,  Icadi  to  lea  decontion  utd  in  nwny  imw,  pluiii 
coDcrcte  lurfscca  nn  smploysd.  The  gtructun  uid  wBt«- 
prmflDK  d(  ChcM  poala  require  tbe  urns  ure  u  with  interior 
poola,  end  the  unitslion  wiJl  need  to  be  siren  kttentioD.     Ai 

Fio.  4M. — De-    water  nwy  b«  kept  clnD  by  frvquent  renewal. 
U    of    diitance  . 

■  STT.  Spaces  About  the  Pool. — The  entire  area  ^ 

about   the  pool  should  be  paved  with   tile  or 
tctrble.     The  walls  should  be  wainscoted  with  the  same  material  tc 
•  the  ceiling.    The  walk  or  gangway  about  the  pool  should  bo  3 
des,  and  at  least  6  ft.  at  the  ends.    Some  space  should  also  b< 


-pins. 
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For  athletic  contests,  temporary  bleachers  will  be  set  as  close  to  the  pool  aa  peniua8iblc»  ' 
that  the  Bpectators  uan  watoh  the  games  closely.  It  is  useless  to  provide  laige  and  dtq 
(galleries,  generally,  as  the  swimmers  or  players  cannot  be  watched  aatiafaiitoriiy  except  fna 
the  first  row  of  chairs.  Shower  baths  should  never  be  placed  in  the  pool  room  on  acconnttJ 
the  steam  thrown  off  by  them  which  will  condense  on  the  walls  and  ceiling  and  creat«  u 


378.  Water  Supply  and  SaniUtioD. — The  wat«r  supply  pipe  should  be  of  sufficient  ■■  . 
to  fill  the  pool  in  24  hr.     The  water,  though  it  may  be  pure  upon  first  being  admitted,  bmi 
becomes  unfit  and  must  be  cleansed  and  disinfected.     With  such  treatmeot,  however,  it  mt^U 
used  continuously  for  a  considerable  time,  in  certain  instances  extending  over  more  than  a  ym. 
In  many  cases  the  avaihible  water  supply  must  be  treated  before  using. 

C  quarti,  Kand.  chmrcoH],  and  other  Glterins  >e«ntfl  trmoTVB  tb«  nwdBHtJ  ' 
iim  completiv  the  dpuins.  For  deetroyina  bscterim  tbe  ultrm  violel  njr  ■  w 
played.  Thi*  connate  of  ■  mercury  vapor  lamp  suapended  in  a  nkr 
ticht  protecting  glsoa  tube  hold  within  a  eaflt-imii  chamber.  The  aite 
ii  puaed  by  the  lamp  in  aucli  a  way  aa  to  aeouie  tiie  actioD  nitWin 
•uSciently  to  dailroy  all  bacleria. 

An  oion«  apparatua  iaalao  uaed  for  thia  purpoae.     The  oaouem^. 

ratua  eongiBts  of  a  ateel  tower  through  which  tha  water  a  i    mini 

aubjected  to  ooDtact  with  oione.     The  method  ia  undoubtedly  tSrHiit 

and  where  apnea  can  be  alforded  and  conditiona  wanant  Ibe  intiBiliB. 

it  will  perhapa  Bioel  the  ultn  violet  ray  proceaa.     In/omtioa  caiti 

obtained  aa  to  the  oaone  apparatus  Inim  the  IT.  8.  pnblio  beollh  tr^a%. 

'    WMhiniton,  D.  C. 

Fio   467  ^'^  water  ia  drawn  From  the  pool  by  a  circulatitiic  pump.  FiimA 

thToufh  the  heater,  fitter,  and  ateriliier,  after  whioh  it  rttnma  totW 

pool.     The  pump  should  be  of  aufficient  tapairity  to  ehuifB  the  water  once  in  10  hr. 

Three  mniurea  secure  dean  water,  but  the  walla  and  floor  of  the  pool  win  require  frHjuent  i  li  aiaiii  i^ 

279.  Heating.— The  heater  should  be  the  closed  type  of  feed  water  heater  with  capper  « 
brass  tubes  through  whioh  the  water  passes  (see  Kg.  466).  The  temperature  of  the  valH 
should  be  controlled  by  a  special  thermostat  which  will  maintain  a  coiutaiit  d^ree  <^  hat, 
usually  about  75  deg.  F. 

In  Bome  casea  the  water  ia  heated  by  inlecting  aleam  directly  (aee  Flc.  MT).  In  the  ordinary  caae  thk  nett^ 
will  carry  in  watsr  impurities,  oil,  rust,  and  acale  from  the  boilera.  It  is,  however,  a  qnick  and  cb^4>  methnl  4 
heatins  and  when  property  done  will  be  free  from  Dolae. 


HAIL  CHtTTES 

Br  Abthur  Peabody 

280.  RequirementB. — Public  buildings,  office  buildings,  apartment  buildings,  and  bot^ 
are  usually  provided  with  mailing  chut«s  for  first-class  mail  only.  Where  these  deliver  dirtrtir 
to  public  mall  boxes,  the  regulations  of  the  United  States  Post  Office  Department  must  beob- 
served  in  the  location  and  construction  of  the  chutes  and  boxes.  Tlieae  regulations  art  k 
follows: 
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The  »»*«»  bos  must  not  be  plaoed  more  than  60  ft.  from  the  main  entrance  of  the  building. 
The  mail  chute  must  run  through  a  public  hall  or  premisee  that  are  freely  accessible  to  the  public  and  the 
Office  autnorities. 
Evaiy  mail  ohute  must  be  so  eonstruoted  that  its  interior  is  quickly  and  easily  accessible  to  authorised  persons, 

l»«at  noft  to  others. 

It  must  not  run  behind  a  partition  or  elevator  screen. 

AH  contracts  covering  mail  chute  installations  must  be  upon  the  form  prescribed  by  the  Poet  Office  Department 
ith  the  regulations  printed  upon  and  made  i>art  of  the  contract. 


AaC-H 


JG^ 


^ai/lfni 


Ftq.  468. — With  wood  backing. 


ThtmM 

Fig.  400. — Steel  angle  backing. 


^Ehyafor 


Thimbte 


Fig.  470. — Reversed  bacJcing  against 
elevator  screen. 


A  bond  of  the  Post  Office  Department  is  required  of  the  contractor.     Copies  of  these 
regulations  will  be  furnished  upon  request. 

Other  requirements  are  that  the  chutes  must  be  absolutely  yerticali  without  bends  or 

offsets,  to  avoid  possible  clogging.  Rough  openings  in 
the  floors  to  permit  the  installation  of  mail  chutes  must 
be  6  X  12  in.  in  the  clear  for  each  chute,  plumbed  down 
through  the  building,  located  2  in.  away  from  the  wall 
against  which  the  support  of  the  chute  is  fastened. 
Metal  thimbles  for  floor  openings  are  furnished  by 
makers  of  mail  chutes.  Where  the  backing  or  support 
of  the  chute  is  furnished  separately  from  the  mail  chute 
contract  it  must  consist  of  a  flat  vertical  continuous  surface  not  less  than  lOH  in*  wide  ex- 
tending from  the  ground  floor  surface  to  a  point  4H  ft.  above  the  floor  of  the  highest  story 
Irom  which  mail  is  delivered.  The  backing  may  be  of  wood,  as  in  Fig.  468,  or  of  steel 
angles  2  x  2-in.  size,  as  in  Figs.  469  and  470.  Fig.  471  shows  the  backing  in 
place,  ready  to  receive  the  chute.  It  is  advisable  to  include  the  backing  in 
the  contract  for  mail  chutes  to  insure  a  satisfactory  piece  of  work.  Where 
the  chute  is  in  connection  with  an  elevator  screen,  it  must  be  self-supporting 
between  floor  and  ceiling. 

i81«  Details. — ^The  details  of  this  device  are  so  specialised  and  patented 
and  the  regulations  surrounding  installations  are  so  strict  that  the  usual  prac- 
tice is  to  make  \ise  of  one  of  the  principal  types  now  on  the  market. 

Single  and  double  chutes  into  one  mail  box  are  furnished  as  circumstance 
require.    Openings  in  floors  must  then  be  made  in  accordance. 

The  chutes  are  formed  of  metal,  with  removable  or  hinged  plate  glass 
panels  exposing  the  chutes  throughout  their  length,  and  giving  access  to  the  rj^. 
interior  at  all  points.  The  usual  finish  of  the  chutes  is  a  dull  black  enamel.  p^^  471.— Back- 
The  mail  boxes  are  of  standard  pattern  and  capacity.  The  finish  may  io«  ready  for  the 
be  black  or  of  electro-bronze  (slightly  oxidized  or  ''statuary'')  with  bronze 
trimmings.  Special  designs  are  available  for  important  work  following  the  architectural 
style  of  the  building,  which  may  be  executed  in  real  bronze.  The  space  required  for  a 
standard  mail  box  is  36  in.  high,  21 K  in*  wide,  by  113^  in.  deep  over  all.  Special  boxes  will 
vary  in  dimensions. 
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RETAINING  WALLS 

By  Allan  F.  Owbn 

Retaining  walls  are  walls  that  support  the  lateral  pressure  of  earth  or  of  other  nattfit 
naving  more  or  less  frictional  stability.  They  are  used  in  buildings  as  baflcsment  and  nl- 
basement  walls  and  as  walls  of  tanks,  swimming  pools,  coal  bins,  etc.  In  some  cases,  icUId- 
ing  walls  must  be  designed  to  support  loads  coming  upon  railroad  tracks  an<l  driYewaja  boiH 
on  top  of  the  backfill  parallel  with  the  wall. 

Where  possible,  the  earth  back  of  retaining  walls  must  be  drained  so  that  actual  vite 
pressure  will  be  avoided.  A  thin  film  of  water,  held  between  a  retaining  wall  and  the  fill  behind 
it,  exerts  the  same  pressure  against  the  wall  as  a  body  of  water  of  the  same  depth.     Hovnrf, 

a  small  amount  of  water  may  be  led  away  It 
drains  so  that  it  will  never  stand  deep  enoogi! 
to  harm  the  wall. 

In  water  bearing  soil  the  back  of  the  wsl 
must  be  waterproofed,  or  the  wall  made  of  wattf* 
proof  concrete,  and  must  be  built  heavy  enoq^ 
to  withstand  water  pressure. 

282.  StabiUty  of  a  Retaining  WalL— Tf« 

motions  of  the  wall  tend  to  result  due  to  the 

action  of  the  earth  thrust:   (1)  a  tendency  to 

slide  forward;  and  (2)  a  tendency  to  tipfonrard 

-^       about  some  point  on  the  base. 

The  thrust  of  the  earth  back  of  a  retainiiie 
«J^°.hJ"-.^L'S*er?u"  t™£rf™.i7oo«S^^  ^a"  «  counteracted  by  the  fricUon  between  tf. 

wall,     Union     Special     Machine    Company    building,    base  of  the  wall  and  the  Soil  on  which  it  TOtt, 

*    '  '     '  by  the  pressure  of  the  soil  at  the  toe  of  the  waS. 

and  by  the  pressure  of  the  soil  against  key  walls  (if  any)  constructed  below  the  plane  of  the 
base  of  the  wall  proper.  Concrete  struts  or  heavy  concrete  floor  construction  is  usually  neca- 
sary  in  deep  basements  to  take  care  of  the  greater  part  of  the  earth  thrust  (see  Fig.  472). 

The  resistance  to  overturning  the  wall  is  afforded  by  a  distributed  reaction  of  the  bearing 
soil  upward  against  the  base  of  wall.  The  center  of  the  resultant  force  acting  upon  the  has 
must  strike  within  the  middle  third  of  the  base  plane  if  the  entire  bdse  is  to  bear  on  the  soil 
The  soil  pressure  under  the  toe  of  a  retaining  wall  should  not  be  greater  than  the  allowaUt 
(see  table  on  p.  351). 

The  frictional  resistance  along  the  horizontal  base  of  a  wall  may  be  taken  as  the  total 
vertical  load  on  the  base  multiplied  by  the  coefficient  of  friction  of  the  wall  material  upon  tbe 
supporting  soil.  The  coefficients  of  friction  between  earth  and  other  materials  are  given  ii 
Table  1. 

Table  1. — Coefficient  of  Friction  Between  Earth  and  Other  Materials 


Material 

Coefficient 

Manonrv  upon  ipanonrv-  -                   

0.65 
0.60 
0.33 
0.40 
0.60 

Maaonry  on  dry  clay 

Masonry  on  wet  clay 

Masonry  on  sand 

Masonry  on  gravel 

When  the  material  back  of  the  wall  is  a  fluid,  the  intensity  of  the  horizontal  preasure  at 
any  depth  is  equal  to  the  weight  of  a  cubic  unit  of  the  fluid  multiplied  by  the  given  depth.   TlM 
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for  water,  at  a  depth  of  one  foot,  the  horizontal  (and  also  the  vertical)  pressure  is  62K  lb.  per 
sq.  ft. ;  at  a  depth  of  10  ft.  it  is  625  lb.  per  sq.  ft.  For  any  material  not  a  fluid,  the  horizontal 
pressure  is  less  than  the  vertical  pressure  but  the  variation  of  pressure  due  to  depth  follows  the 
same  law.  Thus  the  term  "equivalent  fluid  pressure"  for  a  given  material  is  taken  to  mean  the 
horizontal  pressure  per  square  foot  at  a  depth  of  one  foot.  The  equivalent  fluid  pressure 
varies  with  the  "angle  of  repose"  and  weight  of  the  material. 

Tabus  2. — Angles  of  Repose  and  Weight  pbb  Cubic  Foot  for  Variotts  Eabths 


Material 

Weight 
(pounds  per  oubio  foot) 

Ansle  of  repose 
(degrees) 

^nnd.  dry 

90  to  110 
100  to  110 
110  to  120 
80  to  100 
80  to  100 
100  to  120 
100  to  135 
100  to  116 

20  to  35 
90  to  45 
20  to  40 
20  to  45 
25  to  45 
25  to  30 
30  to  48 
20  to  37 

Sand,  moiat 

Sandt  wet 

Earth,  diy 

TRjirfh.  mnut 

Earth,  wet 

Gravel,  round  to  anirular 

Oravel.  sand  aud  clay 

Table  3. — Equivalent  Fluid  Pressure 


Angle  of  repose 
(degrees) 

Coefficient 

Weight 
(pounds  per  oubio  foot) 

Equivalent  fluid  pressure, 
(pounds) 

20 

0.49 

80 
100 
120 

30 

49 
59 

25 

OAWf 

80 
100 
120 

32 
40 
49 

80 

0.333 

80 
100 
120 

27 
33 
43 

35 

0.271 

90 
110 
130 

24 
30 
35 

40 

0.217 

90 
110 
130 

19 
24 
28 

45 

0.172 

90 
110 
130 

15 
19 
22 

48 

0.147 

100 
120 
135 

15 
18 
20 

From  Tables  2  and  3  it  will  be  seen  that  the  equivalent  fluid  pressure  may  be  taken  at  from 
15  to  59  lb.  according  to  soil  condil;ions.     Recommended  values  are  given  in  Table  4. 
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Table  4. — Recommended  Values  of  Equivalent  Fluid  Pressuks 


Well  drained  sraTel 

— , 

20 

AveTAse  e&rth 

33 

"Wet  Mind ........    

60                                                  t 

l^&ter  beArinir  soil 

62H 

Fluid  mud 

80 

Fig.  473. — Distribution  of 
horiiontal  pressure  on  back 
of  wall  with  level  back  fill. 


The  foUowing  notation  will  be  used: 

p  -i  equivalent  fluid  pressure  of  soil  back  cf  wall. 

P  —  total  pressure  on  back  of  waU. 
k    ■■  height  of  wall. 

h  ■■  width  of  baae. 

e  ■■  distance  from  back  of  wall  to  center  of  gravity  of  weight  of 
backing. 

X  "■  distance  from  back  of  wall  to  center  of  vertical  reactioti. 

e  "■  eccentricity  of  vertical  reaction. 
W\  i*  weight  of  wall. 
Wt  «  weight  of  backing  carried  on  wall. 
R\  -•  vertical  reaction. 
J2i  "  horiaoatal  reaction. 


walul 


7/  y//^%'^yw//,  V 


7g  ^  ^j»»}^^?^>'>>m'\  y?-^ 


I 


Fia.  474. — Types  of  masonry  retaining  walls. 


f 


CoseX 

-  i'  - 

P| 

e  kso  fhcm  b*6 

Coselir 


0»bi'6 


0  C'VWnPr  fhon  D'^C 


FiQ.  475. — Distribution  of  stress  on  foundations  eccentrically  loaded. 


The  horizontal  pressure  at  the  top  of  the  wall  is  zero,  and  the  pressure  at  the  bottom  of 
the  wall  =  'pK     The  pressure  varies  uniformly  between  these  limits  and  the  total  P  =  ^ 

The  center  of  this  pressure  is  at  »  above  the  base  (see  Fig.  473).     Referring  to  fig.  474 

R*  =  P 

H  Ph  +  (TF,  4-  Wt)c 


X  = 


Ri 


e  «  a;  —  K& 
When  z  »  }ib,  the  soil  pressure  is  uniform  over  the  whole  base.    When  x  «  ^5,  the  pro- 
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un  varies  from  nothing  at  the  heel  to  twice  the  average  at  the  toe  (see  Case  II,  Fig.  475). 
XI  Fig.  476 

0«eI:/.-«'(i+6|) 

Case  II: /i  -  2i?i  -^  6 

Case  III:  /i  -  2Ri  -^  3(M^  -  e) 

S8S.  ICasonry  Retaining  Walls. — Masonry  walls  of  brick,  stone,  or  concrete  may  be  used 
or  low  retaining  walls,  where  the  weight  to  be  supported  is  small  and  no  great  thickness  ia 
'equlred,  or  for  high  walls  where  consideration  of  space  and  cost  will  permit  the  great  thicknesses 
'equired. 

For  a  rectangular  retaining  wall  of  masonry  weighing  150  lb.  per  cu.  ft.,  the  width  of  base 
pven  in  Table  5  in  terms  of  the  height  will  make  e  —  y^h.  The;  soil  pressures  will  be  /i  »  300A 
[where  /i  is  in  pounds  and  A  is  in  feet),  and  /s   >■  0. 

For  a  retaining  wall  of  triangular  cross  section,  back  ver- 
■ical,  front  battered,  of  masonry  weighing  IfiO  lb.  per  cu.  ft. 
Jie  same  width  of  base  as  given  in  Table  5  will  make  e  »  %h. 
Hie  soil  pressures  will  be  /i  »  150A,  and  /s  —  0. 

For  a  retaining  wall  of  triangular  cross  section,  front 
vertical,  back  battered,  of  masonry  weighing  150  lb.  per  cu.  ft., 
supporting  a  fill  weighing  100  lb.  per  cu.  ft.,  the  width  of  base 
liven  in  Table  6  wiU  make  e  »  )^&.  The  soil  pressures  will  be 
fi  -  250^  and  /,  -  0. 

2M.  Rrinforcad  Concrete  Retaining  Walls. — Reinforced 
concrete  is  the  most  suitable  material  for  many  retaining  walls  because  of  the  possibility  of 
making  it  moisture  proof  or  water-proof  as  may  be  required,  and  because  the  weight  of  the 
backing  can  be  utilised  to  advantage  to  prevent  overturning;  also  the  sections  may  be  made 
thin  and  the  tensile  stresses  resisted  by  steel  reinforcement.  Types  of  reinforced  concrete 
retaining  walls  are  shown  in  Fig.  476. 


Table  5 


Table  6 


p 

6  +  A 

V 

h  +  h 

20 

0.37 

20 

0.46 

83 

0.47 

33 

0.576 

50 

0.68 

60 

0.707 

62H 

0.65 

62H 

0.79 

80 

0.73 

80 

0.805 

VI. 


■JawrjOT 


' 


4^ 


Omtilnw-  Wbll 


Wall  Supporivd  lop  ound  Boffom 


Watt  with 'Back  Ties 
Fig.  476. — Types  of  reinforced  concrete  retaining  walls. 


284a.  Cantilever  Wall. — The  upright  portion  of  the  wall  must  be  figured  as  a 
cantilever  slab.     At  any  depth  hi  (see  Fig.  476) 

M  -  Hphi' 
llie  maximum  moment  occurs  at  the  junction  of  wall  and  base,  or 

Mnu^.  «  Hp(h  -  ty 

The  total  upward  pressure  on  the  toe  of  the  wall,  y,  may  be  found  from  the  formulas  and 
diagrams  for  the  distribution  of  soil  pressure  (see  Fig.  475).    Let  this  pressure  equal  F,    The 
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distance  from  the  front  face  of  the  vertical  slab  to  the  center  of  gravity  of  the  "trspenklrf 
pressure ''  may  be  computed  and  the  maximum  moment  in  the  toe  slab  at  the  face  <A  will  ii 
be  this  distance  times  F.    Usually  it  will  be  near  enough  to  take  M  »  y^Fy. 

The  maximum  moment  in  the  heel  slab,  2,  may  be  taken  at  H  W^  Care  must  be  takeate 
have  the  reinforcing  rods  long  enough  beyond  points  of  maximum  stress  to  develop  their  8tra|ti 
in  bond.     Each  of  the  cantilever  arms  of  this  wall  may  be  tapered  toward  the  free  endB. 

The  horizontal  portion,  or  floor  slab,  is  usually  poured  before  the  fonns  for  the  vertical  p» 
tion,  or  wall  slab,  are  completed.  It  would  be  very  inconvenient  to  handle  the  upright  rods  i 
they  extended  from  the  bottom  of  the  floor  slab  to  the  top  of  the  wall  slab.  ConseqaeniiT. 
the  rods  in  the  floor  slab  shoiild  be. cut  so  they  will  extend  into  the  wall  slab  only  far  eooq^ia 
develop  their  strength  in  bond.  The  bars  in  the  vertical  slab  should  then  start  at  the  top  of  tk 
horizontal  slab  and  may  be  alternately  long  and  short  to  provide  the  steel  required  at  tbebo^ 
tom  and  less  steel  at  the  top.  Rods  crossing  the  main  reinforcement  must  be  used  to  prerat 
cracks  and  these  may  amount  to  Ho  to  H  %  of  the  sectional  area. 

In  designing  a  cantilever  wall  for  a  given  height,  it  is  necessary  to  assume  wall  and  floor 
thicknesses  and  width  of  base.  Table  7  may  be  used  to  assist  in  making  these  assumptioa 
Concrete  is  taken  at  150  lb.  per  cu.  ft.,  and  back  fill  at  100  lb.  per  cu.  ft.     The  width  of  iat 

in  each  case  will  make  ^  =  z*     Wall  thickness  assumed  ^*     Floor  thickness  assumed  7^* /i 

b  given  in  pounds  when  h  is  height  in  feet. 


6 


12 


Tabub  7 


y  +  h 

0 

H 

H 

H 

H 

'  , 

s  +  6 

H 

« 

H 

H 

H 

1      » 

1 

V 

Values  of  b  + 

h 

20 

0.465 

0.401 

0.379 

0.380 

0.402 

O.Ml 

33 

0.697 

0.616 

0.487 

0.489 

0.617 

0.760 

fiO 

0.734 

0.686 

0.600 

0.601 

0.637 

O.03S 

62H 

0.821 

0.710 

0.670 

0.672 

0.711 

1.047 

80 

0.929 

0.802 

0.758 

0.760 

0.805 

1.182 

/i 

224A 

193Jk 

162A 

13lk 

lOlA 

7tt 

IllnitrfttiTe  Problem.— Given  the  following  data:  A  «  24  ft.  6  in.,  p  «  33  lb.,  6  -  12  ft.  0  in.,  y  -  1  ft  lOa 
8  ft.  0  in. 

Then 

p.(33H?ipi:5).9904lb. 

TFi  -  (63.68)(160)  -  9637  lb. 

Wt  -  (180)(100)  -  18.000  lb. 

(9637)^8.07)  +  118,000)^3.97) 
c  ^  


27,637 
Rx  -  27,637  lb. 

80,883  +  148.422 


-  6.4  ft. 


8.33  ft. 


27,637 
«  «  8.33  -  Y  -  2.33  ft..  18  greater  than  Uh. 

/i  -  66.074  -f-  11  -  6007.1b.  per  >q.  ft. 

Bending  momenta  in  upright  cantilever  at  varioua  depths  are  figured  and  plotted  from  the  formula  If  ■■  H  pk** 
6.6Ai*  (see  Fig.  477).     Moment  at  22-ft.  depth  -  68,664  ft.-lb. 

By  the  prindplea  of  reinforced  concrete  the  thicknees  of  wall  is  determined  to  be  20  in.  and  the  requii«i>"> 
of  steel  at  this  point  2.14  sq.  in.  A  curve  is  plotted  for  the  required  area  of  steel  aa  shown  in  the  steel  (finmB^ 
Stub  rods  f^  in.  square  and  3  in.  on  centers  are  placed  in  the  footing  slab  to  project  into  the  wall  slab  tbe  reqanrf 
bond  length,  or  30  in.  The  value  of  these  rods  is  represented  by  the  triangle  ahe.  Rods  in  the  wall  start  at  tbe  ttpcf 
the  footing  slab — one  21  ft.  9  in.  long,  one  8  ft.  9  in.  long,  and  one  5  ft.  0  in.  long  being  uaed  in  each  footlttfik 
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m  roda  u  rvprcwated  by  (he  polyawi  indicated,  Uie  taper  top  aod  botlom 

Bnth  u  aHowatil*  beviai  «f  400  lb.  par  (q.  in.  the  nquired  ana  i*  20  aq.  in.  A  I  X  S-ia.  iilank  laid  in  the  top  at 
LtM  al>b  and  lemoved  Infofa  the  vail  ii  pound  will  give  a  bearina  am  of  i^  X  IE  -  21  aq.  In.  The  nuniniuai 
notkia  inahearwUI  baTM  X  13  -BOaq.  ft.  -~  -  SB  lb.  per  aq.  In.,  which  ia  aOowabla  [or  auch  a  heavily 
T«iBfan»d  aHlio. 

The  aoil  pn«ra  m  the  toe  atab  aveiana  *5*S  lb.  pn  an.  ft.  U  -  <I.S3)t4M5)<0.e2)  -  7640  It.-lb.  Steel 
■Bqulrad  —  0.34  eq.  Id.     Roda.  H  in.  aquare,  will  be  uaed  apaced  12  in.  on  centen. 

The  load  on  tbe  heel  alab  ■•  IS.OOOlb.  and  jif  -  (18,000X4)  -  72.000  ft  .-lb.  The  depth  rvquirad  ia  30  in.  and 
the  ateel  ana,  7.2B  aq.  is.     Roda.  H  in,  aqilaie,  wiU  be  uaed  apwAd  3  in.  on  nntera. 

To  pnvent  ermeke  in  the  wall,  rod*  »  in.  aquan,  will  be  uaed  apaoed  IS  in.  on  eentera.  Thia  amount  of  iteel 
a  iit%  of  the  wall  area. 


^sSTftS."' 


I.  477.— Deaicn  of  cantilever  wall 


Mb.  Wall  with  Back  Ti«a.^Iii  defligning  a  wall  with  back  tiee,  the  vertical  part 
of  the  wall  u  figured  as  a  nlab  loaded  on  its  buck  and  supported  by  the  tie  counterforts  (see 
fig.  476).  The  floor  <  is  figured  as  a  slab  supported  by  the  counterforts.  Reinforcement 
miut  be  placed  in  the  ties  to  take  the  tension  produced  and  also  to  hold  the  tie  to  the  floor  and 
wslL 

264e.  Walls  Supported  Top  and  Bottom. — The  most  common  form  of  retaining 
wall  in  building  conBtruction  is  the  wall  supported  at  the  top  by  the  lirat  floor  construction  and 
at  the  bottoin  by  the  basement  floor.  This  wall  must  be  reinforced  as  a  slab  loaded  at  its  back 
and  supported  top  and  bottom.     Referring  to  Fig.  476 


2P 


Moment  at  any  depth  k, 


The 


jf-w,-*; 


a  moment  is  at  the  depth  0.58A  and  is 
M  -  O.OMph  > 
Retaining  walls  in  buildings  may  be  supported  by  heavy  wall  columns,  and  in  such  cases 
tiie  wall  is  figured  as  a  slab  loaded  on  its  bauk  and  supported  on  two  sides,  or  two  sides  and  bot- 
lom, or  two  sides  and  top  and  bottom.     In  each  case  the  column  must  be  investigated  to  see 
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thdt  the  bending  due  to  the  e&rtb  preaeurE  on  the  w&ll  doee  not  over-^rese  the  column,  udlh 
column  section  made  heavy  CDOugh  to  take  Buch  bendins  Btressca. 

286.  Structurml  Steel  Frmme  Walls. — Id  steel  frame  buildings  steel  I-beams  are  aomnin 
provided  to  take  the  thnut  of  the  earth  on  the  retaining  walls  and  reinforced  concrete  lUliiB 
used  epanniifg  from  beam  to  beam  and  enclosing  such  beams  (see  Fig.  478). 

386.  Steel  Sheet  Piling. — Where  one  or  more  sub-basements  are  to  be  built  sdiotDiD(i 
heavy  building,  and  the  earth  under  its  foundations  must  not  be  disturbed,  steel  sheet  pdm 


Fia.  478.— Btructunl  atecl  sod  ooncrete  ntuniDS  wsU.  Mindel  Bm.  Stora.  ClileacD,  HL 

is  useful.  The  piling  is  driven  at  the  wall  line  of  the  new  basements  before  the  deep  excsratia 
is  made.  As  this  excavation  proceeds,  the  frameworii  for  the  floor  construction  at  each  M 
is  set  in  place  and  the  utmost  caxe  is  used  to  prevent  the  sheet  piling  from  being  forced  iBwvi 
by  the  pressure  from  the  adjoining  building.  Temporary  shores  are  used  where  necessai;  ud 
the  permanent  concrete  floors  and  concrete  covering  for  the  sheet  piling  is  placed  without  ddi; 
(see  Fig.  479). 

387.  Retainii^  Walls  with  Sloping  Back  FiU.— Where  the  fill  slopes  up  from  the  bark  iJ 
the  wall,  the  direction  of  the  earth  pressure  is  usually  considered  ss  parallel  to  the  surface  vl  tk 
fiU  (see  Fig.  480). 


^•c.S-288] 
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SB8.  Retaininc  Walls  with  Surehargo. — When  the  earth  behind  a  wall  is  loaded  in  any  way 
—for  example,  when  the  embankment  is  used  as  a  storage  of  material — ^the  additonal  pressure 
nay  be  provided  for  by  replacing  the  load  by  an  equivalent  surcharge  of  earth.  The  height 
f  this  surcharge  may  be  determined  by  dividing  the  ^xtra  load  per  square  foot  by  the  weight 


j^*-<«U^g^*^2»-fc#y_ 


A^ak^^ammfmer^iJ^K]  .^ 


-4^-^ 


Fig.  479. — Stoel  sheet  piling  retaining  wall  between  Stevens  store  and  Columbus  Memorial  building.  State  St.t 

Chicago,  Ul. 


FiQ.  480. 


Fza.  481. 


Fia.  482. 


of  a  cubic  foot  of  earth.     This  height  is  shown  in  Figs.  481  and  482  as  h\.    Let  A  +  ^i 
l^n  the  resultant  pressure  on  a  vertical  plane  for  a  wall  with  height  H  will  be 

Pi  -  yipH^ 

44 


H. 
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and  the  resultant  pressure  for  a  wall  with  weight  hi  will  be 

Pi  =  Mp^i* 
The  pressure  on  the  vertical  wall  AB  is  the  difference  of  these,  or 

P  -  Pi  -  Pi  -  Hv(.H^  -  *i') 

-  HvKh  +  2hy) 

and  the  distance  of  the  point  of  application  of  this  force  from  the  base  of  wall 

^  A*  +  ^hhi 

P  acts  through  the  center  of  gravity  of  ABDE. 

289.  Retaining'  Wall  Supporting  Railroad  Track. — A  retaining  wall  adjoining  a  raHmi 
track  needs  special  strength  to  support  the  weight  of  locomotives  and  trains  standing ob df 
track  or  passing  by.     When  the  track  is  close  to  the  wall,  the  additional  earth  preflsure  maT  b 


I 


jncK 


M^^^-f'^ 


Retaining  Wbll  Jf  RR 
Loading  Pluffwrn 


Oistrtbufton  of  liorlzonta/ 


Fxa.  488. 


3hear  Dlagnonm 


taken  as  H  the  maximum  train  load  per  linear  foot  of  track  divided  by  the  distance  from  tk 
center  of  the  track  to  the  wall.  Thus,  for  Cooper's  E-50  loading  and  a  distance  of  5  ft  6  k 
from  center  of  track  to  wall,  t  «  300  lb.  approximately  (see  Fig.  483). 

The  pressure  at  the  bottom  of  the  wall  is  I  +  ^^2  and  the  total  pressure 


P  =  th,  +2^ 


The  center  of  this  pressure  is 


The  reactions  are 


Rt 


hi      At  +  pht 
3  ^  3/  +  pA, 

h 
-P  -Rt 


Moment  at  the  top  of  fill 
Moment  at  any  depth  h\ 


M  =  Rthi 


M  -  Rtiht  +  hi) 
The  maximum  moment  occurs  where 


thi^ 
2 


phi 
6 


ihi  H — —  —  Rt 

For  a  track  at  some  distance  from  the  wall,  the  effect  is  less  than  stated  above  and  tk 
additional  pressure  is  applied  on  the  lower  portion  of  the  wall  only.  When  the  nearest  nflii 
more  than  Q,Qh  from  the  wall,  the  effect  of  the  railroad  load  may  be  neglected. 
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CHIMNE7S 

By  W.  Stuart  Tait 

Chimneys  serve  two  purposes.  One  purpose  is  to  create  the  required  draft  for  proper 
ombustion  of  fuel;  the  other  purpose  is  to  provide  a  means  of  discharging  the  gases  carried  by 
he  chimney  at  a  sufficient  height  above  the  ground  that  they  may  not  be  harmful  to  people 
iving  in  the  vicinity  of  the  chimney. 

Very  high  chimneys  are  more  exi>ensive  than  lower  chimneys  producing  the  same  draft. 
I^mneys,  therefore,  over  150  ft.  in  height,  need  only  be  used  at  smelters,  chemical  works,  and 
yther  industrial  plants  where  noxious  gases  are  produced. 

290.  Shape  of  Chimneys. — Chimneys  of  any  magnitude  are  built  circular.  A  round  chim* 
ley  is  better  even  for  an  ordinary  house  than  a  square  or  rectangular  one.  For  the  sake  of  econ- 
>my  in  construction,  however,  flues  and  chimneys  of  small  dimensions  are  usually  built  square. 
[jarge  chimneys  are  usually  built  with  a  slight  taper.  The  taper  does  not  add  materially  to 
;he  chimney  cost  while  it  improves  its  appearance  vastly.  A-  taper  which  is  quite  generally 
ised  in  concrete  chimne3rs  is  1  in  72. 

SOI.  Small  Chimney  Construction. — ^The  Chicago  Building  Code  requires  that  small  chim- 
neys or  flues  be  constructed  as  follows: 

Flues  having  ares  leas  than  144  sq.  in 8  in.  brick,  or    4  in.  brick  with  flue  liner. 

Flues  having  area  between  144  and  300  sq.  in 13  in.  brick,  or    9  in.  brick  with  flue  liner. 

Flues  having  area  between  300  and  600  sq.  in 17  in.  brick,  or  13  in.  brick  with  flue  liner. 

A  much  better  chimney  is  obtained  by  using  a  brick  wall  surrounding  a  flue  liner  than  can 
be  obtained  with  a  brick  wall  alone. 

292.  Linings  for  Large  Chimneys. — Large  chimneys  must  always  be  built  with  an  interior 

nrall  of  firebrick  or  other  material  which  will  withstand  high  temperatures.     This  lining  must 

be  free  to  expand  independently  from  the  outer  shell  or  main  chimney  structure.     It  must  be 

Muried  to  such  a  height  that  the  heat  of  the  gases  where  the  lining  ends  will  not  be  great  enough 

to  damage  the  chimney.     In  concrete  chimneys  the  lining  is  usually  carried  to  a  point  one-third 

^  the  chimney  height  above  the  breech  opening.    The  Chicago  Code  requires  that  the  lining  in  a 

icrete  chimney  be  carried  to  height  equal  to  ten  times  the  inside  diameter  of  the  chimney 

»ve  the  breech  opening.   Where  high  temperature  gases  occur,  it  may  be  necessary  to  continue 

lining  to  the  top.     A  firebrick  lining  is  usually  made  8  in.  in  thickness  for  the  first  50  ft. 

its  height  and  4  in.  for  the  next  50  ft.     An  insulating  cavity  of  at  least  3  in.  in  width  should  be 

/fovided  between  the  fire  brick  lining  and  the  outer  shell. 

Designers  must  keep  in  mind  that  the  lining  will  expand  vertically  to  a  considerably  greater  extent  than  the 
ehimney  proper.  In  addition  all  chimneys  sway  to  some  extent  in  the  wind.  The  construction  at  the  top  of  the 
lining  must  consequently  be  such  that  the  lining  may  be  free  to  move  vertically  relative  to  the  outer  shell.  The 
lining  must  be  corbelled  out  at  the  top  of  the  insulating  cavity  closing  off  the  cavity  from  the  flue  opening. 

298.  Temperature  Reinforcement  in  Reinforced  Concrete  Chimneys. — In  reinforced 
concrete  chimneys,  special  additional  temperature  reinforcement  should  be  provided  at  any 
region  where  a  decided  change  in  section  occurs.  It  is  also  necessary  to  introduce  extra  heavy 
temperature  steel  in  the  top  of  the  stack  and  at  the  top  of  the  lining. 

894.  Size  of  Breech  Opening. — The  mechanical  engineer  will  usually  give  the  chimney 
designer  the  dimension  of  the  stack  and  the  size  and  locations  of  the  breech  opening  and  clean 
out  door.  The  breech  opening  is  usually  made  20  %  greater  in  area  than  the  minimum  internal 
cross  section  of  the  chimney.  For  structural  reasons  the  width  of  the  breech  opening  should  be 
held  down  to  as  small  as  dimension  as  possible.  A  width  equal  to  two-thirds  of  the  width  of  the 
chimney  at  the  top  is  the  maximum  whih  the  structural  engineer  should  endeavor  to  have  used. 
This  will  give  a  flue  whose  height  is  2}^  times  its  width. 

296.  Size  and  Height  of  Chimnejrs. — Assuming  an  average  consumption  of  5  lb.  of  coal 
per  horsepower  per  hour  and  taking  the  effective  diameter  of  the  chimney  as  4  in.  less  than  its 
internal  diameter,  we  have  the  following  formulas  for  the  size  and  height  of  a  chimney: 
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^  _  a3g 

Vh 
D  -  13.54v^  +  4 

where  J^  is  the  effective  chimney  area;  H  is  the  horsepower  to  be  provided  for;  h  is  the  iiagfct 
of  the  chimney  in  feet;  and  D  is  the  internal  diameter  of  the  chimney  in  inches. 

For  steam  heating  plants  in  small  buildings  the  following  sises  of  chimney  fluea  should  h* 
used: 

200  to  400  8X8 

450  to  900  8  X  12 

1000  to  1600  12  X  12 

1600  to  3000  16  X  16 

If  indirect  radiation  is  used,  50  %  should  be  added  to  the  amount  of  radiation  to  be  instalkd 
in  choosing  the  flue  size  from  the  above  table.    For  a  kitchen  range  an  8  X  8  flue  is  satisfactorr. 

296.  Design  of  Chimneys. — Large  chimneys  are  of  three  main  types:  (1)  Reinforced  ooft- 
crete,  (2)  steel,  and  (3)  brick.  The  chimney  shaft  is  so  porportioned  and  designed  that  the  streBsc 
developed  in  the  material  used,  when  the  chimney  is  subjected  to  a  horizontal  wind  pressure,  ar; 
within  the  unit  stresses  recognized  in  engineering  practice.  In  reinforced  concrete  and  stea 
chimneys  the  design  may  be  such  as  to  produce  tension  in  the  cross  section.  In  brick  chimnpn, 
on  the  other  hand,  no  tension  must  occur  under  the  combined  bending  due  to  wind  pressure  asd 
the  direct  load  of  the  chimney.  Since  practically  all  chimneys  of  these  types  are  ciimht, 
analyses  will  be  worked  out  only  for  this  form. 

In  the  case  of  a  circular  stack  the  kern  or  circle  outside  which  the  center  of  pressure  mar 
not  fall,  if  there  is  to  be  no  tension  on  the  section,  has  a  radius 

r  -  Hnll  +  (r,/ri)«l 
where  ri  is  the  outside  and  ft  the  inside  diameter  of  the  chimney. 

Steel  or  concrete  stacks  may  be  designed  by  applying  the  formula  combining  direct  load  ftui 
bending  to  sections  about  25  ft.  apart  down  the  shaft.     Thus 

/(max.)  =  ^  +  ;5 

/(mm.)  =  ^  -  ^ 

where  W  =  weight  of  chimney  above  the  section  considered,  A  =  area  of  section,  Jf  =  mo- 
ment of  the  wind  pressure  above  the  section,  and  S  ~  section  modulus.  Since  the  wind  pressoR 
may  cause  either  tension  or  compression  at  any  point  around  the  steel  or  concrete  stack,  de- 
signers must  use  values  of /«  such  that  the  sum  of  the  tensile  and  compressive  stresses  does  doI 
exceed  the  unit  stress  allowed. 

The  wind  pressure  on  flat  surfaces  is  generally  specified  in  American  building  codes  at  30  lb.  per  sq.  ft.  Fraa 
the  experiments  carried  out  by  the  National  Physical  Laboratory  of  England,  32  lb.  per  sq.  ft.  ia  the  pressure  pro- 
duced  by  a  gale  of  100  miles  per  hour  velocity.  In  the  design  of  circular  chimneys  it  is  cuatomary  to  take  a  prtmof 
intensity  on  the  projected  surface  of  H  that  applying  on  flat  surfaces.  The  city  of  Chicago  requires  a  wind  prasB* 
of  22  lb.  per  sq.  ft.  to  be  used  in  the  design  of  circular  chinneys.  Some  designers  use  a  unit  pressure  equal  to  oar- 
half  that  applying  on  a  flat  surface  and  there  are  many  authorities  who  endorse  this.  Designers  would  do  vrD  u 
carefully  consider  the  wind  conditions  of  the  locality  where  the  chinmey  is  to  be  erected  before  deriding  upoo  t^ 
wind  pressure  to  be  used.  A  circular  chimney  to  be  erected  in  a  region  subject  to  tornadoes  should  be  dndgard  for 
at  least  25  lb.  wind  pressure,  while  a  similar  stack  in  a  region  where  no  high  winds  occur  might  be  designed  fori 
wind  pressure  of  15  lb.     Both  of  the  pressures  refer  to  the  projected  area  of  the  stack. 

29^  Brick  Stacks. — Brick  stacks  are  usually  built  of  specially  molded  hoUov 
radial  bricks.  A  firebrick  independent  lining  is  installed  and  the  chimney  is  capped  w^ith  a  cast- 
iron  ring  fitting  on  top  of  the  brickwork  protecting  the  joints  from  the  action  of  the  weather. 
At  the  breech  opening  the  wall  must  usually  be  buttressed.    In  brick  stack  design  there  most  be 

no  tension.     Therefore 

W      M 

A^S  ^^' 
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\Vith  a  wind  presBure  of  20  lb.  od  the  projected  area  and  brickwork  weighing  120  lb.  per  cu.  ft., 
aasuming  the  bottom  cross  section  of  the  stack  to  be  1.0  the  mean  cross  section  of  the  brick- 
ork  we  have 

(Z)i*  -  D,*)  =  Z>.  X  /T  X  Z>i  X  1.60 .(2) 

here  Z>i  and  D\  are  the  exterior  and  interior  diameters  at  the  base,  H  is  the  height,  and  D. 
the  average  exterior  diameter  of  the  chimney.    By  trial,  Z>i  and  Di  may  be  found. 

The  chimney  may  be  then  approximately  laid  out,  using  a  wall  thickness  at  the  top  as 
follows: 

8  in.  for  chimney  up  to  8  ft.  inside  diameter  at  top. 

12  in.  for  chimney  from  8  to  18  ft. 

In  equation  (2)  the  weight  of  the  stack  is  taken  as 

120  X  £r  X  0.784(Di«  -  Dt«) 

10     B     — ■ 

1.9 

After  laying  out  the  stack,  check  the  weight  of  same  against  the  assumed  weight  and,  if 
tliey  do  not  agree,  make  adjustments.  Then  apply  formula  (1)  at  each  point  just  above  where 
^lie  wall  increases  in  thickness.  At  the  base  it  is  advisable  to  check  the  maximum  unit  com* 
preedon. 

In  case  the  weight  of  the  brickwork  is  not  120  lb.  per  cu.  ft.,  adjust  equation  (2)  by  multi- 
plying the  right-hand  side  by  120  and  dividing  by  the  weight  of  the  brickwork.  Also,  if  an- 
other wind  pressure  than  20  lb.  is  to  be  used,  multiply  the  right-hand  side  of  equation  (2)  by  the 
revised  wind  load  and  divide  by  20.  The  foundation  design  will  be  similar  to  that  given  for 
the  concrete  stack. 

Brickwork  in  hollow  brick  stacks  weighs  approximately  00  lb.  per  cu.  ft.,  so  equation  (1) 
becomes 

Z>i*  -  D,*  -  Z>.  X  /T  X  Z>i  X  2.16 
2M&.  Example  of  Design  of  Concrete  Stack. — Following  are  the  computations 
for  the  design  of  a  concrete  chimney  (see  design  on  p.  606). 

Heicht  -  175  ft.  0  in.  Inside  diameter  «  7  f t.  6  in. 

/•  «  16,000.    /«  -  400.  n  -  16.     Wind  praMure  20  lb.  per  sq.  ft.  on  projected  area. 

Breech  opening  ••  5  ft.  0  in.  0<  10  ft.  6  in.    Top  of  opening  *  26  ft.  0  in.  above  ground.    Flue  lining  extends 
75  ft.  above  the  flue,  t.e.,  100  ft.  above  the  ground. 

Inside  diameter  at  top  ••  7  ft.  6  in.     Thicknees  ■■  4  in. 
Oateide  diameter  at  top  -^  8  ft.  2  in. 

Inside  diameter  at  top  of  lining  •>•  7  f t.    6  in. 

Thiclcnees  of  lining  (4  X  2).  «  0  f t.    8  in. 

Insulating  cavity  (3X2)  -  0  ft.    6  in. 
Assume  thickness  of  outer  shell 

(7X2)  -  1  ft.   2  in. 


Outside  diameter  76  ft.  from  top  •-  9  ft.  10  in. 

Taper  on  one  side  is  10  in.  in  75  ft.,  or  1  in  90. 

Outside  diameter  at  base  -  8  ft.  2  in.  +  175/46  -  12  ft.  OH  in. 

Assume  an  increase  in  the  shell  thickness  of  1  in.  in  25  ft.     This  gives  a  bottom  thickness  of  1 1  in. 

It  will  not  be  necessary  to  analyse  a  section  25  ft.  from  the  top.  In  this  section  we  used  only  a  minimum 
amount  of  vertical  steel.  Round  bars,  H-in-  diameter,  spaced  18  in.  apart,  is  a  reasonable  minimum.  Use  17-* 
yi'in.  round  bars. 

Sedian  60  ft.  From  Top: 

M^HXDaXPX  y-  (60)(8.7)(20)(26)(12)  -  2,610,000  in.-lb. 

IP  -  fl  X  |-  X  (Di"  -  i)t>)  X  150  -  (60)(0.785)l(8.67)«  -  (7.83)«K160)  -  82,500  lb. 

A   -  ^D|S  -  I>s>)  -  14  sq.  ft.,  m  2016  sq.  in. 

8  -  0.098  (Dit  -  —^  -  21.4  ft.» 

,  ,  .        W   ,   M      82.500  ,  2.610.000  ^,    ,  -^       ,,,  ,.  ,      /  .     * 

/.(max.)  -  ^  +  -^  -  ^^jg-  +  (21.4)  (12)  (12)  (12)  -  "  +  70  -  111  lb.  per  sq.  in.  (compression). 

/•  (compression)  »  (15)(111)  «  1500  lb.,  approximately.     Allowable  /•  (tension)  -  16,000  -  1500  -  14,600  lb. 
/«  (min.)  -i  41  —  70  -  29  lb.  per  sq.  in.  (tension). 

.         (2016)(29)       ^^        ,  «,        ,^.  ju 

*  ""  — 14  500      ■  4«^  •Q-  in.  -  21  -  H-»n.  round  bars. 
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Detailed  calculations  will  not  be  given  for  the  sections  75  ft.,  100  ft.,  and  125  ft.  below  the  top.    Thenii 
are  as  follows: 

Section  75  ft. — oompression  max.  —  156,  tension  max.  -■  34 — steel  —  29  —  H~i>^>  round  bars. 
Section  100  ft. — compression  max.  ••  208,  tension  max.  ~  44 — steel  *  28  —  H-u>-  round  bars. 
Section  125  ft. — compression  max.  ••  281,  tension  max.  —  77 — steel  —  42  —  |^-in.  round  ban. 
Section  at  150  ft.  From  Top: 

M  -  (150)(9.S3)C20)<75)(12)  »  26.500.000  in.-lb. 
W  -  (150)(0.785)[(9.83)>  -  <8.67)>](150)  -  380,000  lb. 
A    «  21.5  sq.  ft.  j-JlOO  sq.  in. 
9.73* 


-   (ITi'- 


11.4 


(0.008)  -  68  ft.* 


/«  (max.)  -i  123  +  225  ->  348  lb.  (compression).    /•  (min.)  «  102  lb.  (tension) 
/« (compression)  -^  4500  lb.  (approx.).    ft  (tension)  —  11,500  lb. 

At  (tension)  -  — iTsoO —  "  ^'^  '**'  ^*  "■  *®  ""  H-ia.  round  bars. 

The  section  150  ft.  from  the  top  is  at  the  upper  side  of  the  breech  opening.     We  must  oottBider  a  sectios  at  tb 
lower  side  of  this  opening  in  order  to  provide  the  necessary  strength  at  this  opening. 

S9ci\4m  at  160  fl.  From  Top: 
M  -  (100)(9.9)(20)(80)(12)-  aOMM 
in.-lb. 

IF-  (160)(0.785)[(0.9)s-(8.65)SKl»)- 
433,000  lb. 

If  no  breech  opening  were  cut,  we  vorij 
have 

A   ->  23  sq.  ft.  —  3310  sq.  in.    5  -  A 

/•  (max.)  —  366  lb.  (compnMos).  U 
(min.)  —  104  lb.  (tension). 

At  (tension)  —  30  sq.  in. 

For  the  sake  of  economy  it  is  doinUi 
to  avoid  introducing  buttresses  st  Um  e^p 

of  the  breech  opening.     We  will,  therefore,  proceed  to  find  the  section  modulus  of  the  chimney  seetiao.  Kg.  I5L 
/  of  complete  section  without  breech  about  axis  A-A  •  0.0491  (di«  —  dt*)  -  438  ft.> 
i  of  portion  removed  for  breeching  about  A-A  —  (5)(0.9)(5.1)*  approx.  -  117  ft.* 

Then 

1  of  chimney  section  at  breech  opening  about  A-A  —  438  —  117  —  321  ft.* 

Now  find  the  center  of  gravity  of  the  section  by  trial.     It  will  be  found  to  be  about  1  ft.  0  in.  fn»n  A-A.   Ha 
J  of  section  about  BB  (axis  through  center  of  gravity)  -  321  +  (18.5)(1.0X*  -  339.5  ft.* 

339.5 


Fia.  484. 


Fia.  485. 


8  - 


A  (max.)  - 


433.000 

(18.5)  (144J 


_  J0^300.000_ 

"*"  (60.7)(12)"(r44) 


6.7 
-  162  +  346 


-  50.7 


608  lb.  (compression)    /«  (min.) -184  lb.  (forioB) 


/.  +  Pin  -!)/•-  /.(max.) 
400  +  (P14)(400)  -  508 

(P14)(400)  -  508  -  400 

108 

0.0193  or  1.93%. 


P  - 


5000 


At  (oompression)  -  (18.5)(144)(1.93)  -  52  sq.  in.  -  66 — 1-in.  round 
/•  (compression)  -  (400)(15)  -  6000  lb. 
ft  (tension)  -  10.000  lb. 
.    ,,       .      ,        (184)08.5) (144)        .- 
A,  (tension)  -  Jq  000 "       ^'  *"" 

The  amount  of  compression  steel  required,  namely,  52  sq.  in.,  is  greater  than  the  amount  of  tension  itad.  lad 
we  will  therefore  use  66-1-in.  round  bars.  Had  the  width  of  the  breech  opening  been  a  greater  proportion  of  tit 
width  of  the  staclc  we  might  have  found  that  the  concrete  stress  developed  was  too  high  to  permit  of  our  intrododic 
sufficient  compression  reinforcement  to  keep  the  actual  concrete  stress  within  the  stress  specified. 

In  Fig.  485  are  illustrated  methods  of  increasing  the  section  modulus  at  the  breech  opening.  The  firrt  ttiw 
to  be  done  would  be  to  increase  the  thickness  of  the  outer  shell  by  an  amount  of  from  1  to  3  in.  This  thiebsin 
should  be  carried  about  5  ft.  above  and  below  the  breech  opening.  If  increasing  the  outer  shell  taickncss  by  i 
maximum  of  about  30  %  is  not  sufficient,  the  buttresses  marked  C  should  next  be  added  and,  in  esse  even  ths  i 
inadequate,  the  buttresses  marked  D  should  be  added.  Where  buttresses  are  added,  the  designer  should  diitribiric 
the  reinforcing  steel  throughout  the  section  so  that  in  each  portion  the  same  percentage  of  steel  is  used. 

Section  at  175  fl.  From  Top: 

M  -  37.000,000  in.-lb. 

Compression  max.  -  402  lb.,  tension  max.  —  116  lb.     Steel  49-1-in.  round  bars. 

Temperature  Reinforcement. — The  design  of  the  temperature  reinforcement  is  at  present  left  more  or  ka  to 
experience.  The  use  of  either  rings  of  reinforcing  bare  or  mesh  is  usual.  In  this  design,  and  in  fact  for  soy  ortfiuV 
concrete  stack,  a  mesh  weighing  Ho  lb.  per  sq.  ft.  is  satisafactory.     In  addition  to  this,  H~in.  bars,  4  or6iii.0B<M' 
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t«a«,  •hoaU  ba  ucad  tor  *  dlatami*  S  ft.  Mow  tlw  top.  pUaad  horiioiitolly.  Wa  ahould  »1m>  hkiv  lOBW  dmllu  rodi 
ivlHr*  tlwn  k  anr  material  ohHlcB  ia  tba  isotioii.  In  thli  itack  the  taper  i>  itimlcfat  (Tom  tap  to  bottom,  but  Hme 
Kn  buOt  oyUndrienl.  wttb  u  offMt.  We  ihould  abo  Introduce  Uina  Bitia  hDilHOtal  ban  ol  the  lama  dM  as  tba 
-nitieal  ban  abon  aod  below  (ba  bnacb  opaolni,  aod  Id  additioa  K-tn.  ban,  4  «  S  In.  oo  centen,  for  a  dlatance  ot 
H  ft.  aboTe  and  below  tha  opanlnc.  If  thiae  rinta  an  loade  bi  two  part*,  the  audi  of  the  rode  abould  ba  lapped  a 
diatance  laaslant  to  deielop  their  itteuctti  In  teoaiaa,     Tba  Upa  ahould  be  itauared  around  the  chimney. 


CWaljnftr  y»^1Ctilmn«y 


PWI^  for  nollmr  DTKK  (Jimmv 


ilTaet  the  dcoicD  of  a  ataok.     It  la  wdl  (o  inveatliate  n  laetloo  ai 
TaUni  a  aeetion  ISO  ft.  from  tbe  top,  we  hare 
rind  load  -  Cl«»{9.a)(20]  -  31,700  lb. 
-  IS  lb.  par  aq.  In. 


l8,a)(H4)  " 

'   -  10  lb. 


„  U7aK10.1)(2Q) 

"  34flO 

Dttien  VDunduJun.—A  ohlmBey  toondatlan  ahould  ba  built  oetaconal  ordreulartn  plan.  A  aqnantootlni 
produocB  (ueh  a  hlch  toe  pnaaun  at  tbe  aomen  whan  the  wind  Ii  blowing  on  the  dlaional  of  the  footini  that  'hla 
ahape  ia  undi^nbla.  Tbe  bearini  preaaun  on  tba  aoU  ahould  be  lower  than  one  would  uae  on  the  aame  loil  (or  a 
■latliMiaiy  load  nt  tvaetieallr  oonatant  amount.  In  thia  eaaa  wa  will  uae  ■  mailmum  preaaun  of  4O0O  ib,  per  aq. 
Ft.     The  tootinc  dedcn  for  all  obiDioari  ii  praetically  the  aama.     In  the  oue  of  the  ateel  itaok  the  weight  of  tba 
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miut  be  cnalar  and  in  th>  cua  of  tha  briek  BtMk  tha  footiBs  miiy  ba  luhtar,  ttum  the  f ootl&a  f ir  Ua  gs. 
laak.  Tha  weisbt  of  the  earth  £11  aad  any  other  loada  uimiiia  on  the  lound»tion  ihould  ba  inehidad.  Tk 
I  of  the  fouodaticm  ahould  be  wall  below  fiuit  line. 


Total  weicht  at  top  of  footint  - 


Dttarbaf  dieting  and  Baaeaf  Stack 


Tba  kem  ol  a  drcular  footinB  hu  a  raitiua  equal  to  one-fourth  of  the  radiiu  of  the  footinc.  Alao,  the  tor  pnan 
ia  approiiniateb' tvioe  the  average  preeaiue.  Now,  im  nan  approiirnate  the  weight  of  the  earth  fiUificaBd  fantiit. 
Aaaume  BOO  lb.  per  aq.  ft.  Than  the  are*  ot  the  footini  will  be  appro nmately  fgoQ-ireoo  X  2  -  381  aq.  R.  - 
on  oeUgon  having  a  width  of  21  ft.  Sin.,  or  a  rdrcle  having  a  diameter  of  22  ft.  Oin.  We  may  takethe  radiuiJlb 
kem,  then,  aa  2  (t.  B  in.  To  avoid  the  netativa  proauie  at  any  point  in  the  base,  the  eccentricity  muat  not  tvni 
2  rt.  a  in.  Taking  our  uamned  footing  and  cover  on  ume  at  800  lb.  per  m.  It.,  we  have  a  total  lowl  •-  228.Cni  fc 
So  the  total  load  at  the  bottom  of  footing  -  STO,000  lb.  Now  we  found  that  M  due  to  wind  -  37,000,000  aA 
•o  the  eoeantiieit7  a  -  ■^70000"  "  "  '"■  "'""''  **  ■™''"  t*™"  **>•  marimnm  eooentriaty  found  penaiMt'L 
Wa  muit,  therefore,  [DDreHie  the  area  ot  the  footing,  or  Increaee  ita  weight,  or  both.  Awime  700  lb.  per  n.  tL 
tot  looting  4Bd  cover,  and  take  area  -  SOO  aa.  ft.     Then  weight  of  footing  -  300,000.  e  ~  37  in.,  and  S00i(.lb 
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lives  AH  ooUigonal  footing  of  24  It.  6  in.  X  24  ft.  6  in.  With  this  nie  no  negative  preaaure  oecun.  If  the  bottom 
eoime  is  nude  3  ft.  thick,  we  have  a  weight  of  460  lb.  per  aq.  ft.  so  we  must  have  2>^  ft.  of  earth  above  the  bottom 
Bourae  to  obtain  a  total  of  700  lb.  as  aasumed. 

Depth  for  punching  shear  at  120  lb.  per  sq.  in.  at  edge  of  shaft  — 

495.000  X  2 
iw)  (12)  (12)  (120)       ***•*  "• 

The  depth  assumed  gives  a  maximum  of  60  lb.  per  sq.  in. 

The  footing  will  be  reinforced  witn  4  bands  of  steel  similar  to  the  one  indicated.    The  moment  at  the  center 
of  the  section  of  stack  wall  bounded  by  abc  is  the  moment  of  the  soil  pressure  due  to  stack  load  on  the  figure  <UhU 

•.*..-».       J       ».T          .1.         V                                            '*«w  (648,000  +  350,000)        ,,,^  ,^    , 
uwut  the  line  dc.     Now  at  ab  we  have  a  maximum  pressure  of  2  X cqq —  4000  lb.  (approx.) 

snd  since  the  weight  of  the  footing  and  fill  amount  to  700  lb.,  the  unbalanced  upward  pressure  is  3300  lb.  per  sq.  ft. 
at  line  ab.  We  find  by  proportions  that  the  upward  pressure  at  de  is  2350  lb.  and  the  length  of  de  is  4.35  ft.  Also 
qf  -  5.25  ft.  and  <v  -  12.25  ft.  and  ab  -  10.2  ft. 

Jf  at  ad  -  (2350)(4.35)(7.0)(42)  -  3.000,000  in.-lb.     (Af  of  area  edhk  at  2850  lb.) 

+  (H)(950)(4.35)(7.0)(56)  -  810,000     (Af  of  area  edhk  at  950  lb.  at  ab). 

+  (2)(2350)(H)(7.0)(2.92)(56)  -  1,750.000     (if  of  area  aeh  and  dbk  at  2350  lb.) 

820  000 
+  (2)(950)(H)(2.92)(7.0)(63)  -  g  gg^^     {M  of  area  aeh  and  dbk  at  950  lb.  at  ab). 

For  /«  -  16.000;  /•  -  650;  and  n  -  15 

d  >-  31  in.     b  required  -^  62  in. 

The  depth  is  satisfactory,  A,  —  14.7  sq.  in.     Use  19  —  1-in.  round  bars  in  each  band. 

The  stack  is  not  large  enough  to  cause  any  upward  bending  at  C  (Fig.  486) 
and  so  we  will  have  no  reinforcing  in  the  top  of  the  slab.  We  previously 
Found  that  we  required  49  —  1-in.  round  bars  at  the  base  of  the  stack.  These 
must  be  carried  a  sufficient  distance  in  to  the  foundation  to  develop  their  strength. 
Since  we  have  a  depth  of  footing  of  only  3  ft.,  we  must  hook  these  bars  as  indi- 
cated. Total  upward  pressure  on  line  ed  >  130,000  lb.  For  40  lb.  shear,  width 
130,000 


required  ~ 


■i  105  in.    This  is  much  less  than  the  stack  diameter  so  we 


(31)(40) 
need  not  further  provide  for  diagonal  tension.    AB  vertical  steel  in  the  stack 
should  be  lapped  a  sufficient  distance  to  develop  its  strength  in   bond.    At  a 
bond  stress  of  80  lb.  per  sq.  in.,  a  lap  or  imbedment  of  50  diameters  is  re- 
quired.    The  lap  in  the  bars  must  not  all  be  made  at  any  one  section  in  the  p^^    ^g^ 
stack.     Good  practice  is  to  lap  half  of  the  bars  at  any  section  as  indicated. 

Borne  steel  should  be  placed  diagonally  across  the  corners  of  the  breech  opening  as  illustrated.     Two  rods  of  the 
same  sise  as  the  vertical  steel  is  sufficient. 

296c.  Steel  Stacks. — It  was  pointed  out  previously  that  the  sum  of  the  com- 
preeaive  and  tensile  stresses  in  the  steel  must  not  exceed  the  allowable  stress  of  16,000  lb.  per 
sq.  in.  In  stack  design  it  will  be  found  satisfactory  to  use  a  stress  of  10,000  lb.  per  sq.  in.  on 
the  net  section  (rivet  holes  deducted)  as  this  wiU  result  in  a  compression  of  only  about  6000 
lb.  on  the  gross  section. 

Assuming  a  joint  efficiency  of  60  %  the  design  would  resolve  itself  into  designing  the  stack 
with  100  %  efficiency  in  the  joints  and  using  /•  =  6000  lb.  on  both  the  tension  and  compression 
sides.     Similarly  with  an  efficiency  of  80  %/•  becomes  7100  lb. 

The  design  for  the  stack  must  be  such  that  it  will  maintain  its  form  against  the  tendency 
of  the  mnd  to  flatten  it.  It  must  also  be  prepared  so  that  the  stresses  resulting  from  combined 
bending  and  direct  load  are  within  the  above  limits. 

Unless  the  stack  is  lined  to  the  top  and  the  lining  carried  on  shelf  angles,  the  dead  weight 
of  the  stack  itSelf  may  be  omitted  from  the  strength  calculations. 

Steel  stacks  are  built  cylindrical  except  for  a  section  at  the  base  which  is  made  conical. 
It  IS  desirable  for  the  sake  of  economy  to  keep  the  breech  opening  above  the  conical  portion. 
The  sides  of  the  breech  opening  must  be  reinforced  with  plates  and  angles  to  make  up  for  the 
portion  cut  away,  just  as  in  the  case  of  the  concrete  stack.  The  stack  is  set  upon  a  cast-iron 
baae  in  most  cases  and  rigidly  bolted  down  to  the  foundation  by  means  of  a  series  of  bolts.  A 
stress  of  12,000  lb.  per  sq.  in.  may  be  used  on  the  net  section  of  these  bolts.  It  is  good  practice 
to  add  from  H  to  ^  in.  to  the  theoretical  diameter  to  allow  for  corrosion.  A  large  cast-iron 
washer  is  embedded  in  the  foundation  at  the  end  of  each  bolt.  The  washer  or  bearing  plate 
should  be  of  such  size  that  its  area  in  contact  with  the  concrete  does  not  produce  a  bearing 
stress  in  excess  of  400  lb.  per  sq.  in.     To  prevent  leakage  through  the  stack  joints,  the  rivet 
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spacing  should  not  exceed  ten  times  the  plate  thickness.  With  this  spacing  and  welldmci 
rivets,  it  is  not  usually  necessary  to  calk  the  joints.  Plating  less  than  hi  in-  in  thicknesB  sfaoiild 
not  be  used.  In  fact,  it  is  poor  economy  to  use  plate  as  thin  as  that  on  account  of  deteriontioi 
due  to  rust. 

Design  Formulas.— The  section  modulus  S  =  0.098(Di»  -  -—-).      Now    D,  =  Di  -  2, 

where  t  »  thickness  of  metal.     Consequently 


S  =0.098  Di»  - 


(Di*  -  SDiH  +  24Di«<«  -  S2Dit*  +  16<<) 

Di 


The  values  of  t\  t*,  and  t*  are  so  small  that  we  may  write  this  equation 

S  «  0.098  (Di»  -  Di*  +  8DiH)  -  0.7S^DiH 
Omitting  the  dead  load 

M  ^fS  ^  (6000)  (0.784)  (/),)«  (<) 

M 


t 


and  using  a  20-lb.  wind  pressure 


(4704)(Di)«(12)« 


5645  Z>i 
where  Di  is  the  diameter  in  feet,  H  the  height  in  feet,  and  i  the  thickness  in  inches. 

Table  of  Plate  Thickness  fob  Chimneys  Based  on  20-Pound  Wind  Prksbube 

ON  Projected  Area — Joint  Efficiency  60% 


Height 

Diameter 

6'0" 

6'0" 

7'0" 

8'0" 

9'0" 

10' 0" 

11'  0" 

12' 0" 

13' 0" 

14' 0" 

15' (T 

50 

0.09 

0.074 

60 

0.127 

0.106 

0.09 

70 

0.174 

0.144 

0.124 

0.108 

80 

0.227 

0.19 

0.162 

0.142 

0.126 

90 

0.287 

0.239 

0.205 

0.179 

0.160 

0.144 

100 

0.355 

0.295 

0.252 

0.220 

0.190 

0.176 

0.16 

110 

0.43 

0.357 

0.306 

0.258 

0.238 

0.214 

0.195 

120 

0.608 

0.424 

0.363 

0.318 

0.283 

0.255 

0.232 

130 

0.60 

0.498 

0.427 

0.376 

0.332 

0.299 

0.272 

0.25 

140 

0.693 

0.58 

0.496 

0.433 

0.386 

0.347 

0.315 

0.29 

0.267 

150 

0.795 

0.662 

0.568 

0.498 

0.443 

0.398 

0.362 

0.332 

0.307 

0.284 

160 

0.905 

0.752 

0.646 

0.565 

0.503 

0.453 

0.412 

0.378 

0.348 

0.324 

0.302 

170 

0.85 

0.73 

0.638 

0.666 

0.51 

0.463 

0.425 

0.393 

0.364 

0.34 

180 

0.82 

0.716 

0.635 

0.572 

0.52 

0.476 

0.44 

0.409 

0.383 

190 

0.796 

0.706 

0.638 

0.58 

0.53 

0.49 

0.455 

0.425 

200 

0.788 

0.71 

0.645 

0.592 

0.545 

0.506 

0.472 

For  a  joint  efficiency  of  80%  use  M  of  values  given  above. 


Bearing  on  shop  driven  rivets  may  be  taken  as  25,000  lb.  per  sq.  in. — afield,  20,000  lb.  per  sq.  in 
Shear  on  shop  driven  rivets  may  be  taken  as  12,000  lb.  per  sq.  in. — afield,  10,000  lb.  per  sq.  in. 

The  total  tension  or  compression  per  linear  foot  in  the  stack  «  (6000)  (()  (12).  Fiom 
this  we  can  determine  the  spacing  and  size  of  rivets  necessary. 

Let  Z>6  denote  the  diameter  of  the  center  line  of  the  holding  down  bolts,  n  the  number  d 
bolts,  and  d  their  diameter;  then  the  size  and  number  of  bolts  may  be  determined  from  tlip 
formula: 


-''-06167.(^-1) 


Assuming  a  convenient  number  of  bolts  n,  then  d,  the  bolt  diameter,  can  be  found.    Hie  de- 
signer must  then  add  for  the  depth  of  thread  and  also  add  %  in.  to  allow  for  conxwion. 
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Where/.  «>  12,000  lb.,  the  above  fonnula  becomes 

^       7380  V'^       A/ 

296(2.  Guyed  Steel  Stacks. — Guyed  steel  stacks  are  designed  to  act  as  beams 
spanning  between  the  base  and  the  collar  to  which  the  guy  wires  are  attached.  The  moment 
<iue  to  the  cantilever  action  of  the  stack  above  the  collar  should  be  taken  into  account.  Having 
found  the  maximum  bending  moments,  apply  the  formula  for  the  thickness  of  the  plates 

,« K 

(4704)(Di)«(144) 

The  guys  are  usually  attached  at  one-third  of  the  height  from  the  top.    The  collar  to  which 
the  guys  are  attached  should  be  stiff  enough  to  withstand  the  tendency  to  buckle. 

The  guy  wires  will  be  designed  to  take  the  entire  wind  reaction  at  the  collar.  The  maxi- 
mum pull  on  a  guy  will  occur  when  the  wind  blows  directly  along  it.  With  the  guys  attached 
one-third  H  from  the  top,  the  reaction  at  the  collar  becomes 

0.76DPH 
So  the  pull  on  any  guy  wire  becomes 

0.75DPH  sec  a 

where  a  is  the  angle  the  guy  makes  with  the  horizontal. 

The  foundation  must  be  made  large  enough  to  take  the  vertical  component  of  the  tension 
on  a  guy  in  addition  to  the  chimney  weight. 

296e.  Ladders. — Permanent  ladders  must  be  built  into  all  large  chimneys. 
They  are  placed  on  the  outside.  In  the  case  of  some  guyed  steel  stacks  the  ladder  is  omitted 
but  a  pulley  is  attached  to  the  top  and  a  steel  cable  left  in  place  so  that  a  painter  can  pull 
himself  up. 

Q9V.  Lightning  Conductors. — All  self-eupporting  stacks  should  have  a  first 
elass  lightning  oonductor  installed  upon  them. 


DOMES 
Bt  Richard  G.  Doebvling 

297.  Definitions. — In  a  statical  sense,  and  in  contradistinction  to  plane  structures  like 
girders,  trusses,  and  arehes,  where  all  external  and  internal  forces  are  assumed  to  act  within 
a  plane,  domes  may  be  defined  as  space  structures.  Similar  to  plane  structures,  such  struc-< 
tures  may  be  divided  into  solid  and  framed  domes. 

Solid  domes  are  curved  shells  of  stone  masonry,  plain  concrete,  reinforeed  concrete,  or 
riveted  steel  plate,  while  framed  domes  consist  of  compression  and  tension  members  either 
curved  to  the  form  of  a  shell  and  supporting  a  roof  cover,  or  straight  between  panel  points,  but 
all  panel  points  upon  a  curved  shell  surface.  Framed  domes  may  be  built  of  timber,  steel,  or 
reinforced  concrete. 

Generally  a  surface  of  revolution  is  chosen  as  the  dome  surface,  generated  by  a  straight 
line  or  a  curve  revolving  about  a  vertical  axis.  A  straight  line  will  thus  generate  a  conical 
surface,  an  are  of  a  circle  a  spherical  surface,  and  a  quadrant  of  an  ellipse  a  spheroidal  sur- 
face. Other  generating  curves  employed  are  the  cubical  parabola  for  economy  in  design  and 
reversed  curves,  like  the  ogee  and  similar  ones,  for  architectural  reasons.  All  horisontal 
sections  of  domes  of  revolution  are  either  cireles  or  regular  polygons;  but  domes  have  been  built 
sometimes  elliptical  in  plan  and  may  indeed  be  built  irregular  in  shape  and  simply  defined  as 
solid  shells  and  framed  polyhedrons. 

296.  Loads. 

298a.  Wind  Pressure. — The  wind  pressure  p  upon  a  plane  surface,  at  right  an- 
gles to  the  direction  of  the  wind,  is  taken  generally  as  from  20  to  30  lb.  per  sq.  ft.     For  any 
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inclination  between  the  surface  andidirection  of  the  wind,  p  may  be  dissolved  into  two  compo- 
nents, normal  and  parallel  to  the  surface  and,  with  friction  between  surface  and  wind  equal  to 
zero,  it  is  only  the  normal  component  which  acts  as  a  load  upon  the  surface.  The  relatioi 
between  p,  its  normal  component  ri,  and  the  angle  of  inclination  i,  has  been  given  differently 
by  different  experimenters,  the  simplest  one,  apparently  the  most  rational,  and  the  one  mostij 
employed  is  that  by  F.  v.  Loessl,  namely: 

n  =  p  sin  % 

It  has  also  been  observed  and  well  established  that  the  direction  of  wind  may  vary  fram  a 
horizontal  as  much  as  10  deg.,  and  while  such  increase  in  t  would  affect  the  pressure  upon  verti- 
cal and  steeply  inclined  surfaces  but  slightly,  it  will  gain  in  importance  as  the  inclined  suifiee 
approaches  the  horizontal.  Fig.  487  gives  the  normal  components  of  p  =20  lb.  for  9  divison 
of  a  quadrant,  and  the  following  tabulation  gives  th&^e  values  of  n  for  surfaces  of  different  slope: 


For  a  slope  =    J^       K 
n  »  16.4    13.8 


H 
11.9 


10.5 


H 

9.5 


8.8 


H 
8.1 


7.6 


7.3 


2966.  Snow  Load. — If  a  is  the  snow  load  in  pounds  per  square  foot  upon  a 
horizontal  surface,  then  the  snow  load  per  square  foot  upon  a  surface  inclined  at  an  angle  v  to 
the  horizontal  is: 

«'  =  «  cos  V 

For  8  =  20  lb.  and  v  «  40  deg.    30  deg.    20  deg.   10  deg.    0  deg. 


«'  =  15.3        17.3        18.8        19.7 


20.0 


Fio.  487. — Distribution  of  wind  praasure. 


For  V  greater  than  40  deg.,  snow  will  surIt 
slide  off  and  need  not  be  considered. 

298c.  Wind  and  Snow  Loada.— 
If  separate  calculations  for  wind  and  snow  are 
not  made,  it  is  customary  instead  to  consider  a 
vertical  live  load  of  from  20  to  30  lb.  per  sq.  ft 
of  roof  surface. 

298d.  Dead  Loads. — Framed 
domes  of  timber  or  steel  with  tar  and  gravd 
roofing  will  weigh  from  10  to  15  lb.  per  sq.  ft; 
framed  domes  of  steel  or  reinforced  concrete, 
with  2H  ii^*  concrete  cover,  from  40  to  50  lb. 
per  sq.  ft.  A  plastered  ceiling  will  add  aboot 
10  lb.  to  these  loads.  After  a  preliminary 
design  the  actual  dead  load  may  be  very  closely  determined  and  the  size  of  aU  members  cor- 
rected if  necessary. 

Solid  domes  of  reinforced  concrete  have  been  built  with  a  thickness  of  shell  from  Hso  to 
Hoc  of  the  span,  with  a  minimum  thickness  of  23^  in.  The  thickness  is  generally  made  unifonn 
throughout,  though  the  stresses  call  for  a  uniform  increase  in  thickness  from  the  crown  towards 
the  base. 

299.  Framed  Domes. — Though  admirable  domes  of  masonry  have  been  buOt  in  ancient 
times,  the  framed  dome,  with  all  its  structural  members  upon  a  mantle  surface,  is  an  invention 
of  modern  times.  The  crude  practice  of  constructing  a  dome  of  a  number  of  radially  placed 
trusses  has  not  entirely  vanished,  neither  the  mistaken  idea  of  designing  dome  ribs  like  arehea 
The  forces  acting  upon  a  dome  rib  are  non-coplanar,  though  for  the  sake  of  a  simple  analysis  it 
is  most  convenient  to  proceed  in  steps  from  a  coplanar  system  of  forces  to  the  forces  outside  the 
plane. 

The  structural  members  of  a  modern  dome  frame  are  the  meridian  ribs,  the  horizontal  ringis 
or  belts,  and  the  diagonal  ties.  Their  typical  arrangement  is  shown  in  Fig.  488.  In  order  to 
avoid  ambiguity  of  stress  the  ribs  are  not  brought  together  at  the  crown  but  abut  against  % 
horizontal  ring,  termed  the  latern  ring,  though  it  need  not  necessarily  carry  a  lantern  as  indi- 
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c&t«d  in  the  figure.  The  lowest  ring  is  termed  the  wall  ring.  It  is  not  really  a  necessary  mem- 
ber of  the  dome  frame  but  introduced  to  counteract  thehoriiontal  components  of  the  rib  stresses, 
leaving  ^1  wall  reactions  vertical,  each  equal  to  the  total  load  upon  the  rib  above  it. 

The  ribs  and  the  lantern  ring  are  under  maximum  compression,  and  the  wall  ring  under 
maximum  tension,  when  the  dome  carries  its  maximum  loads.  Any  intermediate  ring  is  under 
maximum  tension  (or  minimum  compreasion)  when  the  part  of  the  dome  inside  the  ring  carries 
1  load  while  the  ring  itself  carries  its  minimum  load.  It  is  under  maximum  com- 
L  (or  minimum  tension)  when  this  condition  of  loading  is  reveised.  This  is  readily 
understood  when  considering  that  in  the  former  case  the  ring  receives  its  maximum  outward 
push,  increasing  tension  or  reducing  compression,  while  in  the  latter  case  it  receives  its 
maximum  inward  push,  increasing  compression  or  reducing  tension  (see  Fige.  402  and  403). 

Any  diagonal  cross  tie  finally  must  carry  the  diagonal  component  of  the  difference  between 
the  stresses  of  the  ribs  to  the  right  and  left  of  it  Uenco,  the  possible  maximum  difference  be- 
tween two  adjacent  rib  stresses  determines  the  maximum  tension  of  the  compensating  diagonal. 
This  maximum  difference  in  rib  stresses  is  found  generally  in  the  dome  panels  parallel  to  the 
direction  of  the  wind,  assuredly  so  under  the  somewhat  severe 
assumption  that  the  windward  rib  carries  snow  and  wind  while 
the  leeward  rib  carries  neither. 

All  loads  are  assumed  to  be  concentrated  at  the  panel 
points  and  the  contributary  load  area  for  any  panel  point  is 
determined  by  the  dimensions  to  midway  between  adjacent ' 
panel  points,  as  indicated  by  the  hatched  areas  in  Fig.  4S8. 
The  weight  of  a  lantern  is  carried  by  the  panel  points  of  the 
lantern  ring  while  the  loads  upon  the  lower  halves  of  the  lowest 
ribs  are  carried  directly  to  the  points  of  support. 

The  stresses  determined  by  the  following  methods  are 
compresaive  and  tensile  stresses  for  members  straight  between 
paoel  points.  For  curved  members  a  bending  moment  equal 
to  the  axial  stress  F  times  the  rise  of  curve  must  be  considered, 

and  if  the  memben  act  also  as  supporting  beams  for  purUns    Fia.  488.— Piui  KDd  dcvution  of 
or  rafters,  as  they  mostly  do,  the  bendii^  moment  due  to  such  ""       ""*  "mo. 

beam  action  furnishes  another  component  of  stress.  For  rings  in  tcDsion  the  sum  of  these  two 
bendii^  moments  make  up  the  resulting  moment  Jtf,  for  rings  in  compresaion  their  difference, 
giviog  for  the  final  design  of  a  curved  member  a  unit  fiber  stress  of 

This  formula  applies  also  to  stra^ht  members  with  M  due  to  beam  action  only.  For  a  rela- 
tively long  member,  the  bending  moment  due  to  its  own  weight  may  be  important  enough  for 
consideration. 

Though  stress  theory  is  based  on  freely  turning  joints,  it  is  well  to  aim  at  rigidity  of  joints 
and  provide  a  Uberal  amount  of  continuity  across  the  panel  points  in  both  directions.  Such 
departure  from  theoretic  assumption  is,  in  this  case,  on  the  aide  of  safety. 

399a.  Stress  DUgrama. — Let  Fig.  489  represent  a  dome  rib  with  panel  loads 
Pi,  Pi,  Pt,  Pi,  and  wall  reaction  Pi-t.  Assume  auxiliary  horizontal  forces  Hi  to  Hi  acting  at 
the  panel  points  1  to  5  in  the  meridian  plane  of  the  dome  rib,so  that  all  forces  immediately  con- 
sidered are  coplanar.  The  lower  part  of  the  stress  diagram  can  now  be  drawn  in  the  usual  way. 
Beginning  with  the  3  forces  at  panel  point  1,  draw  the  force  triangle  PiRiHi.  Proceeding  to 
panel  point  2,  draw  RtHi  and  so  on,  until  the  rib  stresses  Ri  to  Ri  and  the  auxiliary  forces  Hi 
to  Hi  have  been  determined,  Hi  being  the  sum  of  Hi  to  H,,  or  the  closing  line  of  the  force  tri- 
angle for  panel  point  5.  All  that  remains  now  is  to  resolve  each  one  of  the  auxiliary  forces  H 
into  its  two  component  rings  or  belt  stresses  B  which  is  done  in  the  upper  port  of  the  diagram, 
the  plan  of  the  dome  furnishing  the  direction  of  the  it-lines. 

Since  the  angle  batween  the  B-lines  is  often  quite  acute,  the  5-«tresBes  may  as  well  be  dr- 
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termined  by  rimple  computation.    Thus  let  h  be  the  length  of  any  B-member  and  A  its  hotiaontd 
distance  from  the  center  of  the  dome,  then,  by  similar  triangles, 


_B 
H 


JorB. 
B, 


etc. 


0) 


Fig.  489. — Plan  aind  elevation  of  dome  rib. 


y^  ^ 


Fig.  400. — Maximum  rib  etreoeee  and 
for  lantern  and  wall  ting. 


E 


m/nJ?,y 


A  diagram  like  Fig.  489  drawn  for  maximum  dead  and  live  loads  will  furnish  the  maximum 
stresses  for  the  dome  ribs,  the  lantern  ring,  and  the  wall  ring.  Fig.  490  is  another  streas  diagnn 
for  these  3  principal  stresses,  and  though  different  in  form  from  Fig.  489,  it  needs  no  fuither 
explanation. 

The  sense  or  stress  in  dome  ribs  and  lantern  ring  is  always  compressive,  that  of  the  wbD 

ring  is  always  tensile.  The  stresses  of 
the  intermediate  rings,  however,  may  be 
either  compression  or  tension  accordisg 
to  the  distribution  of  load,  shape  d 
dome,  or  position  of  ring.  Fig.  491 
shows  diagrams  for  determining  max- 
imum compression  and  maximum  ten- 
sion in  these  rings  and  are  self-explaiifr- 
tory.  A  maximiun  difference  between 
any  belt  load  and  the  loads  inside  the 
belt  is  sometimes  caused  by  snow,  but  it 
is  well  to  consider  that  during  construc- 
tion, a  roof  covering  (slate,  for  instance) 
may  be  put  on  either  from  wall  ring  up 
towards  the  crown  or  inversely,  and  in 
the  same  way  the  mode  of  construction 
of  a  plastered  ceiling  may  furnish  tlie 
critical  case  for  maximum  stresses  in 
intermediate  rings.  Fig.  491  might  be 
combined  into  one  diagram,  but  tbe 
multiplicity  of  lines  would  be  aomewbit 

Max.  compreesion  in  intermed-    Max.  tension  in  intermediate     confusing. 

lateringB.  rin«i.  The  maximum  difference  in  panel 

loads  between  adjacent  panel  points,  u 
is  readily  seen,  will  be  given  by  a  loading  reaching  to  midway  between  such  points.  One  panel 
point  is  carrying  then  H  X  H  ^  H  of  a,  full  panel  load  and  the  other  M  +  H  X  Ji  -  Hf 
giving  a  difference  of  ^  panel  load.  It  is  generally  assumed,  however,  that  one  panel  point 
may  carry  a  full  live  load  while  the  adjacent  one  carries  none.    On  this  assumptioni  stna 


maxJ^ 


m/n^^ 


max.^' 
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diac^rama  like  Flgti.  492  and  493  may  be  drawn  giving  maximum  H  for  live  load  ring  tension 
and  tins  compreasion.  These  must  be  combined  with  H  for  total  loads,  Fig.  489,  in  order  to 
obtain  the  total  maximum  which  was  obtained  directly  by  Fig.  491.  The  stress  T  in  a  diagonal 
tie  ia  a  maximum  where  the  difference  between  two  adjacent  rib  stresses  is  a  maximum.  This 
critical  ease  of  maximum  difference  may  occur  during  construction  while  a  roof  cover  or 
plastered  ceiling  is  carried  graduaUy  aroimd  the  frame;  it  may  be  furnished  by  a  one-sided 
snow  load,  by  wind,  or  by  snow  and  wind.  The  maximum  load  difference  for  two  adjacent 
riba  due  to  one-sided  roof  cover,  plastered  ceiling,  or  snow,  is  a  j^  panel  load  as  before. 


Max.  ouiwud 
push  on  n. 


Max.    H  for 

live   loftd   ring 
tention. 

Fig.  492. 


Max.  inward 
posh  on  n. 


Max.  H  for 

live-load  ^  ring 
oompreuion 

Fia.  403. 


The  maximum  wind  pressures  (as  given  in  Fig.  487)  decrease  horizontally  around  the  dome 
to  aero  where  the  panels  are  parallel  to  the  direction  of  the  wind.     Referring  to  Fig.  488 

n'  »  n  sin  c 
or  referring  to  Formula  (1),  the  normal  wind  pressure  for  any  point  of  a  spherical  surface  is 

n'  s  p  sin  i  sin  c  (4) 

Deaignating  a  full  panel  wind  load  by  nA,  the  maximum  wind  load  difference  between  two  ad- 
jacent panel  points  is 

for  regular  polygons  of  8       .  10  24  32  sides 

nearly  H  H  H  H  nA 


Fid.  404.— Max.  tie 
streaa  conBtrueiion  upon 
donae  panela  developed. 


Pio.  405.--Wind 
Bireee  diagram. 


Fio.  406. — Relative  streM  economy  due  to  difference 

in  form  only. 


Considering  that  wind  and  snow  will  hardly  be  a  maximum,  at  the  same  time,  it  seems  reason- 
able to  assume  the  maximum  difference  between  adjacent  rib  stresses  to  be  due  to  ^i  live  load, 
or  yi  wind  and  snow  load  combined,  and  determine  the  maximum  tie  stresses  accordingly. 
This  may  be  done  by  projection  upon  the  dome  panels  developed,  as  shown  in  Fig.  494,  or  by 
simple  computation  thus:  If  t  be  the  length  of  a  diagonal  tie  T,  r  the  length  of  the  adjacent 
ribs  R,  and  R'  the  stress  difference  between  them,  then  by  similar  triangles 

max. 


max. 


T  t  m  n  /  'l 

-n>  —  -  or  max.  Ti  —  max.  Ri  — 

R       r  fi 


max.  Tt  —  max.  Rt 
etc. 


it 


(« 
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Fig.  495  gives  a  stress  diagram  for  wind  loads  normal  to  the  dome  surface,  while  Fig.  496  may 
illustrate  possible  economy  in  design  due  to*  form  only,  span  and  rise  being  the  same  for  the 

three  dome  sections  shown.    The  panel  points  of  1  are  upon  a  cubical  parabola  ( 3  =  ^) '  ^ 

panel  points  of  II  upon  a  circle,  and  those  of  III  upon  a  straight  line.  The  three  stress  diagnuna, 
r,  II',  and  III',  are  drawn  to  the  same  scale  and  for  the  same  dead  loads.  Comparing  sIrb 
diagram  I'  with  II',  shows  larger  stresses  for  lantern  ring  and  upper  rib  members,  smaller  stresKs 
for  lower  rib  members  and  wall  ring,  and  zero  stress  for  intermediate  rings.  The  intermediate 
rings  will  be  stressed,  however,  by  variable  loads,  and  the  economical  advantage  of  I  over  II  k 
more  theoretical  than  real.  The  lack  in  economy  of  III  becomes  evident  by  comparison  with 
I  or  II.  For  a  practical  example,  the  location  of  the  panel  points  for  I,  Fig.  496,  may  be  com- 
puted as  follows: 

d    .  30 


Let  «  =  90  ft.  and  d  =  30  ft.,  then  y  =  -jx*  =  -29  ooo 
points  15  ft.  apart  horizontally 


X*  =  0.00004 12x^  hence,  with  panel 


Vi 
Vt 

y* 
y* 


0.0000412  X  3,375  =  0.14  ft. 
0.0000412  X  27,000  =  1.11  ft. 
0.0000412  X  91,125=  3.75  ft. 
0.0000412  X  216,000  =  8.90  ft. 
0.0000412  X  421,875  =  17.35  ft. 


Figs.  489  to  496  will  serve  to  show  that  graphical  methods  are  quite  general  in  application, 
giving  quick  results  for  any  form  of  dome,  convex  or  conical,  bell  shaped  or  onion  shaped.    By 

inverse  operation,  the  shape  of  a  dome  may  be  altered 
to  conform  to  a  desired  relation  or  result  of  stresses. 

2996.  Stress  Formulas. — Stress  formulu 
for  domes  are  stated  generally  in  terms  of  trigonome- 
tric functions,  but  since  the  slope  angles,  or  their  func- 
tions, must  first  be  determined  by  operating  with 
dimensions,  or  by  scaling  upon  the  dome  drawing,  it 
seems  more  direct  and  more  convenient  for  the 
memory  to  give  these  formulas  in  terms  of  dimensioB 
?..  A'     ^^  ^^^  ratios.     Slope  angle  functions,  however,  may 
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be  readily  substituted  if  desired. 

Stress  formulas  for  the  intermediate  rings  will, 
for  choice  in  application  and  a  clearer  comprehension, 
be  given  in  two  forms:  (1)  for  direct  maximum  and 
minimum  values,  analogous  to  Fig.  491 ;  and  (2)  for 

total  loading  and  for  maximum  difference  between  adjacent  panel  loads,  analogous  to  Figs. 

489,  492,  and  493. 

Now  let  P  =  a  maximum  panel  load. 
D   —  &  nominal  dead  load. 

L    »  a  nominal  live  load,  such,  that  at  any  one  time  P  —  D  ^  L  gives  the 
maximum  possible  difference  between  adjacent  panel  points. 

Pi_j  be  an  abbreviation  for  Pi  +  Pj. 

Pi_a  be  an  abbreviation  for  Pi  +  Pj  +  P%,  etc. 

ri  to  u  be  the  length  of  rib  members  Ri  to  R^. 

bi  to  64  be  the  length  of  belt  members  Bi  to  B4. 

Ii  to  U  be  the  length  of  tie  members  T^i  to  Ta. 

Pi  and  hi  be  the  vertical  and  horizontal  projection  of  ri,  etc. 

ho  be  the  horizontal  distance  from  center  of  dome  to  Bi. 

Then  by  similar  triangles  throughout,  and  referring  to  Fig.  497,  all  formulas  may  be  written  as 
follows: 
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Hi 

I;' 

max.  JS,= 
min.  S]  = 

'p,|-(p,+'d.), 

D,|!-(D,+P,)- 

max.B,= 

P,-4',-  (P—  +  0 

min.  fl,= 

max.  B,  = 

min.  Bt  = 

B.~ 

D,3-(D,-,+f 

r     r 

P,-,g-  (P.-.  +  B 
P._,|;'^...n,ion 

Tie  StntMti 

T,  -i 

=  oompreBston  in  IsnUtm  ring    (7) 


Positive  values  of  FomuUa  (S)  mean  tension,  while  negative  values  mean  compreaaion,  hence 
maximum  and  minimum  applies  in  an  algebraic  sense.  In  other  words:  a  maximum  is  either 
s  high  plus  value  (high  tension)  or  a  low  minus  value  t,low  compression),  while  a  minimum  is 
either  a  high  minus  value  (high  compression)  or  a  low  plus  value  (low  tension).  Note  that  a 
load  at  any  panel  point  does  not  influence  the  stress  in  any  member  above  it,  and  that  the  formu- 
IsiS  for  maximum  B  are  the  same  as  for  minimum  B  except  that  P  and  D  have  exchanged  posi- 
tion. Compare  this  with  Fig.  491,  where  maximum  P  and  minimum  P  were  used  instead  of 
P  andO. 

Note  further  that  L  --Formula  (10),  means  rib  stress  due  to  a  nominal  live  load  equal  to  the 
possible  difference  between  adjacent  panel  loads.    Compare  with  Formula  (5), 

Formula  (8)  may  be  replaced  by  the  following  simpler  forms: 

fc.\ft«  1 


-  Pi-'. 


ftAfte 


hAh, 


(llo) 


giving  the  stresses  due  to  P.     Plus  v^ues  mean  tension  and  minus  values  mean  compression. 


Theee  stresses  must  be  combined  with  the  stresses  d 
adjacent  panel  loads,  namely,  a  tension  for 

B,-L,'^-^    B,=L,.. 

pi      Ol 

and  a  compression  for 

Pi      6i  p 


difference  L  between 
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Note  that  in  (8)  as  well  as  in  (11),  ^  is  the  constant  multiplier  which  resolves  all  H-lorccsinto 

^-stresses  as  in  Formula  (3). 

It  will  readily  be  seen  that  all  stress  formulas  may  be  looked  upon  simply  as  anslytiad 

expressions  of  stress-diagram  lines;  suniltf 
triangles  are  the  simple  bases  of  deiivatioi 
for  both,  or  the  geometric  links  between 
form  of  structure,  stress  diagram,  or 
formulas. 


tffc.  Numerical  I 
be  required  to  densn  a  dome  of 
30-fi.  rise  with  panel  points  upon  a 

The  radius  of  the  generatina  carde-i 

-  160  ft.    Chooains  rinica  15  ft.  c.  to  o 


pie.— U  %, 
\9H\.  ipaa  Bd 


90»-f  » 
60 


•       Fia.  498. — Part  plan  and  elevation  of  dome. 

loading  of  60  lb.  per  sq.  ft.  of  dome  surface,  the  sti 
(7),  (11a),  and  (9)  as  follows: 


and  a  corresponding  arrey  of  32  ribe,  the  laagUi  of  il 
members  o.  to  o.  panel  points*  and  other  dimwiMi 
required,  may  be  computed  or  scaled  with 
accuracy  from  a  skeleton  drawins>  Thea 
are  given  in  Fig.  498.  Assuming  15  lb.  for  fnae- 
work  with  tar  and  gravel  roofinc,  10  lb.  for  pisslavd 
ceiling,  and  25  lb.  for  snow  and  wind,  or  a  total 
for  total  loading  will  be  determined  by  Fonnulsi  {%\ 


For  panel  point                              1 

2                                3 

4 

5 

The  panel  area      -                     60 

90                              139 

194 

256sq.ft 

The  panel  load  P  -                2600 

4600                           6.960 

9,700 

12,800  lb. 

Summing,  P          »                2600 

7000                         13.960 
(All  stresses  are  slide  rule  values) 

23,660 

36,460  lb. 

Rib  Str—M: 

Jli  -  -  (2600)(16.17/2.29)      - 

—  16.670  (compression) 

III  -  -  (7000)(16.60/3.87>     - 

-  26,120  (compression) 

Jt«  -  -  (13,960)(16.02/5.62)  « 

-  39,700  (compression) 

iJ«  -  -  (23,660)(16.90/7.67)  - 

-  40,000  (compression) 

iJi  -  -  (36,460X17.97/9.90)  - 

-  66,200  (compression) 

BtU  <8lr«Me«: 

Bi  -  -  (2600)(16/2.29)(16/2.94)  -  -  83,600  -  compression  in  lantern  ring. 
Bt  -  ((2500)(16/2.29)  -  (7000)(16/3.87)K16/2.94)  -  -  64,800  (compression) 
Bm  -  l(7000)(16/3.87)  -  (13.960)(16/6.62))(16/2.94)  -  -  61,600  (compression) 
B«  -  ((13,960)(16/6.62)  -  (23,660)(16/7.67)](16/2.94)  -  -  49,400  (compression) 
B%  -  ((23,660)(16/7.67)  -  ^36,450)(16/9.90)](16/2.94)  -  -  42,100  (compression) 
B%  -  (36.460)(16/9.90)(16/2.94)  -  281,400  -  tension  in  wall  ring: 

Increase  or  decrease  in  belt  stresses  due  to  a  nominal  live  load  L  (or  an  assumed  maximum  difference  between  pssj 
loads  at  the  ring  and  those  within  the  ring)  of  10  lb.  per  sq.  ft.  due  to  ceiling  construction  or  other  cai 


For  panel  points 
Nominal  live  load  L 
Summing  L 


1 
600 
600 


2 

900 
1400 


3 
1390 
2790 


By  Formula  (116) 


By  Formula  (lie) 


B> 
Ba 
Ba 
B% 

Bt 
Ba 

B4 

B% 


(600)(16/2.29)(16/2.94) 
(1400)(l6/3.87)(16/2.94) 
(2790)(16/6.62)(16/2.94) 
(4730)(16/7.67)(16/2.94) 

(900)(16/3.87)(16/2.94) 
(1390)(16/6.62)(16/2.94) 
(1940)(16/7.67)(16/2.94) 
(2560)(16/9.90)(16/2.94) 


4  6 

1940         2560  lb. 
4730  lb. 

16,760  (tension) 
27,700  (tension) 
28.200  (tension) 
47,900  (tension) 

—  -  17,800  (compression) 
"■  —  18,900  (eompreesion) 

—  —  19,600  (compression) 

—  —  19,800  (oompressioa) 


Tie  9tr€94e9  due  to  a  nominal  live  load  L  (or  an  assumed  maximum  differenoe  between  to  adjaoent  panel  ksdi) 
of  ^  of  a  20-lb.  snow  load  ■■  16  lb.  per  sq.  ft. 

For  panel  points  12  3  4  6 

Nominal  Uve  load  L  -  750         1360        2085        2910        3840 
Summing  ^P  -  750        220p        ^285        7196         11,035 
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l>V  FormuU  (10)          Tx  -  (7fiO)(15.83/2.20)  «    6,180  lb. 

r«  -  (2200X17.17/3.87)  -    0.770  lb. 

Tt  -  (4285)(10.05/6.62)  -  14,640  lb. 

7«  -  (7196)(21.60/7.67)  «  20.400  lb. 

T%  -  (ll,036)(24.21/9.00)  -  27.000  lb. 

L«l«iinc  the  two  eompreanont  for  intermediate  rings  gives  the  maximum  axial  eompreaeion  for 

Bn  Bm                                            Ba                                            Bt 

72,000  70,500                                    60.000                                     61,000  1b. 


ring  membere  will  also  aerve  aa  supporting  beams  for  wooden  rafters,  radiating  with  the  rib  members  and 
Marrying  wooden  sheathing  and  roof  cover.  Hence,  in  addition  to  the  maximum  axial  compression,  they  will  be 
subjected  to  a  flexural  stress  due  to  beam  loads  Pt,  Pa,  P«,  and  P»,  and  should  be  designed,  in  agi cement  with 
Pocnnula  (2),  giving  a  fiber  stress 

B    .   P6     e  .R. 

AH  dome  members  will  be  of  steel  and  straight  between  panel  points  exoept  the  lantern  /ir    *.            ''    \*< 

raixjK  which  will  be  curved.     The  wooden  rafters  may  be  cut  to  the  curvature  of  the  /  /              .-1^      \\ 

cfoane  without  great  expense.  •  I           .'^           I  : 

ITAe  dMHn»o/M«  lantern  rtnir  requires  particular  care.     In  addition  to  its  maximum  \\    /         '\^     // 

it^acxAl  compression,  it  is  subjected  to  bending  by  any  inequality  in  thrust  of  the  abutting  "^^^ l^A/^ 

rib  members.     It  must  hence  be  made  stiff  as  a  whole,  both  vertically  and  horisontally,  ^^7rnTTV29 

i<l  apUoed  to  its  maximum  obtainable  value  so  as  to  make  it  a  continuous  circular  ^ 

"■  *'«™-  Fia.  499.— Bending  ac- 

Tlie  bending  action  due  to  the  horisontal  components  of  thrust  inequalities  may  be        tion  on  lantern  ring. 

eonaputed  upon  the  severe  assumption  that  the  nominal  live  loads  L  act  upon  two  op- 
posite quadrants  of  the  dome,  while  the  other  two  quadrants  carry  no  live  load.     Then,  referring  to  Fig.  409,  if  r  is 
tise  iwdius  of-the  ring  and  p  a  uniform  load  per  foot,  the  bending  moment  of  the  ring  is 

if  -  I  rr»  (12) 

l^or  the  present  example,  the  horisontal  thrust  of  Jti  for  a  nominal  live  load  of  16  lb.  per  sq.  ft.  is  (760) (16/2.29)  — 

40301b. 

4930 

w-gT  "■  1080  lb.  per  ft.  of  lantern  ring. 

M  -  (1/6)(1680)(16)«  -  76,600  ft.-lb.  -  463  in.-tona 
Tlie  axial  compression  in  the  lantern  ring  is  42  tons.     For  a  Bethlehem  12-in.  78-lb.  H  section,  A  -i  22.9  and 

—  •«  102.6.    Formula  (2)  gives  a  maximum  fiber  stress  of 

.        42     .     468         ^  „,  , 
^  "  M'^  "^    102  6  *  "*•  ***'  "**•  *°" 

800.  Framing  Material  and  Cover. — Although  the  framing  material  and  cover  are  governed 
largely  as  for  building  construction  in  general,  by  economy,  temporariness,  permanency,  archi- 
tectural requirements,  building  laws,  etc.,  it  may  here  be  emphasized  that  timber  is  a  suitable 
material  even  for  very  large  domes.     With  all  purlins  or  rafters  cut  to  the  curvature  of  the  dome 
and  well  connected  to  either  a  timber  or  a  steel  frame,  good  timber  sheathing  K  or  1  in.  thick, 
and  thoroughly  nailed  down  in  two  diagonal  layers,  will  supply  a  considerable  amount  of 
bracing,  and  for  smaller  domes  perhaps  the  only  bracing  necessary.     For  steel  dome  frames,  up 
to  50  ft.  diameter  and  more,  sufficient  bracing  may  also  be  obtained  by  the  use  of  gusset  corner 
plates  parallel  to  the  dome  surface  at  all  panel  point  connections.     A  reinforced  concrete  shell 
upon  a  steel  dome  frame  will  naturally  take  the  place  of  the  diagonal  panel  bracing,  but  the  spac- 
ing of  either  ribs  or  rings  for  such  structures  should  be  to  accommodate  a  thin  shell  reinforced 
in  two  directions.     For  close  rib  spacing,  alternate  ribs  may  terminate  halfway  up.     A  steel 
frame  entirely  fireproof ed  with  concrete  seems  an  uneconomical  structure  if  reinforced  concrete 
ribs  and  rings  of  not  much  larger  bulk  will  do  the  work.    However,  most  reinforced  concrete 
domes  so  far  constructed  are  solid  shells  without  ribs  or  rings  except  a  lantern  ring  if  not  entirely 
oo ntinuous  at  the  crown. 

801.  Solid  Domes. — The  analysis  of  solid  domes  is  not  essentially  different  from  that  of 
framed  domes.  If  the  ribs  and  rings  of  the  latter  are  imagined  to  be  spaced  closer  and  closer, 
the  stress  conditions  of  a  solid  dome  are  practically  realized. 

801a.  Graphical  Method. — Fig.  500  (a)  represents  a  stress  diagram  for  a  solid 
hemispherical  dome  analogous  to  Fig.  490  for  a  framed  dome.    The  triangles  01  '1",  02'2",  OS'S'', 
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etc.  are  force  triaoglea  of  P,  R,  and  H  for  points  1,  2,  3,  etc.,  hence  the  curve  01'2'3'  etc.,  cd- 
cloaiog  these  force  trianglcB,  gives  R  and  H  for  any  point  along  the  meridian  section  of  the  dane. 
The  area  of  a  spherical  segment  is  2nTy,  hence  all  belt  areas  are  proportional  to  thai  |i 
This,  for  a  spherical  dome  of  umformly  distributed  loading  p  per  sq.  ft.  of  surface,  pemitsd i 
rapid  plotting  of  diagrams  like  Fig.  500  (a),  as  indicated.    The  total  weight  of  a  h 

I— 2Tr^)laidoffto&« 
scale  from  the  center  of  tb 
dome  along  its  vertical  axii.  aid  ; 
'any  equal  or  unequal  divsn  > 
into  belts  projected  upon  it  m  ! 
shown,  furnishes  at  once  tbt 
complete  load  tine  witbaui 
further  computation.  H  is  tb 
horiiODtal  shear  acroflfitiieflKli 
as  indicated  by  pairs  of  amnt 
It  reaches  a  maximum  when 
Uie  stceas  curve  01'  2'3'etcR~ 
turns,  namely,  at  an  angle  be- 
tween generating  tadhis  ud 
vertical  of  Gl  deg.  50min.ad 
shown.  Above  this  point  (k 
With  Uintem  belt  stresses  B  are  compRanrE. 
f^''  below  it  they  are  tensile, 

rio.  soo.— strtM  di«»r«m.  for  aoiid  don».  The  difference  iff  betnci 

^^  two  ff-lines  encloNug  a  belt  ■ 

the  radial  horizontal  thrust  around  this  belt.  =—  equals  thrust  per  unit  circumferem. 
To  detennine  B,  let  Fig.  501  represent  a  unit  lei^b  of  a  horizontal  ring,  lai^ely  exaggeratal 
Then  by  similar  triangles 

B:  2iJ  =  *:  1    o^fi  =  ^ 
This  gives  the  belt  stress  per  foot  of  meridian  if  Aff  is  taken  accordingly,  as  sbown  in  Pig.  500((!. 

s —  gives  the  meridian  stress  per  foot  of  circumference  of  belt. 

For  practice  apptieation  the  load  line  is  made  equal  to  r*p,  thus  etimioating  2*  from  tke 
operation  and  obtaining: 

B  >=  A//  =  belt  stress  per  foot  of  meridian. 

and  —  =  meridian  stress  per  foot  of  belt. 

Compression   concentrated   in   lantern   ring    =>   H  at   - 
lantern.  Fia,  SOl. — I>et«niiiiiatioDo<bil(>trB 

Tension  concentrated  in  wall  ring  —  H  at  wall. 
The  latter  will  be  a  maximum  for  a  dome  terminating  at  51  dcg.  50  min.,  where  4H  is  eero.    Al 
90  deg.  H  is  zero  and  iff  a  maximum.     Note,  however,  that  the  stress  diagram  may  be  n* 
tinned  for  domes  extending  spherically  below  the  equator  where  the  wall  rii^  stress  would  tkfi 
be  compressive. 

Fig.  500  (a)  is  drawn  for  a  dome  continuous  at  the  crown,  while  Fig.  500  (b)  will  show  Ue 
slight  difference  for  a  dome  with  lantern. 

For  a  dome  shell  increasing  in  thickness  from  crown  to  base,  orfor  nonuniform  loading, Ite 
load  line  is  determined  in  the  usual  way,  using  belt  areas  ry. 

In  Older  to  comprehend  the  stress  conditions  at  the  crown  of  a  closed  dome,  imagioetlN 
lantern  ring  replaced  by  a  solid  plate  which  must  necessarily  be  under  compression  in  all  diiw- 

For  a  conical  dome  the  method  is  still  simpler,  but  the  stress  diagram  had  better  be  dr»«» 
analogous  to  III'  (Fig.  496). 


"&"'■■" 
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Ulk  Analjtical  Method. — Dead  plus  live  load  per  square  foot  of  surface  is 
eaigoatedby  p.    The  area  of  a  spherical  cap  above  a  plane  cc  (Fig.  502)  equals  2  wry. 

The  vertical  reaction  along  circumference  ee  =  total  load  above  ee,  that  is,  2wxR  sin  v  — 
frvp,  or  ance  »  -  r  mb  p  and  y  —  r  i.1  —  ooav) 

R  _     yP        rpfl  -  coe  !■)  rp  , 

sin*  P  (1  -  cos'  r)       1  +  cos  o  ^    ' 

t  is  the  meridian  stTeee  per  unit  length  of  circumference  of  belt.  At  the  oroirn  cos  v  ~  1, 
ence  R  =  -^-  At  the  equator  cos  d  =  0,  hence  R  =  rp.  Now  let  B  be  the  belt  stress  per 
nit  length  of  meridian,  then  from  the  greatly  exaggerated  force  plans  of  Fig.  602,  in  which  Ar 
nd  Ah  are  very  small  angles. 

H   -  2B  Bin  Aft  =  2B,,-      =  ^ 


2fi  sm  Ad  -  2R„- 


Fia.  SOZ.— Dama  ihdl.  Fia.  SOS.—Btraa  nJoea  for  »Ud  dome*. 

The  three  forces  £,  R,  and  pupoo  unit  area  at  cmust  be  in  equilibrium,  hence  tbeircomponente 
in  any  direction  —  0.    This  for  direction  r  gives 


and  since  R  —  j-  x~^ —  """i  "■ — '  =  f" 

B  =  rp{cos  K  -  j-qi-y  (M) 

At  the  crown  cos  e  =  1,  hence  B  =  ■?-    At  the  equator  cos  »  -  0,  hence  B  -  — rp  (tendon) 

Following  is  a  table  of  (1  +  cos  v)  and  (cos  v  —  ^-^r 1  tor  convenient  application  of 

Formulas  (13)  and  (14),  and  Fig.  603  is  a  graphical  representation  of  these  formulas. 
Angle  X,  (1  +  cos  I.)  (cos  p  -  i  j^,^^ 

0  2.000  -0.500 

10  1.985  -0.482 

20  1.940  -0.425 

30  1.866  -0.331 

-0.201 
-0.034 
±0.000 
+0.167 
+0.403 
+0.678 
+1.000 


40 

1.766 

50 

1.643 

51  deg.  50  min. 

1.618 

60 

1.500 

70 

1.342 

80 

1.174 

90 

1.000 
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The  vertical  and  horizontal  wall  reactions  per  foot  of  wall  ring  are  R  ain  p  and  R  cos  r.   IV 
tension  in  the  wall  ring  is  Rx  cos  v, 

sole.  Reinforcement. — ^The  reinforcement  is  placed  in  direction  of  meridian 
and  horizontal  belts.  Outside  of  wall  ring  or  of  the  tension  belt  area  below  51  deg.  50  mU, 
the  shell  need  only  be  lightly  reinforced  against  shrinkage  and  temperature  crackBi  for  tbe 
unit  compression  of  the  concrete  will  ordinarily  be  found  very  low.  For  a  aemisphgrieri 
dome,  for  instance,  of  100-ft.  span,  and  6-in.  thickness  of  shell,  and  a  loading  of  72  lb.  per 

144  X  50 
sq.  ft.  in  addition  to  its  own  weight,  the  compression  and  tension  at  the  base  =  — =x —  s 

100  lb.  per  sq.  in.,  and  the  compression  at  the  crown,  one-half  of  this. 

It  is  assumed  generally  that  the  pressure  surface  of  a  dome  shell,  analogous  to  the  pis- 
sure  line  of  a  well  designed  arch,  may  oscillate  within  the  middle  third  of  the  thickneaB  d 
the  shell,  hence  the  maximum  unit  compression  should  not  exceed  one-half  of  the  penniaflik 
compressive  stress  of  the  concrete.  This  is  of  less  importance  for  architectural  domes,  {gi 
which  as  already  stated,  the  compression  of  the  concrete  will  hardly  ever  reach  that  amount, 
but  for  subterranean  domes  and  domes  for  tanks  under  large  earth  or  water  loads,  it  «£ 
determine  the  thickness  of  the  shelL 


SECTION  4 
GENERAL  DESIGNING  DATA 


ARCHITECTURAL  DESIGN 

Br  Abthub  Pbabodt 

1.  Theory  of  Design. 

la.  Tliree  Ftmdamentals. — In  1624  Sir  Henry  Wotton,  an  English  architect, 
Ktated  the  requirements  of  good  architecture  in  three  words,  ''commoditie,  firmeness  and 

This  covers  the  ground  today  as  it  did  300  yr.  ago.  A  building  that  is  commodious  in 
bbe  sense  of  being  suitable  and  sufficient  for  the  intended  use,  one  that  will  withstand  the  effects 
[if  n&ture  and  the  loads  and  strains  to  which  it  is  subjected,  and  that  is  pleasing  to  the  intelligent 
Uid  unprejudiced  observer,  represents  good  architecture.  None  of  the  three  primary  elements 
are  Independent  of  the  others.  The  plan  must  be  sufficiently  flexible  to  meet  the  demands 
oi  stability  and  appearance.  The  structural  system  must  adapt  itself  somewhat  to  conditions 
and  the  artistic  sdieme  must  be  perfected  without  seriously  trenching  upon  the  other  elements. 

1&.  The  Language  of  Design. — A  design  must  declare  its  intention,  so  far  as 
poflflible.  It  should  indicate  the  character  of  the  building  as  political,  religious,  domestic,  etc. 
In  the  expression  of  this  lies  a  good  measure  of  its  success.  The  several  parts  of  a  design  must 
be  in  harmony  if  not  in  symmetry,  and  in  scale — ^that  is  to  say,  commensurate  one  with  the 
rest.  Finally,  good  design  requires  grace  of  form,  articulation  of  parts,  dominant  elements, 
proportion  and  emphasis.    These  qualities  are  dependent  upon  mass,  outline,  color  and  detail. 

Ic.  Characteristics  of  Design. — A  design  may  be  simple,  that  is,  consist  of  a 
few  elements  dominated  by  a  single  point  of  interest,  as  in  a  church  spire.  It  may  be  complex, 
with  similar  parts  symmetrical  about  a  central  axis  like  the  Elizabethan  Manor,  or  irregular, 
with  sharply  articulated  masses  arranged  in  a  picturesque  manner  so  as  to  bring  about  a  pleasing 
resulty  as  in  the  dormitory  quadrangles  of  some  of  our  Universities.  The  ordinary  limits  of 
the  safe  use  of  materials  and  structural  methods  should  be  kept  in  mind.  Curious  expedients 
for  the  solution  of  problems  arouse  criticism  and  usually  reflect  on  the  quality  of  the  design. 
The  element  of  apparent  stability  affects  the  impression  of  beauty.  Apparent  stability  is 
ordinarily  connected  with  mass.  A  stone  column  appears  to  be  stronger  than  an  iron  post 
of  equal  structural  value.  The  appearance  of  strength  is  therefore  satisfied  better  in  some 
instances  by  stone  than  iron.  From  the  customary  mental  attitude  toward  them,  columns 
attribute  strength  to  a  building  although  used  in  a  purely  decorative  way.  On  the  other  hand, 
openings  out  of  scale  with  the  design,  though  constructed  in  a  very  stable  manner,  detract 
from  apparent  strength  and  reduce  architectural  value. 

Id,  Use  of  Elements. — In  the  matter  of  scale,  small  units  may  be  made  to 
increase  the  apparent  size  of  a  building,  or  large  ones  to  diminish  it.  Architectural  size  is 
measured  in  terms  of  the  human  figure.  It  would  be  impracticable,  however,  to  adhere  closely 
to  this  unit,  especially  in  sculptural  decoration  of  buildings.  It  is  necessary  to  increase  such 
figures  to  avoid  the  appearance  of  diminution,  due  to  juxtaposition  with  elements  that  must 
inevitably  partake  of  unusual  dimensions.  The  actual  size  of  units  must  harmonize  with 
the  scale  of  the  building.  Very  large  stones  appear  out  of  place  on  a  small  cottage,  or  very 
small  stones  on  a  large  building.  Expecially  on  the  interior,  members  of  great  strength  must 
be  considerably  masked,  to  obviate  their  crushing  effect.    In  short,  "absolute  frankness" 
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would  be  as  disastrous  in  architectural  design  as  in  everyday  life.  Vertical  lines  add  ahrari 
to  slenderness.  Horizontal  lines  increase  strength.  For  this  reason  fluted  Corinthian  cohmmi 
are  used  in  upper  stories,  while  the  Tuscan  order  of  the  lower  parts  may  be  rusticated,  aksf 
with  the  massive  ashlar  of  the  building. 

le.  Color  and  Ornament — Color  is  one  of  the  important  elements  of  deapo. 
The  same  building  which  in  the  purity  of  white  marble  would  reflect  and  etherialize  the  intcntica  ; 
of  the  architect,  might  be  an  abomination  in  cold  red  sandstone.  The  vagaries  of  certak 
Italian  work  are  more  or  less  glossed  over  by  the  magniflcient  color  and  quality  of  the  materiak 
For  this  reason,  in  the  use  of  mixed  materials  such  as  stone  and  brick,  discretion  is  a  sarisf 
virtue.  In  a  general  way  delicate  members  are  quite  useless  in  materials  of  strong  and  espedallr 
of  sombre  colors.  The  play  of  light  and  shade  is  to  a  great  extent  lost,  and  members  wfaiel 
would  be  adequate  in  light  colored  stone,  appear  weak  and  non-effective.  The  bright  red  d 
modem  tile,  or  the  variegated  tints  of  rock  faced  slate,  must  be  reckoned  with  in  the  completed 
color  scheme  of  buildings. 

Carved  ornament,  which  may  be  thought  of  somewhat  as  a  color  decoration,  must  be  placed  where  it  w3 
emphasise  an  idea.  This  it  cannot  do  if  placed  where  it  will  not  be  seen,  or  dissipated  over  a  building  in  bwA  s 
manner  as  to  signify  nothing  in  particular.  Placed  on  a  bracket  itmncreases  the  effect  of  strength  by  its  li^t  tad 
shadow  and  is  therefore  justified.  The  same  use  applies  to  the  carving  on  a  capital,  which  increaaes  the  appsiea 
size  and  adds  to  architectural  strength. 

2.  Architectural  Style. — An  architectural  style  is  an  assemblage  of  parts,  ornaments  and 
details  forming  a  definite  structural  and  ornamental  system  of  design.  It  is  formed  partly  m 
tradition,  partly  on  structural  methods.  A  new  element  introduced  into  an  existing  styk 
may  in  time  produce  an  entirely  new  style,  as  in  the  case  of  the  Gothic,  w^hich  owes  its  existenee 
to  the  intelligent  and  persistent  use  of  the  pointed  arch  and  vault,  together  with  the  supportini 
buttress,  as  new  elements  applied  to  the  previous  architectural  system  of  the  round  arched 
style. 

A  style  seldom  becomes  free  from  similarity  to  its  predecessor.  It  tends  to  carry  along,  as  purdy  omaBMStri 
features,  element6  which  originally  had  a  vital  function.  In  this  way  the  dentils  and  modilliona  of  the  Corintiiiu 
Order  remain  as  obsolete  members,  the  function  of  the  bracket  having  been  replaced  by  other  structural  elemesti. 

2a.  The  Gothic  System. — Gothic  architecture  as  developed  principally  in 
France  depended  upon  the  arrangement  of  arch  ribs,  vaults,  buttresses  and  flying  buttreees 
so  combined  as  to  make  a  stable,  constructive  system.  The  problem  of  the  vaulting  was  the 
whole  matter.  During  the  Romanesque  period  this  was  founded  on  the  semi-circular  arch, 
which  from  its  nature  fixed  the  height  of  the  vault  over  a  given  width  of  nave.  The  adoptioii 
of  the  pointed  arch  freed  the  nave  from  this  limitation.  It  might  then  be  as  high  as  the  exi- 
gencies of  constructive  materials  would  permit.  To  resist  the  outward  thrust  of  the  mm 
vault  the  expedient  of  the  buttress  was  employed.  As  the  height  was  gradually  increased,  bjr 
extending  the  wall  of  the  clerestory,  a  second  row  of  braces  called  flying  buttresses  was  employei 
The  system  was  now  complete.  The  buttresses  took  the  place  of  the  heavy  walls  of  the  preriocs 
Romanesque  style  and  the  spaces  between  were  filled  by  thin  enclosing  walls  pierced  by  giest 
windows.  Over  the  stone  vaults  a  false  roof  of  timber  work  kept  off  the  rain.  The  progrea 
of  the  style  led  to  increased  slenderness  and  more  complicated  decoration  until  the  limit  of 
resistance  was  reached  in  some  cases. 

Military  Gothic  grew  out  of  the  needs  of  the  feudal  system  and  was  developed  most  completely  in  Frun. 
Based  upon  the  art  of  warfare  of  the  time,  the  castle,  or  chateau,  consisted  of  a  .walled  enclosure  of  eonsidertfak 
area,  with  great  towers  at  points  of  advantage.  The  area  was  divided  into  the  outer  court,  containhig  barraelBSBd 
drill  grounds  and  other  buildingSi  and  the  inner  court  containing  various  buildings  of  good  siae,  behind  which  wai  tist 
great  tower,  donjon,  or  keep.  The  castle  was  ordinarily  located  on  broken  ground,  for  defensive  parpoces.  TV 
bank  of  a  river,  and  particularly  the  land  between  a  river  and  one  of  its  branches,  was  thought  to  be  desirabie  fa 
this  reason.  The  keep  would  be  located  at  the  point  of  intersection,  and  the  plan  of  the  works  would  descnbe  sa 
irregular  triangle,  the  enclosing  wall  following  the  banks  and  the  front  wall  closing  the  interval  between  then. 
The  design  of  the  chateau  varied  with  the  progress  of  military  art  up  to  the  advent  of  gun  powder  in  war.  At  sktcr 
date  the  buildings  of  the  inner  court,  largely  remodeled  and  beautified,  became  the  chateau  or  country  seat  of  tfae 
descendant  of  the  feudal  lord.  Connection  with  civil  architecture  was  thereby  established  and  the  effect  on  priTate 
architecture  may  be  seen  in  modern  French  residences  of  large  sise. 
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26.  Ornaments  of  the  Gothic  Style. — The  method  of  ornamentation  and  the 
detail  of  ornament  in  Gothic  architecture  is  quite  different  from  that  of  the  Renaissance.  It 
b  less  sophisticated,  has  less  repose  and  is  less  commonly  repeated  in  exactly  the  same  form. 
It  is  bold,  variable,  constantly  substituting  equal  values  for  identical  forms,  and  is  imbued 
with  the  virility  and  strain  that  is  characteristic  of  the  style.  Among  the  continuous  ornaments 
are  moldings,  derived  largely  from  the  grouping  of  slender  shafts  about  a  pier  or  at  the  jamb 
of  a  window.  The  intention  of  these  \a  to  produce  a  strong  effect  of  verticality  and  of  light 
and  shade.  During  the  early  period  of  the  Gothic  this  was  the  principal  ornamental  motive. 
In  the  decorated  Gothic  the  moldings  were  interrupted  by  omaipents  at  intervals  or  formed 
to  contain  them  within  the  concave  members.  These  took  the  form  of  grotesque  heads,  or 
flowered  bosses.  In  English  Gothic  a  rounded  ornament  called  the  Tudor  apple  is  spaced 
along  the  moldings,  like  a  series  of  knobs.  The  forms  of  Gothic  moldings  are  to  some  extent 
determined  by  the  intention  of  serving  as  water  drips.  No  large  projections  give  room  for 
decoration  as  with  the  Classic  cornice.  The  label  or  lip  moldings  of  the  arches  end  in  rosettes. 
The  slender  cylindrical  shafts  of  the  columns  are  decorated  with  molded  bases  and  elaborately 
carved  capitals.  In  the  complicated  interlace,  derived  from  the  Celtic,  to  the  delicate  leafage 
of  the  best  period,  the  entire  gamut  of  variety  is  run.  The  shafts  are  sometimes  decorated 
with  zig  zag  chevrons.     The  bases  are  ffequently  round,  or  octagonal,  with  deeply  cut  moldings. 

From  the  Romanesque  the  diaper  or  lotenge  pattern  ia  carried  into  the  style  for  decoration  of  flat  surfaces. 
The  intersections  of  vault  ribs  are  ornamented  with  carved  rosettes  or  pendants.  Buttresses,  at  first  plain,  are 
later  decorated  with  pinnacles  bearing  poppy  heads.  The  flying  buttresses,  especiahy  on  their  pinnacles,  are 
ornamented  with  crockets. 

The  Qothic  window  is  ordinarily  divided  by  stone  muUions,  which  interlace  at  the  arch  level.  From  his  arose 
the  Gothic  tracery  of  pierced  stone  work,  which  became  one  of  the  distinguishing  features  of  Gothic  decoration. 
At  first  geometrical,  it  presently  developed  into  wonderful  figures  and  wavering  branchings.  Traceries  are  called 
trefoil  or  "three  leaved,*'  quatre  foil,  cinq  foil.  In  combination  with  stained  glass  of  brilliant  beauty,  the  Gothic 
window  became  a  distinguishing  feature  of  the  style.  Traoery,  like  every  other  excellent  thing,  was  carried  to  its 
ultimate  form  in  the  lace-like  stone  draperies  over  the  elaborate  niches  of  the  late  period.  It  decorated  not  only 
openings,  but  spread  over  the  surfaces  of  vaultings,  ever  increasing  in  complexity  with  the  development  of  the 
Gothic  style.  In  Spain  it  was  crusted  over  with  minute  decorations  and  filagree.  The  effort  toward  slenderness 
and  multiplicity  ended  with  the  extreme  of  possibility  in  chiseled  stone.  This  applied  not  only  to  decoration,  but  to 
itructure  aa  well,  until  a  halt  was  called  by  the  final  breaking  down  of  parts. 

2c.  The  Renaissance  Style. — The  Renaissance  occurred  in  Italy  in  the  15th 
Century.  The  chief  characteristic  of  the  Renaissance  style  of  architecture  is  the  use  of  the 
Greek  and  Roman  architectural  orders  and  decoration.  The  models  for  these  were  derived 
from  study  of  Roman  remains  in  Italy  by  the  architects  Vignola,  Palladio  and  others. 

%d.  Orders  of  Architecture. — An  order  is  a  principal  element  of  style.  Having 
represented,  at  first,  the  entire  expression  of  a  limited  architectural  scheme,  it  has  at  a  later 
time  shared  with  other  similar  orders  in  the  development  of  the  completed  system.  The  term, 
order,  is  used  only  in  connection  with  the  Classic  and  Renaissance  styles.  In  the  Gothic 
style  there  are  no  such  distinct  demarcations,  but  examples  are  spoken  of  as  being  in  the  French 
or  English  Gothic,  the  fiambovant,  or  perpendicular,  as  the  case  may  be. 

An  order  is  made  up  of  the  column,  with  its  base  and  cap,  the  architrave,  frieze  and  cornice. 
Where  the  cornice  is  divided  and  extended  along  a  gable  to  fit  the  pitch  of  the  roof,  it  becomes 
a  pediment.  The  space  enclosed  between  the  level  cornice  and  the  slanting  portion  is  known  as 
bhe  tympanum.  Any  portion  of  an  order  may  be  ornamented  according  to  customary  use. 
The  tympanum  may  be  filled  with  sculpture.  The  best  practice  is  to  ornament  alternate  mem- 
bers only,  leaving  plain  fillets  or  bands  between.  In  the  last  period  of  Roman  architecture, 
entire  surfaces  were  covered,  but  the  result  is  admitted  to  be  inferior.  The  period  of  the  Renais- 
sance gave  opportunity  for  experimentation  with  the  detail  of  orders,  wh  ich  was  carried  out  to  its 
ultimate  conclusion.  Some  of  the  more  worthy  variations  are  still  employed.  The  rusti- 
i^ated  Doric  is  one  such.  In  this  the  raised  surfaces  of  the  adjacent  stone  work  are  repeated 
>n  the  columns.  In  other  ways,  such  as  variations  in  the  fiutings  or  in  the  amount  of  entasis 
employed,  the  intention  of  the  artist  to  modify  or  emphasize  the  value  of  parts  is  shown,  as 
necessary  to  the  harmony  of  the  design.     The  illustrations  of  the  orders  here  given  are 
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'rom  the  works  of  Q.  B.  da  Vignola,  an  Italian  architect,  1507-1573,  conunonly  regarded  as  an 
authority. 

The  orders  of  architecture  as  employed  by  the  Romans  are  five  in  number,  namely,  Tuscan 
Doric,  Ionic,  Corinthian  and  Composite.  Of  these^  the  Tuscan  is  the  most  massive  and  simple. 
Fhe  other  orders  decrease  gradually  in  mass  and  increase  in  height  so  that  the  Corinthian  and 
Domposite  represent  the  most  slender  and  ornate. 

In  the  single  storied  temples  of  Greek  and  Roman  dayv  the  order  was  of  sufficient  sise  to  extend  to  the  fuQ 
height  of  the  building.  In  larger  structures  they  were  sometimes  placed  one  over  another,  corresponding  with  the 
stories  of  the  building.  This  is  called  superposition.  In  this  use  the  more  massive  Doric,  cr  Tuscan,  is  employed 
in  the  lower  portions  and  the  slender  Corinthian,  or  Composite,  in  the  upper  stories.  In  some  buildings  all  five 
orders  are  used.  In  others  two  or  three  at  will.  Above  an  order  there  may  be  developed  a  story  called  the  at  tie. 
This  was  emi^oyed  by  the  Romans  on  their  triumphal  arches.  It  is  now  frequently  used  on  a  great  building  to 
increase  the  height  of  it,  or  of  some  prominent  part,  without  increasing  the  scale  of  the  order.  Examples  of  the 
attic  story  may  be  seen  on  large  buildings  such  as  the  new  National  Museum  at  Washington.  The  attic  is  a  rather 
lo^r  structure,  massive  in  detail,  and  may  be  crowned  with  a  cornice  molding.  The  surfaces  are  left  plain  or 
panelled,  or  may  have  openings.  Pedestals,  spaced  at  the  same  intervals  as  the  columns  below,  may  serve  as  bases 
for  free  statues  or  other  ornamental  forms.  Instead  of  the  attic  story  there  is  sometimes  employed  a  parapet  above 
the  cornice,  with  pedestals  and  balustrades. 

Beside  the  Roman  orders  the  Greek  Dorio  is  sometimes  used  in  modern  work.  This  order  differs  from  the 
Roman  Doric,  being  more  massive  and  severe.  The  column  is  without  a  molded  base.  The  twenty  flutes  are 
broad  and  shallow,  without  fillets.  The  height  of  the  column  varies  from  4H  diameters  in  buildings  of  the  early 
period  to  5>i  in  the  best  period,  that  of  the  Parthenon,  and  to  6  or  more  diameters  in  later  examples.  The  cornice  is 
simple  and  heavy,  about  two  diameters  in  height.  The  other  Greek  orders  are  the  Ionic  and  Corinthian.  These 
differ  from  the  Roman  in  certain  details. 

An  order  may  be  raised  ui>on  a  pedestal,  or  the  building  may  be  set  on  a  base  or  stylobate,  upon  which  the 
order  will  then  rest.  The  order  may  stand  free,  as  on  a  portico,  or  may  be  engaged  with  the  wall.  It  may  extend 
through  a  single  story  or  include  several.  It  may  be  in  connection  with  an  arcade,  under  another  code  of  customary 
use.  Instead  of  columns,  or  in  connfection  with  them,  rectangular  shafts,  known  as  pilasters,  may  be  employed  to 
bring  about  a  complete  design.  In  this  use  the  question  of  entasis  has  given  rise  to  some  controversy  among  purists. 
The  vsrious  orders  commonly  include  a  certain  ornamentation,  such  as  molded  bases  and  carved  capitals  and  a 
oomioe  bearing  a  regular  system  of  ornament  as  a  minimum. 

In  Greek  and  Roman  use  the  plainer  orders  were  sometimes  decorated  with  color  and  gold.  Along  with  a 
fixed  proportion  of  parts,  an  order  contemplates  a  certain  spacing  of  columns.  These  quantities  vary  with  the 
different  orders,  the  more  massive  Doric  columns  being  set  close  together  and  the  slender  Corinthian  farther 
apart.  An  appearance  of  slenderness  is  given  to  the  columns  by  concave  flutings  on  the  shaft,  while  at  the  same 
time  the  optical  illusion  of  central  diminution,  observed  in  a  cylindrical  shaft,  is  ovarcome  by  forming  the  columns 
with  a  convex  oiurve  diminishing  to  the  top.     This  is  referred  to  as  entasis. 

The  orde«^  have  long  since  lost  their  character  as  primary  supporting  members,  and  have  become  almost  wholly 
elements  of  design.  The  skilful  use  of  them  to  indicate  rather  than  to  furnish  actual  strength  is  the  province  of  the 
dettigner.  This  element  of  aesthetic  values  is  one  which  prevents  architecture  from  becoming  an  exact  science. 
Such  values  cannot  be  determined  by  computation  and  set  down  in  tables,  like  the  safe  working  strength  of  steel 
beams.     Within  the  rigid  limits  of  customary  use  a  wide  field  of  variation  is  open  to  the  designer. 

86.  Architectural  Ornaments  of  the  Renaissance. — Renaissance  moldings  con- 
sist of  curved  surfaces,  concave  and  convex,  or  of  a  multiple  curvature,  applied  to  the  bases,  capi- 
tals and  cornices  of  this  style  of  architecture.  The  surfaces  of  these  moldings  are  frequently 
enriched  by  carved  ornament,  such  as  the  acanthus  leaf,  the  egg  and  dart,  lambs  tongue,  bead 
and  reel,  flutings,  the  wave  ornament,  the  guilloche  or  interlace,  the  honeysuckle,  the  garland 
and  the  Greek  key  or  labyrinth.  These  are  the  most  common  of  the  continuous  ornaments. 
Beside  these  a  number  of  ornaments  are  employed  such  as  the  antefix  or  acroteria,  sometimes 
employed  as  a  cresting  above  a  cornice,  the  lions  head,  the  cadeuceus.  Columns  are  sometimes 
replaced  by  standing  female  figures  called  caryatids,  or  male  figures  called  Atlantes.  The 
Doric  frieze  is  ornamented  with  the  trigylph.  a  vertical  figure  of  three  units  placed  regularly  over 
the  columns.  Between  these,  in  what  are  called  metopes,  are  placed  ornaments  representing 
ox-skulls  and  garlands.  Under  the  projecting  portion  of  the  cornice  of  this  order  a  flat 
ornament  is  used,  called  the  mutule.  This  is  replaced  in  the  Corinthian  by  a  scroll  bracket. 
Acroteria  are  placed  at  the  peak  of  the  gable  or  pediment  and  at  the  eaves.  The  Roman  Doric  is 
ornamented  in  a  different  manner  from  the  Greek.  Sculpture  is  used  in  various  ways  to  deco- 
rate buildings  in  this  style.  Besides  figures  in  relief  on  the  frieze  of  the  corm'ce,  free  statues 
may  be  placed  at  various  points  either  on  the  stylobate,  as  on  the  Bureau  of  American  Repub- 
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lies  at  Waahington,  or  upon  the  parapet  or  attic  story.    In  the  case  of  the  Triumphal  Aitk. 
horses  and  a  chariot  may  crown  the  sructure.     This  is  called  a  quadriga. 

2/.  Modem  Styles. — The  principal  architectural  styles  in  America  are  tb 
Renaissance  and  the  Gothic.  Other  styles  have  attained  a  temporary  vogue  at  times  thm^ 
the  exceptional  merit  of  some  designer.  Among  such  is  the  Romanesque  style  as  develop«i 
by  H.  H.  Richardson,  an  architect  of  Boston. 

The  Renaissance  was  reestablished  in  this  country  by  the  extraordinary  display  of  ttksi 
at  the  Worlds  Columbian  Exposition  in  1892. 

The  Gothic  style  for  ecclesiastical  buildings  and  for  some  of  the  universities,  has  bea 
restored  to  favor  by  the  excellent  work  of  a  few  talented  architects. 

The  auocessful  application  of  these  stylet  appears  to  depend  largely  on  the  proportions  of  the  buikfii^B 
question.  Where  the  main  dimensions  are  horisontal,  the  Renaissance  appears  to  be  most  commonly  sneei^U 
For  those  exhibiting  a  preponderance  of  vertical  masses  the  Gothic  style  seems  to  be  well  suited.  £iti»er  of  tti 
styles  is  pleasing  for  buildings  of  certain  types,  where  extremes  of  dimensions  do  not  ordinarily  occur.  In  the  viy 
the  collegiate  Gothic,  so-oalled,  is  adaptable  to  scho<d  buildings  faced  with  brick  work.  The  absence  of  borisasirf 
members,  common  to  the  Renaissance,  affords  considerable  freedom,  while  the  Gothic  sjrstem  of 
gives  room  for  emphasis  of  prominent  parts.  Many  of  these,  however,  can  be  treated  equally  weQ  in 
Renaissance.  In  private  house  work  of  the  better  class  the  designs  follow  the  two  principal  styles  in  use.  A 
ber  of  actual  reproductions  of  European  dwellings,  more  or  less  accurate,  exist,  but  the  majority  of  demgns  folsv 
a  free  Renaissance  in  so  far  as  they  are  capable  of  being  classified.  Architecture  in  America  is  now 
a  transitional  period  and  may  easily  develop  into  a  new  interpretation  based  on  modem  use  and 
materials  such  as  concrete,  steel,  stucco  and  hollow  tile. 
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8.  Court  Houses. — The  typical  court  building,  which  may  be  enlarged  to  meet  moie 
complicated  conditions,  comprises  a  court  room  of  good  size,  with  chambers  adjacent,  sofficiat 
to  accommodate  the  several  judges  holding  court  at  that  place.  A  private  ofRce  adjacfst 
to  each  is  required.  Two  or  more  jury  rooms  are  necessary,  of  about  14  X  20-f t.  dimeoaaai; 
between  these  a  sheriff's  office  with  entrances  to  control  both  rooms.  Waiting  rooms  fcr 
witnesses  are  required.  One  or  more  detention  rooms  are  necessary,  where  convenient  aeecB 
to  the  jail  is  not  provided.  The  offices  of  the  county  clerk,  treasurer,  8urve>''or  and  oilier 
officials  will  be  located  in  bhe  building,  usually  in  the  first  story.  The  arrangement  of  die 
court  room  is  that  of  a  hall  with  the  judge's  desk  on  a  platform^  a  space  for  attorneys,  dek 
and  stenographers  about  a  large  table,  and  a  space  for  witnesses.  The  twelve  jury  seats  arest 
one  side,  frequently  on  the  left,  within  a  separate  railing.  Tlie  seats  are  raised  above  the  floor 
on  a  stepped  platform.  The  witness  box  is  placed  between  this  and  the  judge's  platfonn,  for 
convenient  hearing.  The  room  requires  special  lighting  and  ventilation,  and  should  hire 
good  acoustic  properties.  The  judges'  suites  should  have  separate  toilets.  Separate  toileti 
should  be  provided  for  each  jury  room,  detention  or  waiting  room  and  for  the  public.  A 
library  room  is  desirable,  but  in  small  court  houses  is  not  imperative.  The  treasurer  and  (he 
county  clerk  will  require  large  storage  vaults  with  a  money  vault  for  the  treasurer. 

Ordinary  room  sixes  for  small  court  houses: 

Court  room 30  X  50 

Judges'  chambers 14  X  20 

Judges'  private  offices 14  X  20 

Library 14  X  20 

Jury  rooms  (2) 14  X  20 

Sheriff's  office .  14  X  20 

Witness  waiting  room 14  X  20 

Detention  rooms  with  private  toilet 10  X  14 

County  clerk's  office 14  X  20 

1  Buildings  for  the  United  States  Government  are  not  included  as  these  are  usually  designed  by  theSopo^ 
▼iiing  Architect  of  the  United  States.    State  oapitob  are  also  omitted. 
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County  clerk's  private  office 12  X  14 

Treasurer's  oflBce 14  X  20 

Treasurer's  private  office 12  X  14 

Vaults  for  each 6    X  14  to  20 

Surveyor's  office 14  X  20 

Health  department 14  X  20 

Assessor's  office 14  X  20 

4.  Town  Halls. — The  town  hall  contains  a  large  assembly  room  with  a  moderator's 
platform  and  desk.  A  space  for  the  town  clerk  and  other  officials  is  railed  off  adjacent.  The 
remainder  of  the  hall  is  provided  with  seats  for  the  voters  at  the  rate  of  8  sq.  ft.  per  person. 
A  visitors'  gallery  is  desirable.  At 
Bourne,  Mass.,  the  offices  are  in 
the  front  part  and  the  hall  at  the 
rear.  The  offices  should  be  of 
good  size,  with  counters  for  the 
public.  At  North  Hampton  the 
hall  is  in  the  second  story,  the  town 
business  being  conducted  on  the 
Unround  floor. 

In  some  examples  detention  rooms 
are  provided  in  the  building  for  persons 
accused  of  misdemeanors.  Such  rooms 
should  comply  with  the  restrictions  de- 
scribed under  lockups.  Most  state  laws 
forbid  detention  rooms  in  basements. 

5.  City    Halls     or    Municipal     Fio.  l.— Plan  of  second  floor  of  Municipal  Building,  Plainfield,  N.  J. 

Buildings. — The  city  hall  is  a  de- 
velopment to  meet  the  needs  of  the  ordinary  city  government.  The  meeting  room  of  the 
common  council  will  require  50  sq.  ft.  per  member.  Ante-rooms  and  conmiittee  rooms  are 
required,  and  offices  for  certain  officials.  The  mayor's  suite  will  comprise  a  waiting  or 
reception  room,  general  office,  16  X  24  ft.,  a  private  office  and  toileb.  The  other  officials 
requiring  one  or  more  offices  will  be  the  city  clerk,  tax  assessor,  street  commissioner,  depart- 
ment of  health,  department  of  charities,  department  of  building,  city  treasurer,  city  surveyor 
or  engineer,  and  others. 

Ordinary  room  siaes  will  be 

Council  room 26  X  40 

Committee  rooms 12  X  25  to  20  X  25 

Mayor's  general  office 20  X  45 

Mayor's  private  oflBce 20  X  28 

Caty  clerk's  office 20  X  28 

Assessor's  office 20  X  28 

Street  commissioner's  office 20X  28 

Department  of  health 

Department  of  charities 

Inspector  of  buildings 

City  treasurer 

City  engineer 

Private  offices  generally 12 


.Each  20  X  35 


X  14 

6.  Public  Libraries. — The  essential  features  of  a  library  building  are:  the  reading  room, 
book  room  and  delivery  space.  A  typical  arrangement  has  the  delivery  desk  at  the  center  of 
the  public  room,  with  the  card  catalogue  conveniently  placed,  the  children's  reading  room  at 
one  side,  adults'  at  the  other,  and  the  book  stacks  at  the  rear.  Open  shelves  are  disposed  along 
the  walls  of  the  reading  rooms  for  reference  books. 

The  book  room  will  be  equipped  with  metal  stacks,  self-contained  and  resting  upon  steel  beams.  The  load 
imposed  by  the  stacks  will  amount  to  150  lb.  per  sq.  ft.  for  each  story  of  the  book  stack.  The  windows  at  the  ends  of 
the  stAoks  light  the  intervals  between  them.     Electric  lights  between  each  row  are  necessary.     A  book  lift  is 
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provided  in  moftt  librarieii.  Libraries  are  frequently  provided  with  muaeum  spaces  and  email  lecture  rooms  egv^Md 
for  stereopticon  or  moving  picture  talks.  The  working  rooms  comprise  the  librarian's  offices,  anpafJriag  wmk 
repairing  rooms,  cataloguing  room,  manuscript  rooms,  rest  rooms  and  travelling-library  reeetTinir  *Jm1  >^ipPBiK 
rooms. 

The  construction  of  library  stacks  has  become  specialised  to  such  an  extent  as  to  make  it  advisable  to  foBs* 
standard  details.  The  open  shelving  in  the  reading  rooms  may  be  of  wood  construction  to  harmoniae  with  ti» 
architectural  treatment  of  the  room. 

7.  Fire  Engine  Houses. — The  first  story  will  contain  the  steam  fire  engines,  hose  eszti 
and  chemical  extinguishers.     For  these  the  following  spaces  are  required: 

Fire  engines,  each  8  X  24  ft. 
Hose  carts,  each  8  X  24  ft. 

Ladder  wagons,  each  8  X  55  ft 
Chief's  wagon  8  X  20  ft 

Where  horses  are  emploTed, 
for  each  piece  of  appantei 
there  should  be  three  to  four 
horse  stalls  along  the  sides  or 
at  the  rear  of  the  room. 

Feed  storage  and  litter  space  ii 
required.  Where  auto-cars  are  osedL 
the  dimensions  wHl  be  appmrimatriy 
the  same.  The  office  of  the  fire  ciM 
will  be  on  the  fint  story.  A  teiet 
should  be  provided  for  the 
The  second  story  will  contain 
ing  rooms  and  dormitories  Iv  tbe 
men,  together  with  a  reading  aad 
lounging  room.  At  some  point  in  tiw 
building  a  tower  or  shaft  is  provided 
for  handling  hose. 

8.  Hotels. — ^The  lobby  b 
approached  by  a  principal  en- 
trance and  ladies'  entrance. 
This  contains  the  office,  de?a- 
tors,  cigar  and  news  stand,  tele- 
phone and  telegraph  ofi^  tnd 
a  small  parlor  for  women.  A 
private  office  for  the  manager 
is  required.  The  other  roooa 
are  the  dining  room,  cafe  or  tea 
room,  with  areas  computed  it 
20  sq.  ft.  per  sitting,  the  bar 
and  loimge,  the  service  room,  with  elevator,  check  room  for  coats  and  bags,  trunk  room  ind 
at  a  convenient  point  the  barber  shop  and  men's  toilet.  The  street  fronts  may  contain  t 
drug  store  and  furnishing  store  with  entrances  from  the  lobby.  The  dining  room  and  cafe 
will  be  preferably  on  the  first  floor,  or  higher  up  according  to  the  limits  of  the  property. 
It  is  economical,  as  regards  operation,  to  have  the  kitchen  on  the  dining  room  levd.  Tlie 
plan  and  equipment  of  the  hotel  kitchen  and  storage  spaces  is  a  highly  specialised  problem 
and  should  be  studied  in  consultation  with  makers  of  kitchen  equipment.  Mechanical 
refrigeration  is  to  be  preferred. 

Most  hotels  contain  a  ball  room  of  about  the  area  of  the  dining  room.  The  second  floor  will  contain  the  prisa* 
pal  parlor  and  retiring  room  for  women,  which  may  be  in  connection  with  the  ball  room.  There  ahould  be  a  ibiI- 
parlor  and  toilet  for  men  in  this  case.  The  writing  room  may  be  on  the  first  or  second  story.  In  the  latter  oh 
a  small  writing  room  or  alcove  should  be  provided  on  the  first  floor  adjacent  to  the  lobby.  Sample  rooms  for  tnnel> 
ling  salesmen  should  be  16  X  20  ft.,  well  lighted. 

The  upper  stories  will  be  occupied  by  the  hotel  rooms.     These  wUl  vary  from  IIX  14ft.tol6X30ft  with 
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k  '■k^amber  of  tuiies  hAvinc  priTate  parlors,  20  X  24  ft.  in  some  hotels.  Besidw  there  will  be  a  linen  room,  utility  room 
a«»<l  maids'  closets  on  eaoh  floor.  The  typical  hotel  room  is  designed  on  one  of  two  iJans.  The  most  desirable 
fe^nrsancement  is  to  place  the  bath  on  the  outside  wall,  between  rooms,  with  doors  entering  each.  The  closets  are 
tsliaie^  next  to  the  oorridor.  In  the  other  plan  the  bath  is  placed  at  the  corridor  end  of  the  room  and  the  closet 
»»*!■  the  entrance.  This  affords  no  light  to  the  bath  rooms  and  makes  good  ventilation  more  difficult.  The  bath 
'x»<»sn  is  intended  to  be  available  to  either  room  at  will.  The  adjustment  of  the  doeetf  may  permit  two  rooms  to  be 
tHr-oirn  together.     The  oorridors  will  be  8  ft.  wide.     A  space  adjacent  to  the  elevators  is  provided  for  the  floor 

^odian.     Helps'  quarters  are  ordinarily  at  the  top  of  the  buOding.     Segregation  is  necessary  in  this  case,  with 

I>Ie  bath  and  toilet  rooms  for  both  sexes. 


9.  Club  Houses. — The  general  requirements  of  a  club  house  are  similar  to  those  of  a 
sncxfldl  hoteL  The  special  features  will  depend  upon  the  elements  emphasised,  such  as  athletics, 
golf,  yachting.  Dormitory  rooms  and  suites  are  common  to  many  clubs.  The  service  provi- 
sions, kitchen  and  helps'  quarters,  the  dining  room,  grill  room,  private  dining  rooms,  game  and 
c&rd  rooms,  need  ample  spaces  per  ci^ita.  Cloak  rooms  and  locker  space  for  members  should 
be  convenient  and  of  easy  access. 

10.  Colosseoms — Convention  Halls. — The  ordinary  colosseum  or  convention  hall  will 
csomprise  an  auditorium  to  contain  a  large  number  of  seats.    The  rate  of  7  to  8  sq.  ft.  per  seat 
will  be  sufficient.    The  speaker's  platform  should  be  rather  high  and  of  sufficient  size  for  seating 
perhaps  100  to  300  persons.    The  floor  is  usually  flat,  so  that  the  building  may  be  used  for  ex- 
hibitions and  other  activities,  but  may  be  designed  with  a  moderate  slope  toward  the  platform. 
In  other  cases  the  building  is  provided  with  banked  seats,  a  portion  of  which  is  constructed  so 
that  sections  may  be  revolved  toward  the  front,  and  the  capacity  of  the  hall  reduced  as  desired. 
Gsdleries  will  be  required  where  the  general  public  must  be  admitted  to  certain  parts  of  the 
hall,  while  delegates  occupy  the  main  floor  space.    The  exits  and  toilets,  provisions  for 
safety,  etc.,  will  be  controlled  by  city  ordinances  or  state  building  codes.    Judicious  distribu- 
tion   of    these  utilities  b  necessary  to  avoid  congestion.    Ample   conmiittee  rooms  and 
adm  inistration  offices  must  be  provided,  together  with  storage  space  for  chairs  not  in  use.    The 
heating  and  lighting  should  be  ample,  but  not  excessive.    Ventilation  b}'  gravity  is  sufficient. 

11.  Raflway  Stations. — The  typical  railway  station,  aside  from  large  terminal  stations, 
comprises  a  ticket  office  with  a  bay  window  overlooking  the  trackage,  waiting  rooms  at  either 
side  for  men  and  women,  giving  a  space  of  25  sq.  ft.  per  person  in  the  ordinary  case;  adjacent 
to  these  a  baggage  room  and  toilets  for  both  sexes. 

A  restaurant  or  lunoh  oounter  is  provided,  convenient  to  the  train  platform  or  to  the  waiting  rooms.  The 
freisht  warehouse  and  office  may  be  ocmnected  to  the  passenger  station  by  a  covered  way.  The  information 
bureau  and  news  stand  b  frequently  combined  in  small  stations.  The  stations  are  usually  one  story  high  except 
where,  in  the  central  portion,  offices  for  the  train  master  are  placed  overhead. 

12.  Universities. 

12a.  Ground  Required. — ^The  area  necessary  for  a  great  university  cannot  be 
determined  on  the  sole  basis  of  utility.  Other  elements  enter  into  consideration,  such  as  the 
probable  number  and  character  of  activities,  the  space  required  for  an  adequate  and  dignified 
i4>proach,  the  necessity  for  light  and  air,  and  the  desirability  of  a  picturesque  arrangement. 
The  possible  increase  in  attendance  and  of  the  number  of  courses  to  be  offered  in  the  near  future 
affect  the  problem.  It  is  advisable  to  secure  as  much  land  as  possible  at  once  and  to  see  that 
no  insurmountable  obstacles  will  prevent  enlargement.  Advantage  should  be  taken  of  a  water 
front  for  a  picturesque  view  and  opportunity  for  water  sports.  Level  ground  for  athletic 
fields,  together  with  a  rise  of  ground  for  the  location  of  buildings,  are  among  the  elements  of 
importance  in  selecting  a  site. 

12&.  Preliminary  Design. — A  preliminary  design  should  be  secured  where  a 
new  university  is  contemplated  or  where  considerable  enlargements  to  an  exbting  institution 
are  at  all  probable.  Such  a  plan  will  prevent  unfortunate  errors  in  the  location  of  buildings, 
drives,  walks,  etc.  It  may  not  be  necessary  or  desirable  to  fix  absolutely  the  use  of  each  building 
in  a  general  design.  Certain  areas  should  be  designated  for  the  several  colleges,  within  which  a 
certain  freedom  of  choice  may  be  left  to  the  future  designer.  The  relation  of  the  several  col- 
lies to  each  other  should  be  carefully  studied  to  secure  convenience  and  efficiency. 
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12c.  Buildings. — Modern  universities  comprise  educational  sections  or  cdli^ 
as  follows :  Letters  and  Science,  Law,  Medicine,  Engineering,  Art  and  Architecture,  Agriculture. 
Military  Science  and  Training,  and  University  Extension.  Besides  these,  other  departmeati 
are  as  follows :  Student  Help  and  Recreation,  Sports  and  Athletics,  and  Administration. 

l%d.  College  of  Letters  and  Science. — For  buildings  in  the  colleges  the  foOiyiF- 
ing  room  sizes  may  be  taken  as  an  average: 

Class  rooms,  16  sq.  ft.  per  student,  at  30  per  room. 

Lecture  rooms,  10  sq.  ft.  per  student,  at  100  per  room. 

Lecture  halls,  8  sq.  ft.  per  student,  at  500  per  room. 

Offices  should  have  150  sq.  ft.  per  man.     Departmental  libraries  should  have  about  IQLOQB 
books  capacity,  with  receiving  desk  for  the  attendant.. 


Laboratories  for  physics,  obemistry,  bioloflor,  etc.,  will  be  somewhat  similar  as  regards  requirements  fori 
Laboratory  rooms  will  average  50  sq.  ft.  per  student.  Small  laboratories  for  advanced  work  are  neecasary.  The 
sise  14  X  24  ft.  may  be  taken  as  a  unit.  Lecture  rooms  and  lecture  halls  require  ample  room  for  preparatioak 
instruments  and  materials.  The  windows  must.be  quite  large,  1  aq.  ft.  to  5  of  the  floor  space,  arranged  for  darkoBf 
by  shades  or  panels  operated  by  hydraulic  or  electric  motors.  More  than  one  exit  from  a  large  lecture  room  ie  » 
quired,  and  where  possible,  one  should  lead  directly  out  of  the  building. 

For  chemistry  the  principal  requirement  is  for  chemical  desks  with  acid  proof  tope  with  gaii  and  water  Bvpplj- 
and  waste,  sinks  at  the  ends  and  cupboard*)  underneath;  beside  these,  reagent  shelves,  fuming  cabinets  and  baJam 
rooms.     A  chemical  store  room  and  dispensary  is  necessary. 

For  physios  laboratories  absence  of  vibration  is  imperative.  Concrete  oonstniction  is  advantageous.  PIijm 
deskb  are  arranged  along  the  walls  under  the  windows  and  are  equipped  with  electric  outlets,  gas  and  oompresMd sir. 
Concrete  piers  are  required,  and  special  cabinets  for  apparatus.  A  mechanicians*  shop  is  necessary  with  metil 
working  machinery  for  the  most  part.  Rooms  for  special  apparatus  are  required  for  both  chembtry  and  irftyno. 
Where  photography  is  made  part  of  the  course  in  chemistry  or  physics,  special  equipment  is  necessary.  There  «il 
ba  laboratories  for  the  study  of  electricity,  light,  heat,  sound,  wireless  telegraphy,  liquid  air  and  gas. 

Biology  requires  microscope  tables  wider  at  one  end  and  set  at  right  angles  to  the  windows  which  should  be 
large,  without  cross  bars  of  any  sort.  Chemical  desks  are  needed;  also  ovens,  fuming  cabinets,  refrigeration  rooas, 
dark  rooms,  rooms  for  constant  temperatures,  green  houses  and  glass  covered  laboratory  rooms  and  animal  hoan 
partly  under  glass.  Ponds  open  to  the  air  are  required  and  aquaria  of  various  sorts;  also  a  photographic  room  for  i^ 
cording  results.  An  exhibit  museum  should  be  prominently  located.  A  space  on  the  first  story,  preferably  s  hrfc 
entrance  foyer,  is  ideal.  The  herbarium  for  botanical  collections  and  the  working  mu&eum  of  shells,  skins,  skdetaan, 
and  insects  in  the  division  of  soology,  collections  of  alcoholics  and  specimens  preserved  in  other  liquids  will  r^mrt 
considerable  space. 

12e.  College  of  Law. — The  requirements  of  this  college  are  lecture  and  claai 
rooms,  reading  rooms,  and  the  law  library.  A  good  number  of  offices  are  needed.  The  claaB 
rooms  require  more  space,  about  20  sq.  ft.  per  student.  Such  class  rooms  are  fumisfaed  to 
advantage  with  narrow  desks  to  accommodate  the  text  books  which  are  large.  In  some  cases 
two  men  are  seated  at  one  desk.  Law  students  are  older  than  students  in  the  univeiatf 
courses  and  require  larger  furniture. 

The  law  library  should  have  a  regular  book  stack  for  special  texts  and  a  large  reading  room  with  open  sbeim 
for  standard  works.  The  room  should  be  very  well  lighted,  ventilated  and  furnished  with  indirect  lamps  for 
evening  work. 

One  or  more  lecture  rooms  of  about  300  seats  are  required,  according  to  the  schedule  of  lectures. 

12/.  College  of  Medicine. — The  theory  of  medicine  includes  anatomy,  physi- 
ology and  pharmacology.  The  laboratories  will  require  tables  or  desks  furnished  with  gas, 
compressed  air,  electric  current.  Microscope  tables  are  extended  under  the  windows  whirh 
should  have  as  few  cross  bars  as  possible.  Special  fuming  cabinets  strongly  ventilated  are 
necessary. 

A  gas  crematory  furnace  is  needed  in  the  anatomical  laboratory  and  vent  flue  to  the  iDof. 
A  refrigerated  vault  for  subjects  is  required  together  with  storage  rooms  for  specimens  in  alcohol 

For  all  these  laboratories  there  should  be  animal  rooms.  Open  air  runs  for  the  dogs  should 
be  on  the  roof  surrounded  by  brick  walls  not  less  than  8  ft.  high.  The  drainage  from  these  runs 
and  all  animal  quarters  should  be  well  cared  for,  and  provision  made  for  hosing  out  at  frequent 
intervals.  Animals  need  out-of-door  air  and  may  be  provided  with  winter  and  summer 
quarters.  A  small  private  lift  from  the  laboratory  floors  to  the  roof  b  extended  to  the  ground 
level.    Cages  for  dogs  have  wire  fronts  and  30  sq.  ft.  area  for  each  animal. 
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Clinic — The  olinio  building  should  comprise  offices  for  the  head  phykician,  a  gener^  waiUng  room,  registration 
Pooxns  and  record  rooms,  14  ft.  square.  The  general  waiting  room  to  contain  50  persons  at  once  will  require  15  sq. 
F^  I>«r  person.  A  separate  women's  waiting  room  is  desirable;  also  dressing  and  examination  rooms,  about  8X 12  ft.» 
for  examining  20%  of  the  capacity  of  the  waiting  room  at  one  time.  The  temperature  of  the  examination 
will  be  kept  to  at  least  74  deg.  and  the  rooms  must  be  light  and  well  ventilated.  Sound  proof  partitions 
boCifeen  units  should  be  proi^ided. 

Tkt  hospital  or  infirmary  should  have  an  adequate  equipment,  such  as  an  elevator  adjacent  to  the  ambulance 

^n^ranoe,  of  sufficient  bise  to  receive  a  hospital  cot.  The  corridor  should  be  not  less  than  9  ft  wide  and  the  room  doors 

4  ^o  4^  ft.  wide  so  that  a  cot  may  pass  them.    The  stairs,  separated  from  the  corriaor  by  glass  doors,  should  be  4H 

ffV.  ^ride  to  permit  a  stretcher  to  be  taken  down.     The  nurses'  stations  on  each  floor  will  be  perhaps  14  X  20  ft.  with 

tib«  call  desk  and  signal  service  and  the  desks  for  each  nurse  keeping  records.     The  hospital  will  be  divided  into  two 

tmits  per  floor,  shut  off  from  the  main  stair  corridor  by  glass  doors.    Each  unit  will  require  a  fully  appointed  bath 

room  and  separate  toilet,  utensil  room,  linen  closet,  and  locker  room  for  street  clothes.     The  rooms  may  be  for  single 

I»flktienta,  or  for  two  in  a  room,  with  wards  of  not  over  four  beds  as  a  maximum.     Diet  kitchens  for  each  floor  are 

required.     The  etherising  and  operating  room  should  be  near  the  elevator.     The  kitchen  and  store  rooms  in  the 

t»aa«ment  will  be  sufficient  with  dumb  waiters  to  the  several  stories,  preferably  to  the  diet  kitchens  direct.    The  other 

t»aa«ment  rooms  will  be  X-ray  room,  baking  room  and  one  or  two  photographic  rooms. 

Tho  rsteart^  hospital  will  contain  a  number  of  laboratories.  The  division  into  isolated  units  will  be  more 
frequent  than  in  the  general  boepital  and  more  single  rooms  will  be  used. 

1%Q.  College  of  Engineering. — The  class  room  building  will  be  similar  to  the 
l>uilding  for  letters  and  science.  The  same  areas  per  student  will  be  required.  Spaces  in  the 
basement  may  be  used  for  instrument  rooms,  mechanicians  shop  and  general  utility  rooms. 
Draftmg  rooms  should  be  provided  with  indirect  electric  lighting  for  evening  work.  Labora- 
tories should  be  quite  separated  from  the  academic  building,  and  for  that  reason  a  limited 
provision  for  class  rooms  should  be  made  in  some  of  the  laboratories. 

Sisam  and  Oaa  Bngine  Laboratory. — Preferably  a  long  building  about  40  ft.  wide  with  spaces  for  engines  on  both 
Bi<lee  of  a  central  aisle.  The  engine  foundations  should  be  formed  to  permit  ready  installation  and  removal  of 
engines  of  various  types.  There  should  be  a  basement  underneath,  for  supply  and  exhaust  piping,  with  ample  head 
room  under  the  piping;  also  an  overhead  electric  crane  for  moving  large  units.  Good  ventilation,  and  overhead 
liffhting  by  saw  tooth  roofs  or  otherwise,  as  well  as  efficient  electric  lighting  are  required.  The  building  should 
be  simple,  like  the  machine  room  of  a  factory. 

Enoinotring  Shops. — Similar  to  the  engine  laboratory,  but  without  a  basement.  Electric  conduits  ftre  needed  for 
individual  drives  of  machines;  also  rooms  for  wood  and  metal  working,  forging,  pattern  making,  casting  and  finishing. 

Electric  Bnginssring  Laboratory. — Similar  to  the  engine  laboratory,  without  a  basement,  but  with  a  central 
conduit  for  electric  current  nuun  wires.  Dark  rooms  for  certain  lines  of  study  are  needed;  also  laboratories  for 
testing  wires,  conduits,  lamps,  etc.,  transmission  of  current  and  electric  transmission  of  sound  in  telephones, 
telegraph,  and  the  electric  furnace. 

Mining  Bnginsorino  and  Metallurgy. — A  model  ore  dressing  equipment  and  stamp  mill  require  a  height  of 
approximately  25  ft.  The  furnaces  are  of  masonry  and  quite  heavy.  Chemical  laboratories  in  connection  will  take 
50  sq.  ft.  per  student. 

Chsnieal  Engineering  is  allied  to  the  operative  side  of  mining  and  metallurgy.  The  furnace  work  produces 
creat  volumes  of  acid  gas.  For  the  three  branches  above  noted,  it  may  be  necessary  to  provide  a  masonry  chimney 
for  gas  removal. 

MaUrials  Testing  LabonUories  for  wood,  metal,  cement,  stone,  etc.,  will  occupy  as  much  space  as  the  engine 
laboratories.    The  building  should  not  be  over  two  stories  high  and  of  heavy  construction. 

Testing  Laboratories  for  pumps,  fans,  mills,  and  automatic  machines  will  require  as  much  space  as  the  materials 
testing  laboratory. 

Hydraulic  Engineering. — ^Laboratories  should  be  provided  with  tanks  of  considerable  sise,  arranged  for  the 
study  of  water  power  under  constant  or  variable  head.     A  lecture  room  with  a  demonstration  table  is  needed. 

Marine  Engineering  and  Nasal  Architecture. — A  special  branch  of  steam  and  electric  engineering.  Separate 
laboratories  for  advanced  work  required,  similar  to  other  engineering  laboratories.  Naval  architecture  or  ship 
design  will  require  class  and  lecture  rooms,  drafting  rooms  and  model  laboratories  similar  to  other  engineering 
laboratories  and  a  model  testing  pool  of  large  sise. 

Aviation  Engineering. — The  class  and  lecture  rooms  will  be  similar  to  those  for  marine  engineering.  The 
laboratory  work  must  be  supplemented  by  field  work  involving  a  considerable  area  of  ground  and  large  shelter  sh  eds 
for  the  machinea. 

1%K  College  of  Architecture,  Art,  Music  and  Drama — Stttdioa  for  ArchiUc- 
itire, — For  the  study  of  architecture,  class  room  provisions  are  required  like  those  in  letters  and 
science — seminary  and  reading  rooms  for  sections  of  the  departmental  library  of  books,  photo- 
ip'aphs  and  plates,  and  rooms  for  models  and  casts  and  an  exhibit  room.  The  studio  rooms, 
large  and  small,  require  correct  lighting.  These  provisions  may  be  taken  as  standard  for  all 
Btudioe  in  the  college  as  regards  the  academic  or  lecture  side  of  the  various  branches  of  art. 
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Special  conditions  as  to  ceiling  height,  north  lighting  and  work  rooms  in  connection  witk 
studios  will  vary  according  to  the  special  branch*  In  connection  with  studios,  dresBing  rooam 
with  locker  spaces  are  imperative  from  the  nature  of  the  work. 

Picture  Studios. — StudioB  are  for  drawing  and  painting,  including  oil  and  water  color  work,  charooal  drav- 
ingB,  etc.  lighting  ■hould  uaually  be  obained  by  the  uae  of  high  ceilings  and  north  illumination.  Separate  txttmB 
for  elementary  and  advanced  work,  life  olaasee,  etc.,  should  be  included.  In  large  rooms  divisicm  intodeoTtiii 
desirable. 

Mural  Paintinot  Scene  Paintingt  Preeoo  AtidMM.— These  should  be  broad  and  hi^  to  a£Ford  sufBrfent 
for  ascertaining  values. 

Studios  for  Sculpture. — Rooms  are  needed  for  day  modeling,  marble  cutting  by  hand  and  power, 
molding,  plaster  casting,  reducing  and  enlarging,  bronae  casting  and  finishing.     Sculptures  at  largie  nse  reqiBt 
outside  spaces  for  experimental  mounting. 

Studios  for  House  Dtfcorotion.— These  require  spaces  for  experimentation  at  full  sise.  For  this  pmiwj—  rocBi 
which  may  be  divided  into  alcoves  10  ft.  square  are  desirable.  The  surfaces  of  the  alcoves  should  be  fitted  to  reeetvt 
color  decoration,  wall  papers,  tapestries,  etc.,  which  may  be  removed  at  will.  This  branch  of  decorative  art  indnim 
also  furniture,  hangings  and  floor  coverings. 

Deeoratise  Art  for  Buildings. — This  includes  wood  carving,  mosaic  work,  scaggUolas,  graffito,  marble,  metal  and 
glass  work. 

Arts  and  CraJts.-^ThBBe  comprise  the  ceramic  arts,  designing  and  decoration  of  objects  in  day,  chinsand  #Mi. 
small  metal  work,  jewd  grinding,  cutting  and  mounting,  and  small  wood  carving.  Power  equipment  is  ami 
sary  for  the  last  two  arts. 

lUustroHse  and  nhsminatino  Arts. — Book  Illustration  and  illumination,  the  design  and  preparation  of  platH, 
printing  blocks,  engravings,  half  tones,  photogravures  and  lithographs,  plain  and  colored,  leather  tooMnfc  book 
binding,  gilding,  etc.,  are  induded  in  this  branch. 

Posters  and  Advertisements. — Studios  for  this  branch  require  good  space  and  high  ceilings. 

PotrtraU  Photographie  Studios. — A  general  studio  is  needed  with  ample  height  and  space  with  oomplete  eeatni 
of  light,  accessory  deotrio  lighting  and  flash  light  equipment;  also  dark  rooms  for  deveiopinc,  day  liglit  asd 
electric  printing  space,  filing  BpsMe,  fir^roof,  for  materials  and  prints,  storage  rooms  for  soenio  aocessoriss.  A 
portion  of  the  space  is  arranged  with  seats  for  lecture  purposes,  arranged  to  secure  absolute  dark  for  eertain  woriu 

Music  and  Drama. — Studios  would  be  small  and  numerous,  7  X  10  ft.  area,  suited  for  the  study  of  name  isd 
oratory.  Dramatic  art,  aesthetic  dandng,  moving  picture  photography  require  good  space.  For  this  part  of  t 
building  a  system  of  heating  by  warm  air  would  obviate  the  transmisdon  of  sound  through  the  piping  inddentd  to 
steam  heating  apparatus.  The  floors,  walls,  ceilings  of  practice  rooms  should  be  insulated  by  sound  deadoiac 
material.  Care  should  be  taken  to  preserve  a  certain  resonance  in  the  individual  rooms.  For  solo,  orehestra  tad 
dramatic  practice,  rooms  of  medium  use,  20  X  28  ft.,  are  required.  Moving  picture  studios  require  safBcieBt 
length  for  proper  focusing,  ample  room  for  the  movement  of  actors.  The  photographic  work  in  oooneetaon  «il 
require  dark  rooms  0  X  10  ft.  and  printing  rooms  for  films,  etc.,  and  fireproof  storage  space. 

12t.  College  of  Agriculture. — The  general  course  in  agriculture  will  require 
laboratories  for  advanced  work  in  various  applied  sciences.  This  college  has  connection  with 
farmers,  stock  raisers,  dairymen,  and  will  hold  institutes  during  the  year  in  the  main  building. 
This  building  will  contain  the  offices  of  the  dean  of  agriculture  and  committee  rooms  for  varioos 
purposes.  The  requirements  for  lighting  and  spaces  will  be  similar  to  the  academic  buildingB 
for  letters  and  science.  In  all  other  buildings  dressing  and  locker  rooms  are  required,  computed 
as  in  the  case  of  gymnasiums. 

Laboratories  in  the  AffHcultural  CoU«00.^-8oil  study,  mainly  chemical  in  ofaaraoter  but  requirinc  1bi|b  skon 
rooms.    About  25  sq.  ft.  per  student. 

Farm  BTtgineerirnft  for  Demon^ation  and  Study  of  Machines  and  Implements.'-^¥\oor  areas  larca*  for  fassry 
loads.     A  freight  devator  required. 

Agronomy. -—The  study  of  seeds,  grains,  etc.  Storage  space  in  small  bins,  and  laboratory  rooim  for  stvdj  ^ 
seeds  are  needed.    A  space  of  20  sq.  ft.  per  student  in  laboratories  is  required. 

Z>airytna.— Butter  and  cheese  making.  The  work  is  partly  applied  chemistry.  A  machine  laboratory  ii 
needed  for  demonstration  of  methods  and  processes.  In  connection  a  fully  equipped  dairy  and  eheeee  fmctatj  on  a 
small  scale  with  ample  refrigeration  and  storage  spaces  should  be  induded.  The  product  is  usuaUy  sdd  at 
retail  so  that  a  selling  department  is  required.  The  computation  of  sises  will  require  study  of  the  equipoDSBi 
intended  to  be  installed. 

Horticulture. — There  should  be  ample  storage  spaces  specially  ventilated  and  darkened  for  fruits,  vegetablai, 
etc.  The  principal  work  will  be  on  planting,  grafting,  budding  and  trimming  of  trees,  vines  and  duds. 
There  should  also  be  a  small  laboratory  for  preparation  of  sprays,  etc.,  about  20  sq.  ft.  per  student. 

App/ied  Entomology. — For  the  study  of  insects,  noxious  and  beneficial  to  farms  and  orchards,  oattiei  ete..  sad 
in  connection,  the  art  of  bee  keeping,  with  outside  space  for  apiaries. 

Animal  Husbandry. — The  work  in  this  course  is  conducted  largdy  in  the  bcu-ns  and  fields.  Dressing  roooa 
showers  and  lockers  are  necessary,  with  a  number  of  reading  or  study  rooms  and  a  department  library.  Rseoidib 
registers,  pedigrees  of  animals,  should  be  given  fireproof  space. 
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SioeM  Panlion. — The  minimum  tiie  of  the  elliptioal  arena  for  a  etook  pavilion  is- 176  ft.  long  by  67  ft.  wide. 
"Witltiii  this  area  horaee  of  the  various  types  can  be  exhibited.  Riding,  hurdling,  etc.,  can  be  done.  The  entrance 
■hould  be  wide  enough  for  wagons.     About  this  arena  a  concrete  amphitheatre  of  ten  rows  will  seat  2600  people. 

The  other  buildings  in  this  department  will  be  for  horses,  cattle,  sheep  and  swine.  The  herds  will  not  be  large, 
bvat  the  buildings  should  follow  the  best  practice  as  to  construction  and  operation. 

IS^'.  Military  Science  and  Training. — The  buildings  for  military  science  and 
training  may  be  combined  ^here  convenient.  The  drill  hall  should  have  an  area  of  about 
4(^000  sq.  ft.,  as  nearly  square  as  convenient.  The  dimensions  of  various  drill  rooms  are  as 
follows:  196  X  200  ft.,  155  X  280  ft.,  175  X  306  ft.,  200  X  300  ft.  Smaller  armories  have 
balls:  90  X  190  ft.,  60  X  90  ft.,  75  X  105  ft. 

At  the  front  or  side  or  under  the  drill  room  should  be  showers,  toilets,  bowls.  One  or  more  rifle  ranges  are 
needed:  also  lecture  rooms  for  instruction  of  officers  and  special  corps,  office  rooms  for  the  commandant  and  staff, 

an  armourer's  work  room. 

The  difficulty  of  maintaining  a  floor  of  large  sise  will  be  minimised  by  having  no  basement  und<v  the  drill 
and  constructing  a  pavement  of  earth  or  asphaltum  directly  on  the  ground.  The  other  portion  of  the  build- 
ing niay  be  two  or  three  stories  in  height.  The  great  span  over  the  drill  room  leads  to  excessive  height,  but  the 
eonairuetion  should  be  kept  as  low  as  practicable.  Excessive  sky  lighting  is  not  desirable.  A  ratio  of  1  ft.  of 
akylii^t  to  8  or  10  ft.  of  floor  space  is  sufficient. 

Parade  grounds  should  be  as  large  as  practicable  up  to  20  acres  in  extent. 

12A;.  University  Extension. — This  department  will  offer  courses  to  persons  at  a 
distance.  The  requirements  comprise  a  number  of  working  offices  each  about  14  X  20  ft.,  with 
filing  spaces  for  documents  and  theses,  library,  and  a  book-room  space,  and  an  assembly  room  of 
200  sittings.  The  department  sends  out  package  libraries,  lantern  slides,  moving  picture  films, 
and  other  educational  matter  requiring  storage  space.  The  post  office  accommodation  will 
occupy  considerable  room  and  mail  chutes  will  be  necessary  from  the  upper  stories  of  the 
building. 

122.  Student  Help  and  Recreation. — The  buildings  under  this  head  are  the 
domiitories,  union,  and  commons. 

The  dormitory  consists  of  a  central  portion  contaim'ng  the  general  parlor  and  visiting 
rooms,  a  post  office  room.  The  proctor  or  matron  has  a  suite  in  the  central  portion.  The 
remainder  of  the  building  contains  the  dormitory  rooms  10  X  14  ft.  for  single,  12  X  14  ft.  for 
double  rooms.  For  one  person  in  two  rooms  the  l>edroom  is  7  or  8  X  14  ft.  and  the  study 
10  X  14  ft.  For  two  persons  in  three  rooms,  another  bedroom  is  added.  Each  bedroom 
contains  a  closet.  Toilet  and  shower  rooms  are  located  on  each  floor.  For  women  a  certain 
number  of  bath  tubs  is  added.  The  basement  contains  rooms  for  trunks  and  storage,  dining 
and  serving  rooms  and  kitchen. 

Dormitory  quadrangles  at  some  uniyersities  enclose  a  court  accessible  only  to  students.  The  dormitory  units 
may  be  small,  of  about  24  rooms  in  three  stories,  or  larger  containing  60  rooms  per  story.  The  larger  units  are  less 
•jq^ensive  to  build,  but  the  smaUer  ones  offer  opportunity  for  individual  donations  of  reasonable  amount. 

The  commons,  where  meals  are  served,  may  take  any  convenient  form.  At  the  Harvard  Memorial  the  dining 
room  is  quite  large.  In  other  oases  the  space  is  divided  into  several  dining  rooms.  Cafeterias  may  be  installed  at 
■everal  points,  all  served  from  a  central  kitchen.  For  dining  spaces  16  ft.  per  person  is  ample.  Serving  rooms  espe- 
eially  for  cafeterias  should  be  long  and  narrow,  open  on  the  front  as  in  public  cafeterias.  Some  room  is  gained  by  the 
uae  of  balconies  for  dining  space.     The  central  kitchen  will  require  space  similar  to  what  is  common  in  hotels. 

The  union  or  clubhouse  contains  pcu'lors,  social  rooms,  smoking  rooms,  game  rooms,  billiard  tables,  bowling 
alleys,  committee  and  sodety  rooms  and  headquarters.  It  may  have  an  assembly  hall  with  or  without  a  theater 
stage.     It  may  contain  a  trophy  room  for  prises  taken  in  athletic  contests. 

12m.  Sports  and  Athletics. — University  athletics  comes  under  several  heads. 
Indoor  gymnasium  class  work,  Individual  work,  Corrective  work,  Games,  and  Running. 

The  indoor  work  b  done  in  the  gymnasium  and  game  rooms.  Athletic  education  and 
development  is  constantly  changing,  but  the  regular  equipments  and  spaces  are  stUl  maintained 
in  good  measure.  The  minimum  floor  area  for  a  standard  gymnasium  is  determined  by  the 
standard  dimensions  of  a  basketball  field.  These  are  90  ft.  long  between  goals  by  55  ft.  wide. 
The  space  on  the  side  lines  should  be  at  least  3  ft.  and  at  ends  6  ft.  Outside  of  this  area  spaces 
for  bleachers  are  needed.  The  space  per  sitting  on  a  bleacher  is  20  X  27  in.  A  gymnasium 
room  should  be  computed  on  the  basis  of  50  sq.  ft.  per  person. 
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The  running  track  should  give  1 1-ft.  head  room  underneath.  The  traok  is  6  ft.  wide,  oireular  »t  the  eodi  ts^ 
should  be  of  such  length*  measured  on  the  line  of  travel,  that  a  certain  number  of  laps  will  malce  a  mile.  Tl«  Imt 
is  banked  sharply  around  the  ends,  diminishing  as  the  curve  meets  the  side  runs.     The  usual  banking  ie  IH  ft-  at  ti)| 

high  point.     Around  the  edge  of  the 
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koom  j— 
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ROOM 


DRV  ING  ROOM 


MCN*  8  LOCKER  ROOM 
14M  LOCKERS 


WOMEN'S  LOCKER  ROOM 
•76  LOCKERS 


FIRST  FLOOR  PLAN 


ning  track  is  a  railing,  the  spaces  bdvKt 
posts  filled  with  smooth  wire  acttiai, 
Care  is  taken  to  have  no  projeeting  knol^ 
or  points  about  the  railing.  In  some  g|r» 
nasia.  a  single  row  of  seata  m  placed « 
the  running  track  balcony  inside  the  ordi 
of  the  track,  overlooking  the  haskftfafl 
field. 

Gymnasium  rooniB  are  from  40  X  0 
ft.  for  a  small  Y.  M.  C.  A.  to  60  X  90  ft 
as  a  standard  and  75  X  120  ft.  for  s  hrfe 
gymnasium.  The  story  heisht  is  from  It 
to  22  ft.  The  entranoea  and  stain  hj 
be  at  one  or  preferably  both  ends.  Adjt- 
cent  to  these  are  the  director's  offiee,  sj^ 
paratus  store  rooms,  locker  and  sbi 
rooms  for  visiting  teama  and 
and  toilets  for  both  aezea.  Where  tfe 
gymnasium  is  used  for  women  as  wd  ■ 
men,  locker  and  shower  rooms  mwt  be 
duplicated.  ToUets  should  be  at  the  rate 
of  one  to  twenty  students,  based  oa  thi 
number  in  any  class. 

The  swimming  pool  may  be  und  ii 
turn  by  both  sexes.  The  approacha 
should  be  well  separated  to  avoid  coofa- 
sion.  Between  the  dressing  rooms  sad 
the  pool,  the  shower  rooms  will  intenrcae. 
Men's  shower  rooms  are  quite  opeo,  the 
shower  heads  being  along  the  aides  of  tke 
room.  Women's  showers  most  be  pro- 
vided with  individual  stalls  with  diisiiin 
SECOND  FLOOR  PLAN  staUs  4  X  4  ft.  in  sise.     Looketa  shoaid 

Fios.  4  and  6. — Suggestion  for  large  college  or  university  gymnasium,  not  be  placed  in  theee  stalls  but  in  s 

separate  room.  WHiere  the  number  cf 
students  is  quite  large  a  system  of  wire  baskets  12  in.  wide,  12  in.  high  and  15  in.  deep  to  contain  gymnasium  suiGi 
is  economical.  In  this  case  lockers  for  the  number  of  students  in  the  classes  at  any  hour  will  be  sufficient,  or 
at  most  double  the  number  so  as  to  permit  one  class  to  dress  while  another  is  on  the  floor.  The  locker  wire  baskcti 
are  stored  in  racks  in  a  basket  room  with  an  attendant.  The  rack  system  will  accommodate  three  times  as  mss} 
students  as  the  individual  locker  system. 

Shower  stalls  should  be  enclosed  in  separate  rooms  to  prevent 
steam  from  entering  the  locker  and  dressing  rooms  and  swimming 
pool  room.  The  ventilation  of  the  rooms  is  difficult  so  that  a  blast 
fan  system  is  desirable.  The  exit  vents  should  be  placed  near  the 
ceiling,  with  other  valved  openings  near  the  floor.  Some  form  of  vent 
hood  having  strong  suction  power  should  be  placed  on  the  exhaust  to 
operate  when  the  fans  are  not  running. 

Game  rooms  20  X  40  ft.  for  hand  ball,  volley  balls,  squash, 
etc.,  must  be  plain,  well  ventilated  and  lighted.  The  number  of 
these  will  depend  on  conditions,  but  it  is  well  to  be  conservative 
about  introducing  too  many. 

Corrective  gymnastics  require  moderate  sised  rooms  similar  to 
game  rooms. 

Stadia  and  Baaeball  Bleacher: — The  standard  dimensions  of  a 
football  field  are  300  ft.  long  between  goals  and  160  ft.  wide.  The 
running  track  is  outside  of  this  area.  The  length  is  1320  ft.  around 
the  track  for  a  quarter  mile  track  measured  at  one  foot  from  the 
inside.  The  width  of  the  track  is  20  ft.  The  straight  away  leads  off 
from  one  side.    The  front  rail  of  the  stadium  is  about  65  ft.  from  the 

outside  of  the  running  track.  In  front  of  the  rail  is  the  band  platform  64  X  20  ft.  and  a  row  of  players* 
The  stadium  is  constructed  of  wood,  steel  or  concrete,  usually  in  the  form  of  a  horse  shoe  or  open  ellipae.  to  allow 
sun  and  wind  to  enter.  The  dimensions  of  the  seats,  etc.,  are  described  under  grandstands  in  State  Fair  Parb. 
p.  733.  At  the  top  of  the  stadium  a  space  for  the  reporters'  stand  is  desirable.  The  entrances  and  exits  of  the 
stadium  will  be  placed  as  most  convenient  and  must  be  adequate  for  large  gatherings. 


A  •  Jeg-15  fe«t  per  sec. 
Ji.H  nlle -22  fe«t  per 
C  -  M  Bile  -20  feet  per  •< 
/>-  UO  yard  •  30  XmC  per 


Fio.  6. — Theoretical  angles  for  a  ronninc 
radius  of  25  feet. 
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1*he  baaebaU  grandstand  is  shaped  along  two  sides  of  a  right  angle  parallel  to  the  ball  field  and  about  60  ft. 
trom  it.  It  may  be  two  stories  high.  The  front  is  screened  with  wire  netting  to  prevent  accident  from  stray 
JwiagrbiJIs.  They  are  constructed  of  steel,  for  large  stands,  and  have  the  usual  dimensions  per  sitting.  Chairs  are 
employed  to  decrease  the  elevation  of  the  stand  which  is  formed  with  banks  to  afford  a  perfect  view  of  the  field  from 
sU  points.     The  baseball  diamond  is  90  X  90  ft.  and  the  playing  field  300  X  300  ft. 

Fieid  Bou9e9. — Where  the  grandstand  does  not  give  space  for  dressing  rooms,  etc.,  a  field  house  is  necessary  for 
the  teams.  A  foot  ball  eleven  or  a  baseball  nine  may  include  an  equal  number  of  substitutes  so  that  space  for 
18  to  22  men  on  each  team  should  be  provided.  Dressing  rooms,  a  shower  for  each  four  men,  two  closets,  urinals 
snd  bowls  for  each  team  are  adequate.  The  fixtures  should  be  arranged  to  drain  out  in  winter.  A  separate 
besttii&K  apparatus  is  necessary,  where  steam  cannot  be  brought  from  a  neighboring  plant.  An  emergency  room 
Is  reQ%iired.     A  women's  field  house  requires  individual  dressing  stalls,  shower  stalls,  etc. 

The  usual  water  sports  at  a  university  are  swimming,  canoe  paddling,  shell  racing,  skating,  ice  hockey.     For 
thrau,  a  shore  bath  house  and  a  boat  house  are  necessary. 

The  bathhouse  will  cover  a  good  number  of  dressing  stalls  4  ft.  wide  by  6  ft.  long  as  a  maximum,  furnished  with 
locked  doors  opening  upon  an  aisle  5  to  6  ft.  wide.  A  water  tap  and  foot  tub  in  each  stall  is  desirable,  and  a  number 
of  hooks  for  clothes  and  towels.  Life  lines  and  safe  limit  marks  are  necessary  to  this  sport.  The  boat  house,  for 
rowboats  and  canoes  will  be  arranged  in  units  about  17  ft.  wide,  with  canoe  racks  3  ft.  6  in.  wide  by  2  ft.  high  on 
each  aide  oi  a  center  aisle  8  ft.  wide.  Each  unit  should  have  a  doorway  on  the  center  aisle  leading  to  the  platform. 
lO  f  1.  wide,  and  an  apron  extending  to  the  water  and  furnished  with  rollers.  Between  each  apron  a  landing  pier 
3  ft.  wide  extends  perhaps  60  ft.  into  the  water.  A  boat  keeper's  room  with  a  pay  counter  is  required.  In  tome 
plaoes  a  aleeping  room  is  necessary.  In  connection  with  the  boat  house  a  life  saving  power  patrol  boat  is  necessary. 
It  is  an  error  to  locate  passenger  boat  landings  in  dose  proximity  to  a  boat  house  or  bath  house.  The  congestion 
due  to  discharge  of  passengers  and  the  danger  of  running  down  small  boats  or  swimmers  is  a  serious  objection  to  the 


Winter  sports,  such  as  skating,  skate-sailing,  ice  boating,  and  games  on  the  ice  may  be  accommodated  by  the 
bathhouse  building,  especially  if  it  can  be  warmed.     For  evening  skating,  electric  light  poles  at  reasonable  intervals 
try.     The  skating  areas  should  be  marked  with  flags  or  otner  signs  to  prevent  accidents. 


12n.  AdministratioiL — ^The  president's  suite  comprises  a  general  office  perhaps 
16  X  24  ft.,  a  private  office  and  stenographer's  room.  The  r^istrar  requires  a  considerable 
office,  16  X  40ft.,  with  a  counter  for  ordinary  business;  a  private  office  for  consultation, 
private  stenographer's  room,  general  stenographer's  room  for  about  six  persons,  a  record  and 
filing  room  10  X  24  ft.  or  larger,  for  student  records,  bulletins,  catalogues,  etc. 

The  offices  of  the  deans  are  usually  located  in  the  main  building  of  their  college,  and  consist  of  a  general  office 
perhaps  20  X  24  ft.,  a  private  office  14  X  20  ft.  and  a  stenographer's  room. 

The  offices  of  the  business  manager  and  staff  will  comprise  a  general  office  16  X  24  ft.,  private  office  12  X  16  ft.. 
and  stenographer's  room  12  X  16  ft.,  and  the  regents'  or  trustees'  meeting  room  20  X  32  ft.,  and  ante-rooms  14  X  20 

ft. 

The  bursar  will  require  a  business  office  16  X  40  ft.  with  counter  and  private  office,  accountants'  business 
office  of  about  the  same  sise,  with  paymastei  's  counter.    The  purchasing  agent  will  need  about  the  same  space. 

Service  Building. — The  maintenance  and  repair  of  buildings  and  grounds  requires  a  building  of  about  25,000 
•Q.  ft.  of  floor  space.     The  building  should  have  a  freight  elevator. 

Central  Heattng  Station. — The  central  heating  station,  of  four  or  five  thousand. horse  power  capacity,  will 
require  about  15.000  sq.  ft.  of  area  for  boilers,  engines,  dynamos,  etc.  A  plant  of  these  dimensions  must  be  designed 
by  a  hisating  engineer. 

13.  Normal  Schools. — ^The  typical  normal  school  comprises  courses  in  general  education 
and  pedagogy.  In  connection  with  this  there  is  required  a  training  school.  Certain  schools 
specialize  on  particular  branches  of  education. 

There  will  be  required  buildings  for 

(a)  General  education  and  pedagogy,  including  library  and  assembly  hall. 

(b)  Training  or  practice  school  including  kindergarten, 
(e)  Gymnasium  with  pool. 

(d)  Central  heating  station. 

(<)  Dormitories. 

(/)  Buildings  for  special  branches,  such  as  (1)  agriculture.  (2)  manual  training  and  (3)  music  and  art. 
The  main  building  will  be  somewhat  similar  to  a  modern  high  school  building  of  the  first  class.  The  training 
•ehod  will  be  similar  to  a  grade  school,  with  some  high  school  rooms.  Beside  these  there  will  be  a  series  of  rooms 
to  be  used  as  observation  rooms  by  students  in  pedagogy.  These  open  into  class  rooms.  The  gymnasium  and 
heating  station,  dormitories  and  other  buildings  noted  will  be  similar  to  the  same  type  of  buildings  at  universities, 
but  adapted  in  capacity  to  the  attendance  usual  at  normal  schools. 

14.  Public  Schools.^ — Public  schools  in  America  may  be  classed  as  rural  schools,  grade 
schools  and  high  schools. 

>  060  also  ohaptsr  on    School  Planning." 
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Rural  Schools. — The  one-teacher  rural  school  building  contains  a  single  class  room  of  standard 
23  X  32  ft.  with  cloak  rooms  adjacent.  Such  a  building  will  accommodate  40  pupils.  The  window  Kf^*img  j,  ^ 
one  side  of  the  room  only.  Heating  is  done  by  a  jacketted  stove,  connected  to  a  duet  which  admits  fresh  wsnari 
air  to  the  building.  A  vent  duct  adjacent  to  the  smoke  flue  carries  away  the  foul  air.  Provide  aepante  Amk 
rooms  for  bo3rs  and  girls,  a  fuel  closet  and  book  closet.  In  the  best  buildings  of  this  class  the  basement  m  cxeavatod 
for  a  furnace,  and  inside  toilets  are  provided  for  both  sexes.  The  remainder  of  the  basement  space  may  be  "^  ■■« 
play  room  in  severe  weather. 

The  two-teacher  room  represents  the  usual  limit  of  the  rural  school  house  development.  This  eoataim  tvo 
class  rooms  and,  in  the  best  examples,  a  library,  lunch  room,  toilets  for  both  sexes,  domestio  science  ff»*d  w>^,»^ 
training  rooms.  In  some  examples  the  two  class  rooms  may  be  thrown  together  for  special  occasions,  by  w— «■  of 
multiple  doors  or  sliding  wood  curtains.  One  and  two-teacher  school  buildings  sometimes  serve  the  commmiiky 
for  social  purposes.  Where  the  school  is  isolated,  so  that  to  go  from  a  boarding  place  to  the  school  house  in  wistv 
would  be  a  hardship,  two-teaoher  schools  are  arranged  with  an  upper  story  divided  into  a  small  apartment  to  be 
occupied  by  the  teachers.     In  other  examples  a  cottage  is  built  near  the  school  house. 

These  buildings  are  of  frame  construction  or  of  brick,  hollow  tile,  or  stone  masonry  according  to  eooditkw 
The  requirements  for  ventilation,  1200  to  1800  ou.  ft.  per  person  per  hour  measured  at  the  vent  duet,  aadaf 
window  lighting  (1  ft.  of  glass  to  5  or  6  sq.  ft.  or  floor  area),  and  of  exits,  and  the  separation  of  sexes  apply  to  thw 
buildings.     In  the  case  of  state  aid  schools  these  requirements  are  imperative. 

Grade  Schools  and  High  Schools. — The  standard  primary  and  grade  school  building  is  from  two  to  three  storia 
high  and  contains  six  to  nine  class  rooms  on  each  floor  for  buildings  in  citios.  A  gymnasium  and  aasemUy  hsll  src 
usual  accessories.  Domestic  science  and  manual  training  rooms  are  commonly  provided,  as  well  aa  play  nxaa 
Toilets  are  located  in  the  basement  or  ground  floor.  The  buildings  are  frequently  symmetrical  about  an  sn. 
with  the  gymnasium  and  assembly  hall  in  the  rear  court.  The  class  rooms  are  of  the  standard  dimensions,  23  X  33 
ft.  or  affording  16  to  18-ft.  area  for  each  person,  with  a  ceiling  height  of  12  ft.  Main  corridors  are  from  10  to  14  ft 
wide.  Glass  areas  equal  to  one-fifth  to  one-sixth  of  floor  areas  are  required.  Stairways  and  exits  at  or  near  to 
each  end  and  central  stairways  in  addition  are  usually  provided.  The  buildings  are  heated  by  steam  and  proviM 
with  mechanical  ventilation  affording  from  1200  to  1800  ou.  ft.  per  person  per  hour.  Lat«-  buUdings  of  tha 
type  are  fir^roof .  Fireproof  corridors  at  least  are  required  in  two  story  buildings  in  most  states.  In  othen  Ux 
first  floor  must  be  fireproof.  The  roofs  are  usually  of  timber  construction.  Risers  in  stairs  may  vary  from  6  ia. 
high  by  11  in.  in  grade  schools  to  7  in.  high  by  11  in.  wide  in  high  schoola  Stairs  and  corridor  floon  tn 
frequently  finished  in  terrasso.    The  same  style  of 'floor  finish  is  employed  in  toilet  rooms. 

Class  rooms  commonly  have  a  wood  floor  finish,  maple  being  preferred,  laid  upon  the  concrete  floor,  and  fMt- 
ened  to  nailing  strips  spaced  about  16  in.  on  centers.  Such  floors  may  be  given  a  durable  finish  by  a  flowing  eost 
of  linseed  oil  with  a  small  amount  of  turpentine,  applied  to  the  wood  while  at  a  boiling  heat,  and  the  sixrplui  re- 
moved after  12  hr.     Basement  floon  are  left  to  show  a  finish  surface  of  concrete. 

The  toilet  provisions  for  schools  comprise  individual  closfts,  one  for  15  to  20  female  and  one  for  20  w>flif 
scholars,  with  one  urinal  for  20  males,  wash  basins,  one  for  30  scholars,  and  bubble  fountains,  two  on  each  flow, 
with  one  additional  for  each  100  scholars.  Schools  having  a  gymnasittm  provide  separate  tcniets  and  shower  bst& 
stalls  computed  on  the  number  in  gymnasium  classes. 

Ventilation  of  school  buildings  may  be  done  by  gravity,  with  window  inlets  for  fresh  air;  by  blast,  with  frcdi  air 
warmed  by  steam;  by  redroulation  and  air  washing.  The  first  is  the  least  expensive  and,  where  practicable,  tuAr 
satisfactory.  The  second  is  the  most  common  in  large  bmldings.  The  third  is  the  most  coetly  for  <t»«*«n|i,^«« 
but  most  economical  of  coal  and  most  healthful  and  agreeable. 

The  most  recent  development  is  the  one  story  school  building  about  a  court.  Portions  of  these  seboob  aiv  t«« 
stories  in  height.  The  different  units  are  connected  by  covered  walkways  or  enclosed  oorridois.  The  pl^w  neei^ 
tates  considerable  areas  of  ground,  but  not  greatly  in  excess  of  the  ordinary  arrangement. 

16.  Fair  Park  Buildings  and  Grounds. — The  design  of  a  fair  grounds  concerns  the  manage- 
ment  of  large  gatherings  of  people  and  their  direction  and  transportation  in  considerable 
masses.  The  exhibition  period  is  short  so  that  the  values  must  be  obtained  quickly.  Every- 
thing that  will  simplify  and  facilitate  the  conduct  of  the  enterprise  is  important.  Among  the 
things  to  avoid  are  congestion,  discomfort,  useless  effort  on  the  part  of  visitors,  and  needles 
expense  to  the  exhibitors.  Classification  of  kindred  exhibits  is  desirable  and  the  location  of 
the  most  popular  in  a  suitable  place.  A  general  design  should  cover-  all  matters  of  trans- 
portation entrance,  exit,  circulation  within  the  enclosure  by  walks  and  drives,  architectural  treat- 
ment, landscape  work,  exhibit  fields,  amusement  spaces,  buildings  for  administration,  exhibits, 
catering,  amusements,  public  comfort  and  service.  It  should  be  supplemented  by  an  engineo^ 
ing  design  covering  all  underground  work,  surface  drainage,  lighting,  power,  fire  protectian, 
water  supply  and  waste  and  sanitation. 

Transportaiion  and  Entrance. — The  entrance  should  be  at  the  point  most  easily  reached  by  transportatioe 
facilities,  street  cars,  automobiles  and  the  like.  There  should  be  a  large  unloading  space  capable  of  hoklio<  • 
number  of  street  cars  at  once,  planned  to  unload  and  take  on  passengers  without  obliging  them  to  cross  tracks  or  to 
stand  in  streets  open  to  traffic.     Automobile  stands  should  be  separated  from  street  car  stations.     This  dsss  U 
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^■^ttsportation  may  properly  approach  the  groundB  at  a  subordinate  entrance  or  at  some  point  as  near  to  the  main 
^'^^'iknoe  as  convenient.  Considerable  space  should  be  afforded  for  discharging  passengers.  A  separate  area  for 
I^^rkins  can  should  be  provided  so  that  the  space  about  the  entrance  will  not  become  congested.  The  entrance 
*^*^  frei^t  trucks  and  railway  cars  should  be  at  another  point  on  the  grounds.  The  main  entrance  should  be 
marked  by  a  structure  of  more  or  leas  spectacular  appearance,  sufficient  to  indicate  the  place  of  entry  and  to  carry 
^^oorations  of  flags,  lights  and  placards.  The  actual  gateways  may  extend  considerably  beyond  the  space  covered 
t> V  auoh  a  structure. 

i>rtset  and  Waik9. — It  has  been  the  policy  to  limit  the  use  of  automobiles  within  the  fair  enclosures.  Drives, 
briclces  and  gatewasrs  must  be  designed,  however,  with  reference  to  supporting  the  weight  of  cars  and  affording 
mdequaie  room  for  turning  and  passing.  Wherever  possible,  steps  and  sharp  inclines  in  walks  must  be  avoided 
^Hrli«re  large  crowds  are  customary. 

The  enclosure  of  the  fab  grounds  should  be  made  sufficiently  difficult  to  prevent  climbing. 
BuUding  Deaign. — As  a  general  nde  of  {banning,  one  story  buildings  should  be  considered.     A  few  structures 
of  Kood  height  should  be  included  for  spectacular  effect,  but  the  upper  portions  have  but  little  value  for  exhibits.'^ 

IhMie  Comfort  Stations. — At  various  points  on  the  grounds  public  comfort  stations  should  be  installed.  The 
fir»t  units  should  be  designed  so  that  considerable  additions  may  be  made,  perhaps  to  three  or  four  times  their 
ori^na]  sise.  Stations  intended  for  both  sexes  should  be  given  particular  attention  as  to  approach.  It  is  hardly 
prskoticable  to  provide  the  number  of  units  customary  in  permanent  buildings,  but  at  least  one  toilet  to  250  persons 
Bhould  be  installed  in  the  locations  most  commonly  congested.  This  would  give  service  to  one  person  in  twenty  per 
liour. 

Band  Stands. — ^The  ordinary  band  stand  should  be  about  200  sq.  ft.  in  area  for  a  band  of  twenty  pieces  and 
sliould  be  elevated  sufficiently  above  the  ground. 

AdminiHration  Building. — The  business  of  carrying  on  the  fair  should  be  located  near  to  the  entrance.  The 
b^iilding  should  be  of  permanent  character  and  should  have  fireproof  record  rooms  for  documents.  Beside  a 
general  business  office,  there  should  be  a  committee  room  of  good  sise,  and  offices  for  each  department  of  the  exhibi- 
tion. The  building  will  be  used  considerably  during  the  year  and  should  be  heated,  lighted  and  provided  with  the 
regular  equipments  of  an  office  building. 

Service  BuMinga.-^The  care  of  the  grounds  during  the  exhibition  period  and  at  other  times  requires  a  building 
for  the  superintendent  and  his  corps  of  men.  It  is  generally  necessary  for  the  superintendent  to  live  on  the  grounds 
a^  least  during  the  summer  and  in  some  cases  the  entire  year.  The  building  should  provide  quarters  for  a  family 
sknd  a  number  of  dormitories  for  workmen.  The  barns  should  be  ample  and  capable  of  future  expansion.  Sheds 
for  mowers,  rollers,  concrete  mixers  and  garden  implements  should  be  conveniently  near.  A  service  yard,  paved 
^rith  concrete  or  macadamised,  is  desirable. 

Oreenhouaea.^A  fully  appointed  fair  grounds  woiild  include  a  series  of  propagating  pits  for  starting  annuals 
mMui  for  protecting  ornamental  plants  in  a  severe  climate. 

CnOing  Yard. — An  encloeiu'e  for  storing  crates  will  save  considerable  expense  to  exhibitors  and  will  keep 
tJhe  grounds  in  good  order  during  the  exhibit  p<sriod.     A  portion  of  it  at  least  should  be  roofed  over. 

Power  Stotum.— Where  electric  current  for  light  and  power  is  accessible,  as  from  the  power  lines  of  the  electric 
railway,  it  is  usually  preferable  to  buy  the  current.  The  fair  period  is  of  such  short  duration  that  the  investment 
and  maintenance  of  a  power  station  is  unwarranted  where  reasonable  rates  of  purchase  can  be  had.  The  computa- 
tion of  current  required  would  determine  the  capacity  of  a  power  station  in  other  cases.  The  building  would 
need  to  be  of  permanent  materials  designed  with  special  reference  to  keeping  the  equipment  in  good  condition 
during  the  idle  period,  as  well  as  to  providing  a  reasonable  working  space  during  operation. 

Race  Tracks  and  Orand  Stands. — The  vogue  of  horse  racing  is  not  what  it  has  been  in  the  past,  the  interest  in 
maohine  racing  having  taken  its  place  to  some  extent.  In  any  event  a  grand  stand  of  large  dimensions  is  usually 
necessary  to  fair  grounds. 

The  concrete  grand  stand,  or  one  constructed  of  steel,  is  the  only  safe  structure  for  the  purpose.  Temporary 
srand  stands  can  be  maintained  for  about  eight  years  if  constantly  inspected  and  thoroughly  repaired.  The 
danger  of  fire  and  collapse  are  always  present  with  a  wooden  structure,  and  only  the  most  rigid  inspection,  renewal 
and  policing  will  make  one  measurably  safe. 

A  grand  stand  of  reinforced  concrete  or  of  structural  steel  and  concrete  involves  a  large  expenditure,  but  in 
some  oases  the  ground  space  underneath  can  be  utilised  for  exhibits.  Upper  spaces  have  no  value  of  this  kind.  A 
oonorete  grand  stand  costs  from  $0.50  to  $15.00  per  seat,  in  the  ordinary  case,  where  the  seats  are  left  uncovered. 
^  The  seats  are  arranged  in  steps  about  17  in.  in  height,  where  the  step  forms  the  seat,  or  from  8  to  14  in.  where  plank 
seats  are  provided,  supported  on  brackets.  The  latter  plan  is  superior  as  requiring  less  total  height  and  being 
easier  of  access.  The  usual  width  of  the  steps  is  23  to  26  in.  In  any  case  a  plank  seat  about  1 1  in.  wide  is  necessary 
for  comfort.     Chair  bodies  are  preferable  to  planks. 

Entrance  to  the  grand  stand  may  be  made  at  several  points.  A  broad  walkway  is  required  between  the  grand 
stand  and  the  track,  from  which  steps  lead  to  the  rows  of  boxes.  Where  entrance  to  the  stand  is  from  the  front,  no 
other  proviuon  is  required.  Entrance  from  the  back  may  be  made  by  walkways  under  the  stand  extending  to 
the  front  on  the  ground  level,  or  by  inclines  leading  to  the  higher  levels  and  entering  the  stand  through  archways. 
Restaurant  Buildings. — The  lunch  counter  is  the  normal  fair  grounds  restaurant,  compared  witn  which  all  other 
types  are  at  a  disadvantage.  Waiter  service  is  in  considerable  use,  however.  The  buildings  are  usually  of  frame 
construction  and  one  story  in  height.  The  area,  outside  of  the  kitchen,  will  not  exceed  15  sq.  ft.  per  person.  The 
kitchen  is  much  reduced  in  area  over  the  usual  restaurant  kitchen  and  will  contain  the  range,  vegetable  cooker, 
^up  kettles,  work  table,  steam  table,  refrigerator  and  store  pantry. 

\       Concessionaires  Buildings. — These  are  structures  for  the  sale  of  small  objects.     They  are  generally  open  on 
the  sides  and  front,  with  wooden  shutters  ior  closing  at  night. 
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Exhibit  BuUdinifs. — Tbe  principal  exhibits  at  a  state  fair  arc:  farm  machinery,  other  machinery, 
automobiles,  trucks,  tractors,  vehicles,  fruits,  vegetables,  grains,  dairy  products  and  animals, 
second  stories  are  worthless  for  exhibit  spaces.  The  ordinary  visitor  will  not  go  up  to  a  second  story  at  all. 
seldom  to  a  gallery.  The  floors  of  the  buildings  are  marked  off  into  convenient  units  called  booths  with  aislre 
tween  for  visitors.  Ample  daylight  is  necessary  and  electric  lighting  fat  evening  use.  A  small  bosii 
provided  at  some  point.  Sky  lighting  is  necessary  in  the  usual  case.  The  area  of  glass  surface  in  these  bwifcliap 
should  be  not  less  than  1  ft.  to  3  ft.  of  floor  area.  Buildings  for  the  exhibit  of  animals  differ  from  othen  in  thu 
great  attention  must  be  paid  to  sanitation,  and  there  must  be  provision  for  feeding,  watering  and  protectiog  tk^ 
animals  from  injury  and  disease. 

16.  Expositions. — The  designing  of  world's  expositions  is  affected  by  the  same  proble&i 
as  with  state  fairs,  but  on  a  greatly  magnified  scale.  There  is  opportunity  for  architectani 
effect  not  possible  with  the  smaller  enterprise.  Otherwise  no  essential  difference  obtaiia. 
The  same  elements  go  to  make  up  the  ultimate  result.  There  is  the  spectacular  field,  the 
exhibit  field  and  the  field  of  amusement.  Accessory  to  these  are  the  fields  of  states  and  foidgii 
countries.  The  same  problems  of  administration,  transportation,  circulation,  public  comfoi^ 
sustenance,  safety  and  police  protection  obtain. 

17.  Park  Buildings. — Parks  are  of  two  types.  The  grand  park  will  contain  plant  boifieB 
of  large  size  for  palms  and  other  exotics.  Beside  this  there  will  be  the  animal,  bird  and  reptSt 
houses,  aquarium  buildings  and  outside  spaces  in  connection,  completing  the  zoological  ganka, 
a  refectory  of  considerable  size,  public  comfort  buildings,  boat  houses  and  landings  and  waiting 
rooms  at  transportation  terminals.  The  service  buildings  will  be  the  central  heating  statioi, 
the  administration  building,  gardeners'  cottages,  bams,  sheds  and  greenhouses. 

The  small  park  will  contain  buildings  for  amusements  such  as  a  gymnasium  with  dressing  rooms  for  men  tai 
women,  dancing  rooms,  game  rooms,  a  simple  theater  stage,  lecture  and  reading  rooms.  Adjacent  to  it  or  in  ear 
neotion  will  be  the  bath  building  with  showers,  indoor  swimming  pool,  open  air  swimming  and  wading  pools.  I%j>- 
ing  fields  will  be  provided,  baseball  and  children's  playgrounds  fitted  with  swings  and  other  amusement  apparalaa 
Picnic  grounds  provided  with  concrete  camp  fire  places  are  common  in  the  best  parkA. 

18.  Theaters  and  Music  Halls. — The  theater  for  the  drama  and  opera  consists  of  an  ancfi- 
torium  having  a  pitched  or  slanted  floor,  usually  one  or  more  galleries,  and  a  series  <^  private 
boxes  at  each  side  of  the  proscenium  arch.  The  orchestra  pit  in  front  of  the  stage  is  depresBol 
sufficiently  to  avoid  blocking  the  view.  The  entrance  or  foyer  contains  the  box  office  and  doik 
and  toilet  rooms  for  both  sexes.  The  seating  capacity  varies  from  800  in  small  theaten  to 
2000  in  those  of  average  size  and  3300  for  large  theaters. 


The  Stage. — The  proscenium  opening  should  be  of  such  width  as  to  leave  at  each  side  a  space  on  the 
about  one-third  as  wide  as  the  proscenium.  The  height  of  the  stage  to  the  gridiron  should  be  at  least  2  ft,  more  tba 
twice  the  height  of  the  proscenium  opening.  The  gridiron  or  rigging  loft  consists  of  a  series  of  beams  spaced  eks^r 
together  by  which  the  pieces  of  scenery  may  be  supported.  It  should  have  a  walkway  and  service  stair  on  csd 
side  of  the  stage.  The  head  room  above  the  gridiron  should  be  7  ft.  Under  the  stage  a  working  space  is  reqnirad 
not  less  than  8  ft.  high.  The  floor  of  the  stage  is  constructed  of  members  parallel  to  the  proscenium  so  constmetad 
as  to  permit  easy  removal  or  change  of  parts.  In  this  a  regiilar  numb^  of  traps  are  framed  out  and  covered.  The 
trap  mechanism  resembles  a  short  elevator,  counterbalanced  and  formed  with  a  platform  to  permit  raisinf  cr 
lowering  at  will.  At  the  back  or  one  side  a  large  doorway  is  needed  to  receive  scenery  and  properties.  A  series  eT 
dressing  rooms  of  small  sise  and  two  large  dressing  rooms  are  necessary.  The  electric  switch  cabinet  is  ptsecd  st 
one  side  of  the  stage  to  control  the  stage  and  auditorium  lights.  A  large  ventilator  to  oarry  off  smoke  and  gsss  ia 
case  of  fire  is  now  required  on  all  stages. 

The  Auditorium. — The  building  codes  usually  require  36  in.  of  opening  in  exits  per  hundred  seats.  Theenli 
are  required  to  be  distributed  at  fairly  even  distances  about  the  auditorium  and  to  be  marked  by  signs,  lights,  e(c 
The  height  of  the  ground  floor  above  the  public  streets  adjacent  is  usually  not  over  3  ft. 

Theater  seats  are  regularly  19,  20,  21  and  22  in.  wide.  Minimum  spacing  2}i  ft.  back  to  back,  and  average  2H 
ft.  Seating  space  in  theaters  is  computed  at  6  to  8  sq.  ft.  per  person  including  aisles,  with  7  sq.  ft.  on  curves.  T%t 
ideal  width  of  theaters  is  about  75  ft.,  the  height  55  to  00  ft.  above  the  stage  or  3H  ft.  more  above  the  floor  Ictd, 
proscenium  width,  not  over  40  ft.,  and  stage  depth  not  over  60  ft.  The  pitch  of  the  main  floof  and  balcosia  ii 
graduated  to  secure  a  uniform  view  of  the  stage  from  all  points. 

Theater  Scenery. — A  minimum  complement  of  scenes  for  a  very  small  theater  would  be,  one  exterior,  one  is- 
terior,  one  street  scene  and  one  "  cut  wood  scene,"  all  with  proper  wings  and  sky  borders,  one  set  of  *' UMmestcn" 
or  fronts,  one  drop  curtain.  These  are  attached  by  elevating  strips  counterbalanced  to  the  gridiron,  and  operated 
by  ropes.  In  low  stages  the  scenes  must  be  rolled  up  from  the  bottom,  which  is  undesirable.  Besides  these,  other 
forms  called  flats  are  used.    In  these  the  scenery  is  attached  to  hinged  frames. 

Mooino  Picture  Theatere. — This  type  of  building  difl^ers  from  the  ordinary  theater  mainly  as  regards  thestsfti 
which  may  be  brought  to  a  minimum  practicable  depth  of  perhaps  10  ft.    Provision  for  safety  against  fire  is : 
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on  account  of  the  inflammable  nature  of  the  picture  films  in  use.  The  shape  of  the  building  is  controlled  prima- 
^y  ^y  the  distance  necessary  for  the  best  optical  efTects.  The  picture  booth  should  be  of  fireproof  materials  and 
khould  have  special  ventilation.     The  exits,  seating  and  other  accessories  will  be  the  same  as  for  regular  theaters. 

^Ke  Concert  ttage  is  usually  enclosed  with  wood  panelling  for  resonance.  The  organ  may  be  arranged  in  parts 
kt  «Aoh  akia  of  the  proscenium  with  the  movable  console  on  the  stage.  The  chairs  for  singers  are  disposed  on  benches 
riftiiUK  consecutively  toward  the  back,  sometimes  in  the  arcs  of  circles.  The  benches  should  be  about  3  ft.  wide  to 
■erve  for  orchestra  purposes  as  well.  An  orchestra  of  60  pieces  will  require  800  sq.  ft.  Small  orchestras  somewhat 
more  per  man.     A  great  organ  will  require  from  450  to  900  sq.  ft.  of  area  and  a  height  of  30  to  40  ft. 

Tetnporary  Stag**. — The  best  form  of  movable  stage  is  one  composed  of  stout  tables  firmly  bolted  to  each  other. 
1*be  table  tops  should  be  made  without  overhang  and  the  frames  bored  for  thumb  screws  with  large  grips.  The 
*"^ita  may  be  3  X  6  ft.  in  sixe  for  easy  handling.  The  units  for  the  flat  portions  will  have  legs  of  uniform  height. 
1*ke  rear  sections  will  be  taller  to  form  the  stepped  arenas.  A  stage  of  this  kind  may  be  made  up  of  difi'erent  sises  at 
^^1.  Along  the  front  and  about  the  sides  iron  stanchions  and  rails  may  be  clamped  for  safety  and  good  appearance. 
The  Btepe  should  be  s3lf-oontained,  clamped  to  the  stage,  and  have  stout  hand  rails. 

Open  Air  TheaUrt. — The  Greek  theater  has  been  the  model  in  most  cases.  The  theater  at  Berkeley,  California, 
**  tgrpical.  In  this  the  seating  is  of  concrete,  partly  seated  with  chairs.  The  capacity  will  depend  partly  on  the 
character  of  the  ground,  a  sloping  hill  side  giving  the  greatest  convenience.  The  stage  and  proscenium  may  be 
fltrehltectural.  Other  scenery  is  not  commonly  used.  A  simple  theater  may  be  designed  by  accommodating  the 
■lope  to  the  line  of  vision,  elevating  the  seats  continuously  to  give  a  good  view  of  the  stage.  The  seats  may  be 
seeured  to  timbers  anchored  to  the  ground.  The  stage  should  be  of  timber  work  with  a  wood  floor,  covered  if  de- 
sired 'vri'th  canvas.  The  background  may  be  of  canvas  supported  on  frames,  or  of  trees  and  shrubs  set  thickly  to- 
K^ther.  A  railing  at  the  back  and  sides  is  necessary  for  safety.  The  stage  area  should  be  about  the  same  as  for  a 
small  theater  and  the  proscenium  openins  will  be  formed  by  a  frame  at  each  side  covered  with  canvas.  This  afi'ords 
support  for  the  stage  lighting  which  will  be  suspended  on  wire  cables.  Simple  dressing  rooms  are  required,  with 
canvas  divisions.    The  auditorium  will  be  enclosed  with  a  canvas  screen  supported  on  posts. 

10.  Dance  Halls  and  Academies. — The  usual  form  of  dance  halls  is  that  of  the  lecture 
li&ll,  rather  longer  than  wide.  In  addition  to  the  dancing  floor,  retiring  rooms,  cloak  rooms  and 
toilets  for  both  sexes  are  required  and  a  good  sized  foyer  or  gathering  room.  Over  these  rooms 
the  visitors'  gallery  is  placed,  and  in  some  halls  narrow  refreshment  galleries  extend  along  the 
sides  of  the  room.  The  dancing  room  should  be  high  studded  and  well  ventilated.  The  musi- 
cians' gallery  may  be  at  the  front,  but  not  too  high  above  the  floor.  In  dancing  cafes  the  refresh- 
ment tables  are  on  the  dancing  level.  A  dancing  academy  will  require  a  suite  of  business 
offices  and  special  rooms  for  individual  instruction. 

20.  Military  Buildings. — The  description  of  drill  halls  in  Art.  12j,  will  be  sufficient  for 
simflar  buildings  in  this  section.  Beside  these  are  the  riding  school  buildings,  rather  similar 
in  the  main,  but  requiring  a  dirt  or  bark  floor  for  horses.  In  connection  there  will  be  the  stables, 
for  which  see  "Animal  Husbandry,''  under  Art.  12i.  Other  buildings  will  be  the  barracks, 
officers'  quarters,  toilet  buildings,  ammunition  buildings,  quartermasters'  buildings  and  the 
post  exchange. 

The  barracks  at  the  cantonments  in  the  United  States  during  1916-18  were  of  frame  construction,  two  stories 
high,  resting  on  a  foundation  of  ooAcrete  posts.  The  space  between  posts  was  closed  in  to  the  ground  with  board- 
ing. The  typical  barracks  plan  comprised  a  central  hallway  with  stair,  and  dormitories  at  each  side,  computed  on 
the  basis  of  85  sq.  ft.  per  man.  A  sergeants'  room  for  each  dormitory  room  was  placed  near  the  entrance.  The 
buildings  were  heated  with  jaoketted  stoves,  and  lighted  by  electricity.  Some  of  the  barracks  at  Camp  Grant, 
Illinois,  were  heated  by  steam,  the  mains  being  carried  overhead  from  a  central  heating  station. 

The  toilet  buildings  were  located  adjacent  to  the  barracks,  one  for  each  building,  and  contained  the  shower 
rooms  with  heaters,  closets,  urinals  and  washing  troughs.  The  heating  and  lighting  apparatus  was  similar  to  the 
barracks  equipment.  The  floor  was  of  concrete,  carried  up  two  to  three  feet  on  the  side  walls.  Barracks  and  toilets 
were  boarded  on  the  outside,  lined  with  building  paper  and  ceiled  inside  with  boarding  three  feet  high  and  with 
"oompo"  board  or  heavy  pasteboard  above.  The  construction  was  extremely  light.  Roof  ventilators  were 
provided  on  the  buildings.     Windows  and  doors  were  of  stock  form. 

Buildings  for  naval  reserve  cantonments  were  similar,  but  arranged  in  groups  in  some  instances.  These 
barracks  were  disposed  about  a  square.  One  unit  of  nine  buildings  was  adjacent  to  a  double  mess  hall.  The 
buildings  contained  112  men  each;  the  mess  halls  600  men  each.  Two  toilet  and  shower  buildings  served  the  group. 
Separate  units  were  provided  for  probationers.  There  were  ten  o£5cers'  barracks  with  separate  toilet  and  shower 
buildings.  The  barracks  were  101  ft.  long  by  25  ft.  wide.  The  hospital  group  contained  four  wards  with  four 
toilet  buildings,  a  hospital  corps  dormitory,  officers'  quarters,  nurses'  quarters.  The  other  buildings  were  the 
administration  building,  army  library,  camp  theater  for  2700  men,  the  commissary,  Y.  M.  C.  A.  and  K.  G.  near  the 
entrance  of  the  grounds. 

21.  Public  Comfort  Stations.^ — The  public  comfort  station  for  both  sexes  requires  segrega- 
tion.    A  common  waiting  room  would  be  feasible  under  the  best  circumstances,  otherwise  not. 

*  See  also  chapter  on  "Public  Comfort  Stations." 
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The  station  will  be  composed  of  an  ante-room,  sometimes  with  two  types  of  accommodatioa, 
common  and  first  class.  There  would  be  no  difference  in  the  fixtures.  CJompartmentB  should 
be  lined  with  marble  or  other  enduring  material.  In  the  women's  side  a  table  for  dreanBg 
children  is  needed.  The  building  may  preferably  be  above  ground,  but  in  cities  basemeoia 
or  other  underground  spaces  are  most  available.  The  computation  of  fixtures  required  viE 
depend  upon  custom.  A  reasonable  computation  may  be  based  on  the  number  of  x>er8oiis  one 
fixture  will  serve.  Taking  4K  Tcan,  as  the  average  time  of  occupancy  for  fixtures  of  all  aort^ 
one  fixture  will  serve  13^  persons  per  hour.  An  equipment  of  four  closets  for  women,  tire 
closets  and  two  urinals  for  men  would  serve  107  persons  per  hour.  The  addition  of  two  uiinab 
would  give  an  increased  capacity  of  40  persons  per  hour. 

22.  Tombs,  Memorials,  and  Hails  of  Fame. — Memorials  are  of  two  principal  types.  The 
first  is  purely  sculptural  or  mortuary.  The  mortuary  crypts  will  be  similar  to  those  of  publie 
mausoleum.  The  second  intended  primarily  as  a  memorial,  partakes  of  secondary  charaetcf- 
istics  such  as  a  museum,  art  gallery  or  chapel.  All  such  buildings  should  have  some  feature  to 
indicate  the  idea  of  a  memorial.  A  bronze  tablet  may  hardly  meet  the  requirement.  In  8(hd€ 
examples  the  foyer  or  some  central  room  is  made  to  give  expression  to  the  memorial  idea^  In 
this  a  statue  or  portrait  may  be  placed.  The  design  and  detail  of  the  memorial  portion  sluMild 
be  carried  out  in  materials  of  permanent  character  and  excellent  appearance,  and  to  a  consider- 
able extent  constitute  a  chief  attraction  of  the  building.  The  remaining  portions  should  be 
well  done  and  of  enduring  materials,  rather  than  to  be  so  large  as  to  necessitate  ch^ip  expedienta 
The  hall  of  fame  has  a  certain  resemblance  to  a  museum  of  sculpture.  The  central  portion  ii 
designed  partly  for  architectural  effect.  It  will  contain  statues  of  celebrated  men  to  whom  par- 
ticular honor  is  intended.  The  subordinate  parts  of  the  building  will  give  space  for  portrait 
busts  of  men  of  various  degrees  of  distinction.  The  Pan  American  Building  at  Waahingtoa 
partakes  to  some  extent  of  the  nature  of  a  hall  of  fame. 

23.  Civic  Centers. — The  community  building  is  an  important  element  of  a  small  town  or 
of  a  neighborhood  in  a  city.  It  partakes  of  the  character  of  a  club  house,  but  the  uses  are 
somewhat  different.  No  living  quarters  are  required  except  for  the  caretakers.  Rather  laige 
banquets  and  other  social  functions  will  be  served  but  the  kitchen  provision  may  be  simple  1 
sufficiently  spacious.  Game  rooms  and  especially  bowling  alleys  are  desirable.  The  principal 
room,  frequently  on  the  second  story,  will  be  used  for  lectures,  dances,  mass  meetings  and  on 
occasion  for  religious  services.  There  should  be  toilet  and  retiring  rooms  for  both  sexes.  The 
first  story  will  contain  the  offices  and  social  rooms,  billiard  room,  magazine  room,  etc.  In 
smaller  examples  the  street  front  is  occupied  by  small  stores  for  cigars,  soda  and  mineral  waten, 
or  a  women's  exchange.  The  advantage  of  this  arrangement  is  that  the  burden  of  carrying  on 
the  building  is  lessened  and  convenience  is  served  at  the  same  time.  The  entire  first  stoiy 
should  not  be  so  occupied,  but  only  a  small  area  on  each  side  of  the  front  entrance. 

24.  Buildings  for  Sepulchres. — The  public  nmusoleum  in  which  compartments  are  soldf 
consists  of  a  central  mass  of  reinforced  concrete,  formed  into  cells  or  crypts  2H  ^  2>^  x  7  ftw  with 
walls  about  4  in.  thick,  arranged  in  4  or  5  tiers.  The  smaller  buildings  of  about  60  crypti 
comprise  a  central  hall  of  good  height,  in  which  burial  services  may  be  held,  with  crypts 
in  wings  at  each  side,  arranged  along  a  corridor  8  to  10  ft.  wide.  Special  crypts  or  rooms  con- 
taining crypts  are  placed  in  the  main  portion.  The  crypts  are  closed  upon  occupation,  with  a 
3  in.  slab  of  concrete  grouted  into  place.  The  crypt  is  provided  with  a  lead  drainage  tube  and 
ventilating  tube  leading  to  a  central  receptacle  containing  a  powerful  disinfectant.  From  there 
the  ventilating  pipe  extends  to  the  outside.  The  building  is  composed  of  masonry  faced  usually 
with  cut  stone.  The  interior  is  lined  with  marble  on  walls  and  floors.  The  ceilings  are  d 
plaster  or  other  decorative  material.  Doors  and  window  sash  are  of  bronze.  The  intention  of 
these  buildings  is  to  conserve  the  remains  placed  in  them  for  a  long  time.  To  do  this,  the  build- 
ing itself  must  be  of  enduring  materials.  Everything  of  an  ephemeral  nature  should  be  avoided 
and  precaution  taken  against  the  effects  of  time  and  the  elements,  especially  rain  and  fro6i 
The  buildings  are  lighted  by  windows  in  the  ends  of  the  corridors.  Roof  lights  or  transoms 
in  the  roof  are  sources  of  water  leaks.    The  buildings  are  warmed  by  hot  air  furnaces  if  at  all 
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&  receiving  vault  with  metal  supporta  for  caaketa  may  be  connected  to  these  buildings,  in  a 
compartment  with  a  separate  entrance.  A  crematory  with  furnaces  of  special  deeign  is  provided 
tn  some  cases. 

.0  the  conatruction  at  individual  mftiualeuma  v«  neammy  whethgr  the  structure 
It  frnquent  ■ouioe  of  decir  "t  thgeo  building. 

SB.  ChtiTches. — Church  buildinga  in  America  fall  into  two  classes,  those  for  services  which 
reQuire  an  altar  and  a  liturgy,  and  those  that  do  not.  In  this  respect  the  Roman,  Greek, 
Ijutheran  and  Episcopal  church  buildings  are  more  or  less  similar.  In  the  some  way  all  other 
church  buildings  are  somewhat  alike,  one  to  another.  The  service  of  the  altar,  the  procossion- 
als  and  other  functions  hold  the  seating  in  straight  lines  and  to  a  long  and  comparatively  narrow 
building  with  a  level  floor. 

TAa  fiMun  Cathtlic  CAurcA.— Building!  of  this  type  otc  their  f 
Cburch.  which  were  twwd  on  the  uholB  «  hiiUe  common  in  the  a 

Ihs  Roman  Church  the  altu  Btsnda  [rcc  from  tho  wall  of  Iho  chitDcel  ■Sordini  ■  puuge  or  nmbutntory  behind. 


Fto.  7. — Typical  plan  of  Eoman  Catholic  church. 

The  cbanod  <■  raiard  abOTe  the  floor  ol  the  church  and  la  coaaiderably  elaborated  aecordiDs  t«  the  ^e  and  im- 
pDrUaor  of  the  church.    The  main  portion  of  the  buildiov  is  called  the  nave.     The  roof  of  thia  portion  ia  supported 

than  ol  the  aialm,  xiviuc  a  dcmtory,  tho  windows  ol  whichlight  the  central  portion.  At  each  aide  of  the  chancel 
•rch  are  the  low  altata.  The  end  containing  the  chancel  la  known  u  the  eaat-end,  without  regard  to  the  actual 
pointi  of  the  compasa.  The  entrance,  at  the  treat  end,  admlta  to  the  vntibulc,  or  narthci  from  whichstaira  lead  to 
the  lalleiy  overhead.  This  Kallery  coataina  the  organ  and  choir  and.  in  aome  churchea,  a  number  of  aittinm. 
The  font  ia  placed  either  in  the  vatibule  or  the  nave  or  in  ■  bapiatry  on  the  north  aide.  Along  the  aidfa  of  the 
ohurch  at  regular  intervala  are  the  stationa  of  the  croea,  more  or  leaa  elaborated,  and  near  to  the  Croat  the  conto- 
dansla.  The  chancel  ia  provided  with  one  or  more  aacriatin,  S  )C  10 II.  aa  a  minimum,  uaually  two,  beidde  a  chmr 
•aeriaty  and  other  neceaaary  rooms.  The  building  may  have  tcaneepti  «  wings  adjacent  to  the  chancel  wall. 
They  are  not  ao  common  in  the  Roman  Church  aa  in  the  Engliah  type.  The  basement  may  be  used  for  a  pariah 
room,  auaday  school,  and  other  activitia.  In  the  usual  examples  the  tower  is  centrally  located,  over  the  entrance, 
but  duplicate  towen,  after  tho  cathedral  arrangement  are  common.  The  arrangement  of  pulpit,  lectern  and  other 
aeotHories  should  be  oarelully  studied  to  conform  to  the  usage  of  the  church.  Adjacent  to  the  nave  and  oiUDd- 
Ing  by  the  chaacal  may  be  one  or  more  chapela.    The  church  building,  parish  houae  and  rectory  complete  the  church 

Tht  LiMtran  Church  toUowa  the  tradition  of  the  Roman  aa  to  the  main  plan  of  the  building.    The  altar  i 
letaioed.  but  the  amusement  of  U 
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The  cbsncel  mmy  ba  ortmtooal,  licmti 


Fia.  S.— St.  Mwk'i  Eoelisfa  Luther 


wall,  whh  kdav) 

'  channrl  nul  aip- 
I    from  the  ekm. 

The  choir  bencba  f>«  to  Um  etaut 
line  of  the  church  l«ATins  ■  bend 
■pace  in  front  o(  the  altar.  The  cbv 
is  raued  above  the  nare  br  <w«  to  ei 
Btepa,  as  required.  The  cnran  ■  h- 
cated  on  one  or  both  mira  of  thechor 

The   lectern  on    the   ao 
pulpit  on  the  north  mrr 

choir  front,  or  a  flincle  rood  bpam  indicatea  the  avparation.    TW 
o  the  Roman  type.     The  font  'a  ■imilarly  placed. 
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Tht  Synaifoffv*  pEnii 


have  been  eliminated  from  the  body  of  the  ehuteh  txrrf* 
ide  ipani  of  roof  carried  by  a  more  or  leaa  compliratHl  ijt- 
tem  of  trunea.  The  other  notable  development  of  ll» 
churchca  iithe  Sunday  Schcnil  building  at  one  wiearlki 
rear  of  the  church.  Thia  la  arranged  to  be  <qwBid  in 
the  church  by  sliding  partitioDa  on  occaaion.  Th'Sv- 
day  aohool  room  ia  planned  on  circular  11ds»  with  dia 
room   alcove*   around.     The  baeemcnt  ia   divided  iBU 

the  completod  plant  a  pariah  houae  and  rectnry  ut 
included. 

The  Baptit-  CAurcA  building  ia  aimilar  to  the  ibiiR 
e^ept  that  a  baptismal  pool  ia  required.  Thiaiacf  gonl 
aiie,  perhapa  lOOaq.  ft.  in  area,  and  of  eonvenieiitdiiU. 
Proviaion  lor  warming  the  water  ii  neccaa&ry.  'Hie  pai 
ia  doood  olT  or  covered  over  except  aa  needed. 

7Ae  Unilnriaii  Church  pUn  ia  that  of  an  auditiriu 
with  a  platform  in  front  and  a  choir  gallery  at  the  bad  w 

required. 

The  ChriiHan  Science  tenpU  ia  nLmilMr  in  plan.    Tl* 
ler  than  for  other  buildinga  of  this  claaa. 
a  flat  dome.    At  the  center  of  the  eaat  aide  ie  the  altar  pbl- 
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b«  on  the  west.  The  reader's  desk  is  on  the  main  floor,  quite  advanced  from  the  altar  precinct.  At  one  side  of  the 
platf orm  is  the  private  room  of  the  rabbi,  14  X  14  ft.  and  a  similar  room  for  the  reader  on  the  other.  A  chapel 
14  X  18  ft.  to  16  X  25  ft.  may  be  located  at  one  side  of  the  front.  School  rooms  16  X  25  ft.  may  be  at  one  side  or 
ia  the  basement.  Beside  these  are  the  library,  14  X  25  ft.,  assembly  and  parlor,  24  X  35  ft.  In  the  orthodox 
■ytUisocue  no  organ  or  separate  choir  are  employed.  The  architectural  design  follows  the  Byzantine,  affected  by 
tlie  Sttrmeenie,  and  the  decoration  will  employ  Hebrew  symbols,  the  seven  branched  candlestick  and  six  pointed  star 
And  the  geometric  designs  growing  out  of  it. 

Beside  the  orthodox,  there  are  the  conservative  and  the  modern  or  reformed  synagogues,  in  which  the  ancient 
prmotloe  and  liturgy  is  somewhat  modified.  In  these  buildings  the  reader's  desk  is  placed  on  the  altar  platform. 
The  pipe  organ  and  choir  are  employed,  in  a  gallery  on  the  east  side.  The  altar  platform  is  considerably  enlarged 
to  Afdmlt  of  the  more  elaborate  service.  Some  of  the  modem  synagogues  contain  large  upper  galleries  so  that  the 
total  oapaoity  may  exoeed  the  wdinary  audience.  In  these  buildings,  very  complete  doak  rooms,  etc.,  are 
introduced.  The  style  of  architecture  is  considerably  modified,  tending  to  the  Classic,  but  the  central  dome  is 
oontained  for  practical  and  aesthetic  reasons. 
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MAIN  FLOOR  PUN 


liit^  11 


Fios.  11  and  12. — Floor  plans  of  The  Temple  (Synagogue),  St.  Paul,  Minn. 


The  Cathedral  as  related  to  the  church  is  the  official  place  of  service  of  the  Bishop.  Of  large  sise  and  noble 
appearance,  it  has  nothing  of  difference  from  other  church  buildings  other  than  in  sise.  The  basement  or  crypt  may 
oontain  special  chapels.  There  is  sometimes  a  church  school  or  college  in  connection,  which  will  not  differ  greatly 
from  other  schools.     Notable  examples  of  cathedrals  arc  in  New  York,  Baltimore  and  other  large  cities. 

Student  Chapele  in  theological  seminaries  are  sometimes  seated  in  lines  parallel  to  the  main  axis  of  the  building. 
The  building  is  in  this  case  an  enlarged  choir  with  the  chancel  at  the  end. 

26.  Detention  Buildings. 

26a.  The  Lockup. — The  lockup  is  intended  for  temporary  detention  of  persons 
accused  of  nunor  offenses  or  crime.  It  is  used  also  for  shelter  of  vagrants  and  other  persons  in 
severe  weather.  The  laws  of  the  different  states  vary  in  accordance  with  conditions,  as  whether 
there  be  a  large  colored  population.  In  the  usual  case  the  building  Is  required  to  contain  two 
rooms  so  that  the  sexes  may  besegr^ated.  Minimum  dimensions  are  22  X  40  X  10ft.  The 
women's  room  is  furnished  with  a  cot;  the  men's  room  with  standard  steel  cells,  5  X  7  X  7  to 
8  ft.  in  dimensions,  provided  with  a  cot  or  plank  bed.  A  typical  plan  with  four  cells  is  here 
shown. 

Tbe  building  is  of  masonry  or  oonorete,  and  is  equipped  with  light,  preferably  electric,  and  with  prison  closets 
A  stove  is  used  for  heating.  Detention  rooms  in  a  court  house  or  other  building  may  be  constructed  adjacent  to  a 
main  exit,  but  not  in  a  basement  below  ground. 

266.  Police  Stations. — The  police  station  is  a  development  to  answer  the  re- 
quirements of  a  town  or  city.     The  detention  portion  is  enlarged  to  contain  a  number  of  cells 
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and  an  office  portion  for  police  and  other  officials.  In  no  case  should  a  police  station  be  located 
in  the  basement  of  a  building.  The  plan  of  a  police  station  includes  a  cell  room  for  men,  om 
or  more  detention  rooms  for  women  and  for  juvenile  offenders,  and  a  rooni  for  vagraali 
and  persons  seeking  shelter  in  severe  weather.  All  these  rooms  should  be  on  the  first  floor  and 
as  near  the  street  level  as  possible.  Two  or  more  stories  of  cells  and  all  expedients  invotving 
the  movement  of  persons  up  or  down  stairs  are  impracticable. 

Cell  Room. — CelLi  must  be  5  X  7  ft.  use,  with  priBon  dotets,  and  may  have  waahbowls  with  bubble  fumatMim 
oombined. 

Detention  rooms  for  wotnen  are  eimilar  to  cell  roome.  Separate  rooms  of  not  leas  than  80  aq.  ft.  area  are  dam- 
able,  with  prison  dosets,  wash  bowls  ana  bubble  fountains  and  cots.  Each  room  should  be  ventilated  by  a  ilimu  ati 
duct. 

JuvenUe  Boohm.— The  detention  of  juveniles  requires  rooms  like  those  tot  women. 

Tramp  Booma. — The  room  for  vagrants  and  persons  seeking  shdter  require  a  prison  doset,  waab  bow!  and  b>i^ 
ble  fountain.  Bleeping  platforms  made  of  smooth  wood  resting  on  heavy  cleats  about  6  inches  high  sfaoaM  be 
EHTovided.    The  room  should  be  above  ground,  well  ventilated,  heated  and  lighted.     Shower  bathe  may  be  added 

TKe  office  portion  of  the  police  station  will  contain  the  muster  room,  captain's  office,  derk's  offioe.  a  firepjorf 
vault  for  storage  of  records,  a  large  sitting  room.  In  the  second  story,  offices  for  the  sergeants,  roandamep  aai 
detectives  and  the  section  or  dormitory  rooms  for  policemen,  with  toilets  and  showers. 

At  one  side,  on  the  ground  levd,  will  be  the  patrd  barn  with  stalls  for  horses,  harness  rooms,  grain  and  hag 
storage,  or  a  garage  equipment  where  motor  vehicles  are  used. 


Fio.  18. — Typical  lockup. 


Fio.  14. — Tsrpical  police  station. 


26c.  Jails. — This  class  of  buildings  contemplates  the  continued  detenUon  of 
the  inmates,  and  requires  a  complete  equipment  for  cooking  and  serving  meals.  The  ceUs  must 
be  arranged  with  bunks.  Sick  wards  or  hospital  cells  are  necessary.  Opportunity  for  bath- 
ing should  be  provided,  preferably  by  shower  baths.  The  requirements  for  protection,  security, 
segregation,  accessibility  and  sanitation  as  for  police  stations,  are  imperative.  There  should 
be  ample  sunlight  in  every  part. 

Witneea  Roome. — It  may  be  necessary  to  detain  witnesses  for  a  time,  and  the  jail  serves  as  the  most  convenieat 
place.  Special  rooms  for  such  detention,  8  X  10  ft.  in  sixe  with  good  windows  toilet  and  wash  bowl  and  vent  fli» 
are  required.  While  these  rooms  need  not  be  cells,  they  should  be  securer.  Meals  will  be  served  from  the  jai 
kitchen. 

Jailer*8  Residence. — The  jail  plant  includes  a  residence  for  the  official  in  charge,  separated  from  other  portiooi 
by  standard  fire  doors  and  standard  fire  walls. 


26(2.  Workhouses. — ^These  institutions  are  intermediate  between  the  jail  and 
the  penitentiary.  The  workhouse  in  a  city  location  must  resemble  the  jail  in  point  of  security 
against  escape.  The  interior  arrangement  will  be  like  that  of  an  indiistrial  school,  with  work 
buildings  located  in  an  enclosed  space  protected  by  walls  or  fences  as  circumstances  demand. 
Separation  of  sexes,  protection  against  fire,  proper  sanitary  equipment,  heat,  ventilaton,  etc, 
mre  imperative^     For  dormitories  and  sleeping  rooms^  the  required  areas  per  person  are,  for  ooe 
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80  siq.  ft,,  for  two  120  sq.  ft,  for  three  160  sq.  ft.,  and  for  four  or  more  45  sq.  ft.  for  each  person. 
For  dining  room  16  sq.  ft.  per  person  are  required.  Exercise  rooms  are  required  equal  to 
tlxe  dining  room  in  area.  Assembly  rooms  should  have  6  sq.  ft.  per  person.  School  rooms  for 
tike  primary  education. of  illiterates  are  necessary;  also  private  quarters  for  officials  include 
dining  rooms,  reading  rooms  and  dormitories. 

Where  located  in  the  country  the  description  of  industrial  schools  will  apply  in  general 
for  the  workhouse. 

266.  Indttstriftl  Schools. — Institutions  of  this  class  are  most  advantageously 
located  away  from  cities  where  a  considerable  area  of  ground  can  be  obtained.  In  this  case  the 
items  of  accessibility  from  town  and  provision  for  adequate  water,  sewer,  light,  heat  and  power 
must  be  kept  in  mind  (see  **  Institutions  Isolated  from  Town  and  Cities,''  Art.  29).  The  ten- 
dency is  to  divide  the  inmates  into  groups,  housed  in  cottages,  grouped  around  central  buildings 
containing  the  dining  room,  kitchen,  assembly  hall,  etc.  In  some  of  these  institutions  a  walled 
enclosure  is  necessary.  Open  dormitories  are  suitable  for  younger  inmates.  Quarters  for 
atatendants  and  hospital  spaces  are  necessary.  The  directors  of  the  institution  and  certain  other 
officials  should  have  separate  cottages  for  residence.  In  so  far  as  buildings  of  considerable  size 
are  built^  they  should  be  of  fireproof  materials  with  a  minimum  of  woodwork.  One-story 
cottages  may  be  of  less  substantial  character. 

26/.  Industrial  Homes  for  Women. — Detention  institutions  for  this  class  of 
offenders  resemble  workhouses  for  men.  They  will  requiresomewhat  diif erentbuildings.  There 
will  be  the  administration  building,  reception  building,  maternity  building  and  hospital,  cottages, 
refectory  and  assembly  hall,  industriaf  buildings,  superintendent's  residence,  employees' 
cottages  and  central  heating  plant. 

Th0  odminiHration  building  will  contain  officeB  iar  the  superintendent,  accountant,  and  other  busincts  em- 
ployees, jMirlorB  and  viaiting  rooms,  a  committee  or  board  meeting  room,  ante  rooms  to  the  same. 

Receinno  Building.-^TLia  building  should  contain,  record  rooms,  16  X  24  ft.;  medical  examination  rooms, 
lO  X  14  ft.;  detention  rooms  for  individuals,  10  X  14  ft.;  bathing  and  toilet  rooms;  kitchen  or  serving  room,  12  X 
18  ft.;  and  matron's  suite.    The  building  will  require  barred  windows  and  locked  doors. 

Th€  maternity  buildino  though  small  will  be  like  other  maternity  hospitals. 

The  eoUaoM  should  be  not  over  two  stories  high,  for  groups  of  not  more  than  30  persons  in  single  or  double 
rooms.     Provisions  against  escape  are  generally  necessary  on  windows  and  doors. 

JndMUrial  BuUding. — While  a  number  of  the  inmates  may  be  engaged  in  housework  or  the  kitchen,  a  working 
building  may  be  desirable  in  large  institutions.  The  principal  industries  would  be  sewing,  preserving,  drying  and 
other  light  work. 

The  refedory  and  aeaemhly  haU  will  contain  the  kitchen  and  storage  rooms,  etc.  Its  sixe  will  be  controlled  by 
the  expected  occupation  on  the  basis  of  20  ft.  per  person  in  the  dining  room.  The  kitchen  and  dining  room  should 
be  wholly  above  ground.     The  assembly  hall  will  require  at  least  S  sq.  ft.  i>er  i>erson. 

The  Superintendent* 9  Rwidenee. — The  house  should  be  isolated  from  the  other  buildings  and  have  its  own 
enclosure  so  that  the  family  will  not  be  intruded  upon  by  the  inmates.     It  shoiild  have  about  eight  rooms. 

The  employtee*  cottagee  will  be  smaller,  five  or  six  rooms  being  sufficient,  each  with  its  own  enclosure,  or  the 
buildings  may  be  in  a  group  endosiure  outside  the  area  accessible  to  inmates. 

Central  Heating  Plant.— 'The  necessities  for  the  production  of  heat,  light  and  power  will  determine  the  sise  and 
location  of  the  plant.  In  severe  climates  the  use  of  exhaust  steam  for  heating  has  resulted  in  great  economies. 
Ample  coal  storage  space  is  imperative.  The  building  should  be  capable  of  enlargement  without  difficulty  both  as 
to  heating  and  power  equipment. 

Minor  Building*. — Small  dairy  bams,  sheds,  silos,  swine  pens  and  poultry  houses  are  needed  in  the  ordinary 

Endoeuree. ^Some  institutions  have  no  enclosing  fences.  While  this  may  be  practicable  in  certain  locations, 
a  low  wall  or  a  fence  that  cannot  be  scaled  is  preferable  for  many  reasons  aside  from  prevention  of  escape. 

26(7.  Reformatories  and  Penitentiaries. — No  essential  difference  obtains  as  be- 
tween these  types  of  institutions.  There  will  be  an  administration  building,  cell  buildings, 
dining  and  kitchen  building,  central  heating  and  power  station,  school,  various  shops,  store 
houses,  bams,  a  hospital  and  a  women's  building.  Tlie  buildings  will  be  surrounded  by  a  wall 
from  15  to  35  ft.  high,  having  a  main  entrance  with  guard  houses;  gates  for  wagons  and  railway 
cars.  All  buildings  will  be  fireproof.  For  an  institution  of  this  kind  a  plot  of  ground  1000  ft. 
square  will  suffice,  although  larger  areas  are  not  unusual.  A  portion  of  the  ground  is  used  for 
gardens,  etc. 
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The  administration  building  will  contain  the  ofBccR  of  the  warden,  receiving  and  recordiss  roomB  and  oAks 
business  officeB,  committee  and  board  rooms,  officers*  dining  rooms,  living  rooms  for  minor  officuJSt  barber  afaof)  bm 
bath  rooms,  school  rooms  and  an  auditorium  or  assembly  hall  sufficient  for  the  entire  number  of  inmatea  at  8 14. 
ft.  per  inmate  in  large  rooms. 

Cell  blocks  are  composed  of  individual  cells  of  standard  sise,  5  X  7  X  7  ft.  high,  arranged  in  three  or  four  stcrifa 
constructea  of  reinforced  concrete  or  of  brick  with  concrete  floors.  The  block  is  double  faced,  with  a  utility  eonidcr 
about  3H  ft.  wide  between.  About  the  cell  block  on  both  sides  and  ends  there  will  be  a  corridor  about  14  It. 
A  basement  for  pipes  will  extend  over  the  whole  area.  The  upper  tiers  of  cells  will  be  reached  by  iron  stairs 
to  balconies  along  the  fronts.  Stairs  and  balconies  are  of  iron  work  or  concrete,  or  may  be  paved  with 
The  ceiling  and  roof  over  the  building  will  be  of  concrete.  The  masonry  walls,  about  3  ft.  thick,  will  eoataia 
windows  extending  from  about  5  ft.  above  the  floor  to  the  top  of  the  upper  o^  openings,  or  Bufficiently  to  giTv  a* 
cellent  light  to  all  parts.  The  window  sash  are  opened  by  multiple  operators.  The  steel  cell  frcnta  are  held  a 
place  by  bolts  extending  through  to  the  utility  corridor.  The  locking  device  is  such  that  all  c^la  in  a  tier  Bsay  b» 
locked  by  throwing  a  lever  at  the  end  of  the  block.  At  the  same  time  any  cell  may  be  separat^y  locked  or  i*- 
locked.  Each  cell  contains  a  prison  water  closet,  combined  wash  bowl  and  bubble  fountain,  eleetrie  light  and  fold- 
ing iron  cot  with  mattress.  The  lighting  service  will  be  switched  so  that  the  entire  control,  divided  into  Bmvenl 
sections,  for  the  ceDs,  corridors,  etc.,  will  be  on  the  main  floor.  The  system  of  water  supply  and  waste,  ▼yntilstiaB 
and  lighting  will  be  exposed  in  the  utility  corridor.  Blast  and  exhaust  fans  are  required  for  ventilation.  The  heat- 
ing by  fresh  air  is  supplemented  by  direct  radiation.  Each  cell  has  a  separate  vent.  In  some  oeO  buHdinc*  the 
masonry  is  plastered;  in  others,  faced  with  pressed  brick.  The  exit  from  the  cell  room  will  be  at  the  crill 
to  the  corridor  between  cell  buildings.     An  emergency  door  is  placed  on  one  side  of  the  wing. 

Disciplinary  Cells. — Provision  should  be  made  for  disciplinary  confinement  either  in  a  small  wiAg  a 
building.     The  detail  will  be  the  same  as  in  the  regular  cell  house. 

Hospital  Cells. — The  prison  hospital  differs  from  the  ordinary  only  in  the  use  of  the  "cell  front"  oa  the  hos- 
pital rooms.  Examination  rooms,  a  dispensary  and  dentists'  office  are  required.  There  should  b«  a  nuinber  of 
cells  for  prisoners  suspected  of  insanity.  A  sun  porch  for  tubercular  patients  should  be  <rf  iron  and  i^asa.  The 
work  must  be  equal  to  thy  regular  cell  in  security. 

While  the  standard  cell  house  is  employed  in  most  prisons,  it  is  not  universal.  The  eeUs  of  the  prisoa  at 
Guelph,  Canada,  are  arranged  along  the  outside  walla  with  a  central  corridor.  At  Joliet,  Illinois,  the  cell  house  it 
circular  with  cells  along  the  outside.  A  central  watch  tower  enables  a  guard  to  look  directly  into  each  cell,  whieb 
may  be  closed  on  theiront  by  steel  and  glass  to  secure  privacy  to  the  prisoner  from  all  persons  but  the  guard. 

The  Dining  Hall. — A  large  hall  connected  with  the  kitchen.  The  tables  are  arranged  in  rows,  the  prisoaen 
facing  forward.  About  15  sq.  ft.  per  man  is  allowed  including  aisles.  In  some  institutions  tables  are  set  in  th« 
ordinary  way  with  men  all  around,  allowing  20  sq.  ft.  per  man.    The  halls  accommodate  800  to  1000  persons  and 

are  without  posts.     A  uiiisio  platfonn  u  s 
feature  of  some  dining  halls. 

Kitchen  and  pantry  arrangements  are 
similar  to  what  is  usual  in  hotels.  Stocagf 
spaces  for  meats,  milk,  etc.,  are  proridcd 
with  artificial  refrigeration. 

The  heating  and  potoer  station  wiD  he 
furnished  with  equipment  adequate  fa 
spaces  to  be  heated,  and  the  lightang  aad 
power  required  for  the  institution.  TIk 
heating  will  be  done  by  exhaust  steam  is 
part.  The  power  equipment  wiU  depend 
upon  the  sise  of  the  shops  and  the  de- 
mands for  power  to  open  and  dose  gates, 
move  cars,  etc.,  on  the  grounds.  Acfaim- 
ney  of  a  capacity  oonsiderably  in  exeeii 
of  the  boiler  power  first  installed  shodd 
be  erected  and  the  power  house  and  eosl 
storage  arranged  to  permit  future  extensions  without  disturbance  to  previous  equipment. 

The  number  of  immigrants  from  other  countries,  as  well  as  native  illiteracy,  makes  a  school  necessary,  especisfljr 
in  reformatories  for  young  men.     The  school  will  be  for  instruction  in  reading,  writing.  English  language  aad 
arithmetic.    Standard  class  rooms  about  23  X  32  ft.  with  full  lighting,  ventilation  and  regular  equipment  an 
required.     The  furniture  should  be  adapted  to  the  use  of  grown  men. 
Barns,  shops  and  storehouses  should  be  designed  on  modern  lines. 

The  toomen's  prison  or  ward  is  composed  of  separate  rooms,  about  8  X  10  ft.  with  doors  of  metal,  baned  os 
upper  portions,  and  windows  in  outside  walls.  The  plumbing  and  ventilation  will  be  similar  to  what  is  InstaDed 
in  the  ordinary  cell  buildings.  The  rooms  will  be  furnished  with  beds.  A  separate  kitchen,  dining  rooui  and  stor- 
age pantry  with  refrigeration  is  necessary  and  hospital  cells  isolated  and  sound  proof,  a  physiGaan's  office,  a  smsfl 
dispensary,  social  rooms,  a  visitors'  reception  room  and  small  visiting  rooms.  Also  a  suite  for  the  matron  asd 
staff. 

Prison  Walls. — The  enclosing  walls  of  a  prison  are  of  masonry  or  concrete,  from  15  to  35  ft.  high.     The  BKSt 
common  height  is  22  ft.    No  wall  will  prevent  escape  unless  guarded,  so  that  excessive  height  is  quite 
A  number  of  wall  heights  are  as  follows: 


8 
8 

30 


Fia.  15. — Typical  cell  block. 
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Thomaaton,  Maine;  Alcatrai.  Calif.  (U.  8.) 15  ft. 

Elmira,  N.  Y.;  Win  sor,  Vt.;  Boise,  Idaho;  Ionia,  Mich.;  McAlester,  Okla 16  ft. 

San  Quentin,  Calif.;  Rawlins,  Wyo 17  ft. 

Granite,  Okla.;  Sante  Fe.  N.  M.;  Weatherafield,  Conn.;  Salem,  Oregon 18  ft. 

Sioux  Falls,  S.  D.;  Deer  Lodge,  Mont.;  Folsom,  Calif.;  Salt  Lake  City,  UUh;  Trenton,  N.  J.  20  ft. 

OMining,  N.  Y 21  ft. 

Concord,  Mass.;  Hutchinson,  Kan.;  Charleston,  Mass.;  Jackson,  Mich.;  St.  Cloud,  Minn.; 

Waupun,  Green  Bay,  Wis 22  ft. 

Philadelphia,  Pa.;  JefFersonviUe,  Ind 35  ft. 

The  desirable  features  of  a  first-rate  wall  are  depth  in  the  ground,  not  less  than  6  ft.,  smoothness  and  the 
aboenee  of  projecting  parts,  or  buttresses.  Nothing  should  be  attached  to  the  walls,  such  as  lighting  fixtures,  wires, 
etc.,  which  would  serve  as  holding  places  for  a  rope  by  which  a  prisoner  might  attempt  escape.  The  top  should 
be  rounded.  In  some  examples,  the  top  is  formed  with  a  projecting  roU  on  the  inside.  In  Ihe  design  of  such 
waJla,  wind  pressure  must  be  taken  into  account.  A  wall  22  ft.  high  will  need  to  be  about  3  ft.  thick  at  the  bottom 
and  IH  ft-  thick  at  the  top,  in  an  exposed  location,  to  resist  overturning  under  the  force  of  a  heavy  wind.  The 
prison  at  Rahway,  N.  J.,  has  a  reinforced  concrete  wall,  quite  thin,  with  buttresses  on  the  outside. 

Ouardhou9ea. — These  may  be  of  steel  and  concrete,  or  of  timber  work  and  should  be  large  enough  to  shelter 
the  suard  in  severe  weather.  The  windows  should  extend  to  the  floor.  From  the  guard  house  a  walk,  2  ft.  wide,  to 
about  30  ft.  in  each  direction  is  desirable.  The  walk  may  be  on  top  the  wall  or  along  the  outside,  with  a  railing  for 
safety.  The  guard  house  requires  a  stove  or  other  heater  and  a  toilet.  The  approach  to  the  guardhouse  should  be 
from  the  outside  of  the  prison  yard  or  by  a  steel  door  on  the  inside.  F^om  this  a  ladder  or  spiral  stair  leads  to  the 
top. 

Wagon  Oatet. — The  gates  from  the  prison  yard  will  be  double.  The  first  gate  opens  into  a  walled  enclosure  to 
contain  a  wagon  and  team  and  the  second  to  the  outside.  They  may  be  formed  to  swing,  slide  or  lift.  The  gate 
should  be  the  full  height  of  the  wall  or  the  wall  should  be  carried  over,  as  high  as  at  other  points.  The  gates  should 
be  smooth,  formed  with  solid  surfaces  without  gratings  or  catch  points  for  climbing  upon,  and  strong  enough  to 
resist  forcing. 

RaUufay  endoture*  will  be  of  sufficient  sixe  to  contain  three  or  four  railway  cars.  The  rules  of  the  railway 
companies  as  to  clearance  will  determine  the  width.  The  dear  height  of  these  gate*  does  not  usually  conform  to  the 
26  cyr  28  ft.  of  head  room  demanded  by  the  railway  company,  but  so  far  as  practicable  should  do  so.  The  size  makes 
the  gates  difficult  to  operate  by  hand.  A  system  of  gears  and  cranks  wiU  diminish  the  difficiilty  but  power  is  desir- 
able. The  custom  of  delivering  cars  only  into  the  gate  enclosure  makes  a  yard  engine  or  a  cable  hauling  ssrstem 
necessary  for  moving  cars  to  the  heating,  plant,  storehouse  and  shops. 

Yard  Lighting. — The  enclosing  walls  are  usually  illuminated  at  night.  The  best  form  of  yard  lighting  is  by 
flood  lighting  or  by  lamp  posts  set  10  to  12  ft.  from  the  walls  and  furnished  with  reflectors  to  throw  the  light  upon 
it.  The  wiring  should  be  underground  and  the  control  switches  located  conveniently  to  the  official  in  charge  of 
lighting.  Other  parts  of  the  prison  yards,  all  walks,  drives,  entrances,  etc.,  may  be  lighted  in  the  same  way.  In 
some  places  lights  may  be  attached  to  buildings.  The  approaches  and  the  front  portions  of  the  prison  grounds 
should  be  lighted  adequately  for  good  appearance. 

Waier  Supply  and  Sanitation. — This  type  of  institution  is  \isually  located  away  from  large  towns  and  public 
systems  of  water  supply  and  waste,  electric  current  supply  so  that  these  utilities  must  be  provided  independently. 
Pri9on  Campt. — It  is  the  practice  to  send  prisoners  from  penietntiaries  to  places  within  the  state  to  be  em- 
ployed in  grading,  ditching  and  farming.  The  buildings  required  for  this  are:  a  headqiuirters  building  20  X  24  ft. 
for  the  guards  and  superintendents,  a  bunk  house  with  85  sq.  ft.  per  i>erBon,  refectory  and  store  house.  The  bxiild- 
ings  will  be  of  frame,  very  simple  in  construction.  A  camp  on  a  prison  farm  would  be  more  permanent  and  better 
constructed.  Most  of  the  work  of  construction  would  be  done  by  the  prisoners  who  may  be  quartered  in  tents  for 
a  time. 

t§h.  Insane  Asylums  and  Homes  for  Feeble-minded  and  BiiUeptics. — In  the  older  institutions 
of  the  United  States  the  various  classes  of  patients  are  placed  in  one  large  building.  This  is  objectionable  from 
many  standpoints.  Separate  cottages  are  superior  to  large  buildings.  Greater  attention  to  fire  prevention  and 
provision  against  accident  is  necessary  than  with  institutions  sheltering  persons  of  normal  mentality.  No  build- 
ings of  inflammable  nature  should  be  occupied  by  insane  persons  even  in  small  groups.  Where  both  sexes  are 
admitted,  segregation  must  be  carried  to  completion.  Persons  of  defective  mentality  and  all  who  are  afflicted 
with  insanity  require  hospital  conditions  in  the  buildings  they  occupy.  The  portions  of  these  buildings  devoted 
to  violent  wards  require  protection  about  windows  and  doors,  stairways,    etc. 

The  list  of  principal  buildings  for  industrial  homes  will  apply  to  these  institutions.  The  ordinary  cottages, 
so  called,  will  be  as  follows: 

Class  1:  For  persons  slightly  affected;  for  voluntary  patients. 
Class  2:  For  severe  eases;  for  cripples  and  bed-ridden. 
CUuM  1. ^Furnished  with  day  rooms,  for  the  entire  group  on  each  floor,  dormitory  rooms,  single  or  multiple, 
linen  and  supply  closets,  attendants'  rooms,  toilets  and  bath.    Voluntary  patients  are  housed  separately  from 
others.  . 

CUus  2. — Similar  to  Class  1,  but  having  a  dining  room  and  kitchen,  diet  kitchen.  Latrines  are  substituted  for 
ordinary  closets.     Cripples  and  bed-ridden  patients  are  housed  separately  from  severe  cases. 

Farm  Coloniea. — Certain  groups  of  feeble-minded  and  epileptics  are  capable  of  working  and  may  be  formed  into 
farm  colonies.  The  colonies  should  be  close  to  the  main  institution  so  that  medical  supervision  is  not  lost  sight  of 
by  reason  of  the  inconvenience  to  the  attending  physicians. 
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Separate  houses  for  the  director  and  certain  officials  are  necessary.    An  insane  asylum  or  fedile-iaiiided  hasx 
is  an  undesirable  place  to  bring  up  a  family  of  children. 

27.  Charitable  Purpose  Buildings. 

27a.  Homes  for  Dependent  Children. — Inmates  of  this  type  will  include  infants, 
children  and  youths.  The  normal  children  are  quite  commonly  adopted  into  families,  and  defec- 
tives as  they  approach  maturity  are  placed  in  institutions  for  epileptics,  feeble-minded,  tubocn- 
lar  or  insane.  The  inmates  are  formed  into  small  groups  according  to  their  degree  of  mentatitr; 
segregation  is  necessary.  Primary  education  is  afforded  for  those  able  to  learn.  The  woii  d 
the  hospital  is  to  secure  nutrition  and  growth,  and  to  cure  such  defects  as  club  foot,  spinal  de- 
formity, tuberculous  joints  and  the  like.  Hospital  conditions  are  necessary,  and  the  same  cjpes 
of  buildings,  on  a  smaller  scale,  as  for  other  custodial  institutions. 

276.  Poorhouses,  Homes  for  the  Aged  and  Infirm. — In  the  first  of  these  institu- 
tions a  certain  number  of  inmates  will  be  of  defective  mentality.  For  them  a  separate  bufldrng 
should  be  provided  where  custodial  care  may  be  maintained.  The  other  buildings  will  be  ami- 
lar  to  family  hotels  with  single  and  double  rooms,  social  and  dining  rooms,  etc.  An  assembly 
room  is  provided  for  amusements  and  for  religious  services,  where  a  separate  chapel  is  notbufll 
The  cottage  system  is  most  advantageous  for  these  institutions,  with  an  administration  buildiof 
containing  the  offices  and  other  public  rooms,  dining  rooms,  etc.  The  cottages  may  oontaia 
40  rooms  as  a  maximum.  Aged  couples  capable  of  maintaining  good  conditions  may  be  aangncd 
rooms  together.    Otherwise  sex  separation  is  practiced. 

27c.  Veterans'  Homes. — This  type  of  institution  follows  the  general  Scheie  of 
homes  for  the  aged  and  infirm.  The  desurable  arrangement  would  comprise  an  administratkii 
building,  central  heating  and  power  plant,  large  and  small  cottages.  The  small  cottages  wiQ  be 
occupied  by  married  couples  and  persons  desiring  to  be  independent.  The  larger  will  acconh 
modate  such  as  require  continuous  care. 

27d.  Schools  for  the  Deaf  and  Blind. — This  form  of  education  requires  intimate 
personal  instruction  and  care.  The  institutions  provide  housing,  hospital  care  and  recrestioc 
facilities,  as  well  as  teaching,  and  are  commonly  under  boards  of  control  or  charitiea.  The 
buildings  will  be  similar  to  those  for  able-bodied  defectives  except  for  special  arrangementfi  to 
meet  the  peculiar  limitations  of  the  pupils.  For  schools  for  the  deaf  it  will  be  neceasaiy  to 
install  sight  signals  and  for  the  blind,  those  based  on  sound.  Class  rooms  will  be  about  half  the 
standard  size.  Classes  of  mutes  number  from  four  to  twelve.  For  the  blind  the  classes  are 
about  the  same  for  most  work.  The  younger  pupils  will  be  provided  with  open  dormitories. 
The  older  ones  should  have  individual  or  double  rooms.  Segregation  is,  of  course,  neceesanr 
outside  the  class  rooms  and  dining  halls.  Vocational  instruction  is  usually  given.  Siop 
buildings  are  necessary  with  manual  training  benches,  etc.  Among  the  persons  attending  these 
schools  a  certain  percent  will  be  of  defective  mentality,  but  as  these  are  gradually  removed  to 
other  institutions,  no  special  provision  is  made  for  them.  As  in  other  institutions  the  system  of 
small  units  about  a  main  building  is  superior  to  large  structures.  In  some  examples  the  baiid- 
ings  are  formed  into  quadrangles  enclosing  recreation  spaces.  Bb'nd  schools  offer  instiuc- 
tion  in  music  and  will  require  organ  space  in  the  assembly  hall.  Special  provision  against 
accident  is  necessary,  such  as  railings  about  points  of  danger. 

28.  Hospital  Purpose  Buildings. 

28a.  General  Hospitals. — These  are  usually  large  buildings  in  which  the  separa- 
tion or  isolation  of  parts  is  brought  about  by  wings  or  closed  bridges.  Between  diff'erent  wings 
glazed  doors  or  fireproof  doors  are  used  for  isolation.  The  usual  divisions  are:  medical  wards, 
surgical  wards,  obstetrical  wards,  children's  wards. 

The  administration  portion  will  contain  the  general  office,  waiting  rooms,  examination  rooms,  pbynoMm' 
offices,  matron's  suite,  the  general  kitchen  and  dining  rooms  for  patients,  officers  and  help  (see  Art.  22/).  Thewd 
spaces  will  be  divided  into  single  rooms,  small  and  large  wards.  In  each  ward,  a  utensil  room,  linen  room,  lotka 
room  with  individual  lookers  for  each  patient,  diet  kitchens,  general  and  private  toilets.  A  laundry  for  patieDti 
and  a  separate  laundry  for  attendants.  The  minimum  single  room  should  be  10  X  14  ft.,  double  room  14  X  H  ft 
and  wards  85  sq.  ft.  i>er  person  including  aisles.  Lighting,  heating  and  ventilation  should  be:  one  footof  ghs 
to  six  of  floor  space;  70  deg.  temperatiu-e,  humidified  if  possible;  1 800  cu.  ft.  of  fresh  air  per  person  per  hour.  Hct 
water  heat  is  decidedly  pr^erable,  on  account  of  excellent  control.    Local  humidifiers  are  capable  of  inaiiitsi"i»i 
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X«ftired  conditiona.  Spocial  electric  signal  syBtems  for  nurses  are  provided.  Live  steam  at  30-Ib.  pressure  is  used 
^or  steriliBation  and  the  kitciien  requirements.  For  this  service  a  small  boiler  is  desirable.  A  large  general  steriliser 
^■i  the  bsMement  is  used  for  mattresses,  clothes,  etc.,  smaller  ones  in  each  utensil  room  and  a  special  sterilizer  for 
k^ikxulsiS«a  and  instruments  in  operating  rooms.  The  corridors,  utensil  rooms,  operating  rooms  and  toilets  should 
k>e  capable  ot  extreme  sterilisation  and  cleaning.  Patients'  rooms,  if  brought  to  the  same  condition,  are  apt  to  be 
ing.  No  materials  should  be  employed,  however,  that  would  be  damaged  by  ordinary  cleaning.  • 
The  elevators  and  the  doors  to  them  should  be  of  a  capacity  to  pass  a  full  sise  cot.  Push  button  control  is 
y  where  a  regular  elevator  man  is  not  employed.  The  elevator  should  be  convenient  to  the  ambulance 
on  the  ground  levd.  It  should  not  be  immediately  adjacent  to  patients'  rooms. 
Xrfil»oratort«s»  OperaHno  Bootna,  Etc, — It  is  customary  to  provide  one  or  more  laboratcny  rooms.  X-ray  rooms, 
rooms  and  for  other  special  service.  These  may  be  in  the  basement.  The  operating  room  should  be  not 
than  300  ft.  area,  to  contain  the  necessary  fixtures  and  should  be  very  well  lighted,  with  top  lighting  subject  to 
ntrol.  The  ntherising  room  may  be  adjacent  or  where  most  convenient.  This  will  be  somewhat  less  in  area 
"tiutn  th«  operating  room. 

Soundproof  Roonu. — The  obstetric  ward  should  be  divided  by  soundproof  walls  and  partitions  and  should  have 
soundproof  doors.    Otherwise  the  rooms  and  wards  are  not  different  from  ordinary. 

Sunporehea  enclosed  with  glass  for  convalescents  are  desirable  especially  in  severe  climates.    They  should 
be  provided  with  ample  venting  panels. 

Screens  and  Weatheretripe. — AU  parts  of  hospitals  and  sanitariums  of  every  sort  should  be  screened  on  windows 
and  doors.     Metal  weather  strips  are  necessary  to  prevent  drafts. 

Ntireea*  Dormitoriee. — Separate  buildings  for  nurses  and  attendants  are  necessary  in  order  to  maintain  effi- 
ciency, and  prevent  infection.  One  or  more  social  rooms  are  necessary  and  single  and  double  sleeping  rooms  with 
sencral  toilets  and  baths.  .  The  room  sises  will  be  similar  to  those  in  wards.  The  basement  spaces  should  not  be 
for  sleeping  rooms. 


286,  Hospitals  for  the  Treatment  of  Tuberculosis. — ^The  same  advice  as  to  the 
location  of  other  public  institutions  will  apply  to  sanitarium  for  tuberculosis  with  the  additional 
precaution  that  quiet  and  freedom  from  dust  is  necessary  to  successful  treatment. 

Orounda. — Ample  grounds  should  be  provided,  shielded  from  the  north  and  west  but  open  to  the  sunshine  from 
other  Doints  of  the  compass. 

Buttdinga. — The  plan  arrangement  in  tuberculosis  sanitariums  will  differ  from  other  hospitals  in  that  exposure  to 
"the  outside  air  and  sunshine  is  essential  to  cure.  For  this  reason  large  window  spaces  and  ample  porches  are  re- 
Quired.  Rooms  facing  to  the  north  or  otherwise  deprived  of  sunshine  are  not  suited  for  the  work.  Such  spaces 
should  be  assigned  to  corridors,  toilet  and  bath  rooms  and  other  utilities. 


Fia.  16. — ^Typical  sanitarium. 


Ro<>ma  and  Warda. — Patients*  rooms  should  be  exposed  to  sunshine  and  protected  from  the  north  wind.  A 
room  7  ft.  wide  by  13  ft.  long  is  a  minimum.  Ceiling  heights  above  10  ft  are  not  necessary.  A  French  window  ex- 
tending to  the  floor,  and  not  less  than  4>^  ft.  wide  should  be  provided,  so  that  the  cot  may  be  moved  out  upon  the 
porch.  Such  windows  can  be  made  weather  tight  by  the  use  of  metal  stripe.  Double  rooms  should  be  10  X  12  ft. 
and  the  adjacent  pcM-ch  space  should  be  10  X  12  ft.  in  sise. 

Porehaa.-^AH  porches  should  be  covered  and  screened  and  provided  with  sliding  curtains  of  canvas  to  protect 
against  rain.  Large  wards  should  bo  divided  by  screens  into  alcoves  where  practicable.  In  the  same  way,  the 
spaces  on  porches  may  be  broken  up  so  that  the  long  row  of  hospital  beds  will  not  be  visible  to  all  patients.  The 
screens  should  be  held  up  from  the  floor  about  a  foot  and  extend  to  6  ft.  in  height. 

Adminiatration.-^The  administration  spaces  will  be  similar  to  those  at  other  hospitals.  The  laundry  should 
be  equipped  with  a  steriliser,  and  none  but  patients'  clothes  should  be  treated  in  the  general  laundry. 
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Reaidencea  and  CoUagea. — Institutiona  for  tubercular  patients  should  provide  houses  for  the  supcrintefidcat 
and  the  eirployees,  and  a  separate  building  for  nurses  and  attendants. 

Convalescent  Camps. — Tubercular  patients  may  be  sent  to  a  convalescent  camp  for  final  treatment.  Smsk 
camps  should  be  situated  in  places  where  food  supply,  f ud,  sewage  disposal  and  medical  care  can  be  readily  obtaaaad. 
Very  simple  cottages,  a  dining  hall  and  work  shop  are  required.  The  best  location  will  be  in  the  nrighbcsfcood  si 
the  regular  sanitarium,  where  the  same  physicians  can  oversee  the  progress  of  the  inmates. 

29.  Institutions  Isolated  frooi  Tovm 
and  Cities. — Public  institutions  are  110I 
always  located  where  advanta^^e  can  be 
taken  of  the  protection  and  the  convenienca 
of  a,  city.  In  this  case  everything  included 
under  the  head  of  public  utilities  must  be 
provided  by  the  institutions  themselTeB. 
The  fundamental  necessities  are  transpor- 
tation, water,  drainage,  heat,  lights  ea- 
closure,  fire  protection  and  police  aervice. 
Besides  these  are  such  elements  as  soil 
qualities,  climate,  exposure,  safety  from  the 
violence  of  nature.  Subordinate  provisbai 
are  for  storage,  refrigeration,  industries  and  amusements.  All  such  general  provisionB  an 
accessory  to  the  main  object  of  the  institution  which  may  be  disciplinary,  military,  socia] 
religious  or  political. 


Fzo.  17. — Convalescent  open  cottage. 


Transportation  must  be  by  railway,  in  the  ordinary  case.    To  attempt  to  maintain  communieation  by 
roads  is  expensive  and  hazardous  in  a  severe  climate.    Where  possible  to  obtain  it,  a  railway  side  track  will  save  fnm 
$3000  to  $10,000  per  year  for  a  large  institution. 

Water  supply  for  domestic  use  and  for  fire  protection  is  of  first  importance.  This  involves  drilling  a  deep  ve9, 
or  maintaining  a  storage  reservoir  from  unfailing  springs  or  making  use  of  some  large  body  of  water,  knofwn  to  be 
safe.     A  knowledge  of  the  geology  and  water  supply  of  the  neighborhood  is  therefore  imperatiTe. 

Heat  and  Light. — The  first  building  for  an  isolated  institution  will  be  the  heat  and  power  station,  one  or  mart 
units  of  which  should  be  ready  for  service  upon  completion  of  the  first  buildings.  The  heating  and  power  ststioa 
will  make  the  system  of  water  supply  available  and  may  be  necessary  for  pumping  the  effluent  of  the  septic  taido. 

Drainage  is  second  only  to  water  supply.  The  clearing  of  the  ground  of  surface  water  and  the  disposal  of  viste 
water  by  natural  means  is  fundamental.  Septic  tanks  for  the  treatment  of  sewage  are  necessary  to  avoid  poflvtioa 
of  lakes  t,nd  streams.  The  system  of  drains  should  be  determined  upon  as  soon  as  the  general  disposition  of  hdld- 
ings  is  made. 

Enclosure  in  an  isolated  location  will  vary  from  the  farm  fence  to  the  masonry  wall  with  or  without  gosrih 
as  conditions  require. 

Fire  piotection  depends  directly  oii  cht  pcwer  plant  and  water  supply  for  efiSciency.  The  most  effective  fin 
protecting  device  is  the  sprinkler  system  which  involves  the  con.<ttruction  of  a  tower  and  tank  at  least  25 
ft.  higher  than  the  loftiest  building.  The  tank  may  be  of  50,000-gallons  capacity  supported  by  a  steel  frame  u 
masonry  tower.  The  water  stored  in  the  tank  must  be  warmed  by  a  special  heater  in  winter.  Large  water  msiia 
are  extended  to  various  points  with  fire  hydrants  at  intervals. 

Police  service,  from  the  single  watchman  in  the  best  locations  to  a  considerable  force,  in  exposed  places,  mmt 
be  taken  into  account.     Permanent  police  service  will  require  guard  houses,  etc. 

Soil  qualities  are  important  to  institutions  contemplating  self-support.  Soil  analysis  should  be  obtained  wbcn 
possible. 

Climate  and  exposure  will  effect  the  design  of  grounds  and  buildings,  especially  where  a  period  of  yean  ii 
expected  to  intervene  before  completion.  In  this  case  the  first  buildings  should  be  grouped  in  such  a  way  ss  tobc 
convenient  in  operation  at  once,  leaving  future  development  to  work  into  the  scheme  in  an  orderly  nxanner. 

Storage  depends  upon  conditions,  but  will  concern  first  the  coal  supply  which  may  be  delivered  during  the 
summer  season  and  must  be  conveniently  placed. 

Refrigeration  by  ice  or  mechanical  means  is  imperative  and  may  be  extensive.  Ice  storage  may  be  emplojcd 
in  some  cases.    The  supply  storage  and  ice  storage  is  sometimes  combined. 

Industries  and  amusements  are  essential  to  many  isolated  institutions.  The  character  of  the  institutios  vSl 
determine  the  types  of  buildings  to  be  erected  for  these  purposes. 

FxttHTe  Development. — In  any  institution  enlargement  should  be  anticipated.  While  a  natural  barrier  on  ooe 
or  more  sides  may  be  an  advantage,  there  should  be  always  a  practicable  outlet  by  which  future  growth  may  take 
place  without  disproportionate  expense.     This  involves  a  general  study  of  the  lands  adjacent. 
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ACOUSTICS  OF  BUILDinGS 

Br  F.  R.  Watson 

Increased  attention  has  been  paid  ia  late  years  to  the  acoustical  dnturbances  in  buildings 

.  with  the  deeire  on  the  part  of  architects  and  builders  to  avoid  these  defects  as  far  as  possible. 

This  desire  has  led  to  scientific  investigBtions  of  the  subject  that  have  solved  some  fundamental 

problems  and  given  formulas  and  data  for  guidance. 

Acoustical  disturbances  arc  due  first,  to  the  sound  generated  within  a  room,  which  gives 
rise  to  echoes  and  reverberation;  and  second,  to  sounds  outside  that  are  transmitted  into  the 
room  through  walls,  ventilating  ducts,  and  other  paths,  and  cause  confusion.  The  sound  in  a 
room  may  be  controlled  by  the  proper  design  of  the  volume  and  shape  of  the  room  and  by  the 
use  of  a  calculated  amount  of  absorbing  material,  while  the  extraneous  sounds  may  be  minimized 
by  properly  constructed  walla,  doom,  and  windows.  The  problem  may  therefore  be  considered 
in  a  two-fold  aspect:  the  acoustics  of  rooms  and  the  insulation  of  rooms. 
SO.  Aconstlca  of  Rooms. 

SOo.  Action  of  Sound  in  ■  Room. — 'When  a  sound  is  generated  in  a  room  it 
proceeds  outward  from  the  source  at  the  rapid  rate  of  about  1200  ft.  per  sec.  and,  by  successive 
reflections  from  the  boundaries,  very  quickly  fills  a  room  of  ordinary  dimensions.  Fig.  18  shows 
the  position  of  a  pulse  of  sound  in  a  room  60  X  40  ft.,  >£o  sec.  after  it  started  from  the  source. 
Fig.  19  gives  the  same  pulse  >io  Bee.  later  and  shows  the  increasing  reflections  and  interferences. 


— ThB»« 


The  imagination  readily  pictures  the  conditions  Ko  ^ec.  later  when  the  entire  volume  of  the 
room  is  filled  with  sound  proceeding  in  every  direction.  The  width  of  the  sound  pulse  should 
be  much  wider  than  shown  if  it  is  to  represent  actual  conditions,  because  speech  sounds  take 
at  least  Ho  sec.  for  their  generation'  and  musical  sounds  are  frequently  prolonged  a  second  or 
more.  In  the  meantime,  the  energy  of  the  pulse  is  diminished  at  each  reflection  by  the  absorp- 
tion of  &  fraction  of  the  incident  sound,  so  that  it  is  used  up  after  a  number  of  reflections,  depend- 
ing on  the  absorbing  efficiency  of  the  surfaces  it  strikes. 

80b.  Conditions  for  Perfect  Acoustics. — Perfect  acoastioal  conditions  for  hear- 
ing require  that  the  sound  sh^l  rise  to  a  satisfactory  intensity  which  shall  be  equal  in  every 
part  of  the  room,  with  no  echoes  or  distortion  of  the  original  sound,  and  that  it  shall  then  die 
out  in  a  suitably  short  time  so  as  not  to  interferewith  the  succeeding  sounds.  Unfortunately, 
these  ideal  conditions  are  not  fulfilled  in  rooms.  The  reflections  of  sound  give  rise  to  distortions 
and  unequal  intensities  in  different  parts  of  the  room  and,  except  for  special  cases,  it  is  impos- 
sible to  secure  simultaneously  a  suitable  intensity  and  a  proper  time  of  reveiberation.  It  will 
be  shown,  however,  that  while  the  ideal  is  rarely  found,  satisfactory  acoustics  may  be  obtained 
for  auditoriums  of  usual  shape  and  size. 

80e.  Formula  for  Intensity  and  Reverberation. — Reasoning  in  the  manner  just 
described,  Sabine'  developed  an  equation  for  the  reverberation  in  a  room,  a  simplified  form 

>  Snipluie,  "Thr  Study  of  Spiwch  CiirT«."  Carnecle  luUtutiDn  Publiwtion.  1906. 
■  AmarieoD  Architnt,  1910. 
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of  which  for  practical  use  is  given  in  a  succeeding  paragraph.  Later,  JSger/  using  a  diffenst 
constant,  deduced  the  formula  in  a  somewhat  different  form  and  discussed  its  applicataoBi 
to  an  auditorium.  Thus,  he  developed  the  formula:  E  =  ^oe""**,  where  E  is  the  inteuify 
of  the  sound  per  unit  volume  t  seconds  after  the  initial  intensity  Eo  has  been  built  up,  n  beoi 
the  number  of  reflections  that  have  taken  place,  and  a  the  fraction  of  the  eneiigy  absorbed  H 
each  reflection.    More  completely,  the  formula  may  be  written: 

_      A  A      -avtt/iW 
ava 

where  the  initial  intensity,  Eo  =  4A/av8f  is  seen  to  depend  on  A,  the  energy  given  outby  tiie 
source  in  one  second;  v,  the  velocity  of  sound;  s,  the  area  of  all  surfaces  exposed  to  theadira 
of  the  sound;  and  a,  the  average  sound-absorbing  coefficient  of  these  surfaces.  Inspeetics 
of  the  relation  shows  that  the  intensity  may  be  increased  by  making  the  source  of  sound,  A,  more 
intense;  also,  for  a  given  A,  the  intensity  may  be  reduced  by  increasing  the  abeorptioiif  at. 
The  decadence  of  the  sound  is  given  by  the  factor:  6"*"V4ir.  The  time  of  reverbcratioB, 
tf  is  increased  by  increasing  the  volume,  TF,  of  the  room,  so  that  large  rooms  may  be  expected 
to  have  excessive  reverberation.  A  decrease  in  (  may  be  brought  about  by  increasing  the  th- 
sorbing  power,  as,  and  thus  improve  the  reverberation,  but  this  procedure  cannot  be  cairkd 
too  far  because  an  increase  in  the  absorption  decreases  the  initial  intensity,  as  shown  previoiuljr. 
The  conclusion  is  drawn  that  only  in  special  cases  can  both  suitable  intensity  and  time  of  re- 
verberation be  obtained  for  the  same  conditions  in  an  auditorium. 

dOd.  Correction  of  Faulty  Acoustics. — The  practical  solution  of  the  problem  d 
correcting  faulty  acoustics,  has  been  made  by  Sabin^  whose  scientific  work  has  established  tk 
fundamental  facts  of  the  subject.  Assuming  a  sound  of  average  intensity,  he  developed  tbe 
simple  formula:  t  »  A^TT/as, where  t  is  the  time  of  reverberation;  W,  the  volume  of  the  room; 
as,  the  absorbing  power  of  all  the  interior  surfaces;  and  k,  a  constant,  depending  on  theimiti 
used,  being  equal  to  0.164  when  W  is  measured  in  cubic  meters  and  s  is  taken  in  square  metoi 
The  term  as  is  the  sum  of  all  the  various  absorbing  agencies  in  the  room  and  may  be  cipicaMil 
as: 

as  =  ai«i  +  atSi  +  aiSi  + 

where  81  may  be  taken  as  the  area  of  all  the  plaster  surfaces,  and  ai  as  the  absorbing  coeffideot 
of  unit  area  of  plaster  surface;  8s  the  area  of  all  the  wooden  surfaces  and  os  the  correspondiBg 
absorbing  coefficient,  etc.,  until  all  the  absorbing  surfaces  are  included. 

In  a  series  of  investigations  lasting  several  years,  Sabine  determined  the  absorbing  coeflScientB  of  the  tiiim 
materials  commonly  used  in  building  construotion.  His  values  are  as  follows,  assuming  ihmt  unit  ana  of  opM 
window  space  has  perfect  absorbing  power  and  that  its  coefficient  is  taken  as  unity: 

Table  1. — Sound  Absorbing  Coefficients 

Moierial  Coegkimi 

Wood  sheathing,  (hard  pine) 0.061 

Plaster  on  wood  lath 0.084 

Plaster  on  wire  lath 0.033 

Plaster  on  tile 0.025 

Glass 0.027 

Brick  set  in  Portland  cement 0.025 

Audience 0.96 

Oil  paintings,  (inclusive  of  frames) 0.28 

House  plants,  per  cubic  meter 0.11 

Carpet  rugs 0 .  20 

Oriental  rugs,  extra  heavy 0. 29 

Cheese  cloth 0.019 

Cretonne  cloth 0. 15 

Shelia  curtains 0.23 

Hair  felt,  2.5  cm.  thick,'  8  cm.  from  wall 0.78 

Cork  2.5  cm.  thick  loose  on  floor 0. 16 

Linoleum,  loose  on  floor 0. 12 

1  "  Zur  Theorie  dee  Nachhalls."    Sitiungsberichte  der  Kais.  Akad.  der  Wissensch.  in  Wien,  Math-Natinr. 
Klasse;  Bd.  CXX.  Abt.  2a,  Mai,  1911. 

*  "Architectural  Acoustics.*'    A  series  of  papers  in  the  American  Architect,  1900,  and  later  papers. 
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MaUrial  AhBorhino 

Power 

Audienoe,  per  penoa 0.44 

Isolated  man 0. 48 

Isolated  woman 0. 54 

Plain  ash  eettees,  each 0.030 

Plain  aah  eettees  per  teat 0.0077 

Plain  Mh  chain,  "bent  wood" 0.0082 

Uphobtered  settees,  hair  and  leather,  each 1 .  10 

Uphdetered  settees,  per  single  seat 0 .  28 

Upholstered  ohairs  similar  in  style,  each 0. 30 

Hair  cushions,  per  seat 0. 21 

Elastic  felt  cushions,  per  seat 0. 20 

It  should  be  noted  that  plaster,  wood,  and  glsss.  the  materials  that  usually  form  the  interior  surfaces  of  audi- 
toriums, have  small  absorbing  power,  thus  accounting  for  the  faulty  reverberation  found  in  any  large  auditorium. 
Hairfelt,  on  the  other  hand,  which  is  used  extensively  for  acoustical  correction,  has  a  large  coefficient.  To 
be  efficient  as  acoustical  correctives,  materials  should  have  a  coefficient  of  at  least  0.10.  When  judged  by  this 
standard,  any  tsrpe  of  plaster  wall  in  common  use  is  seen  to  be  practically  usdess  as  an  absorber.  The  desirable 
qualities  in  an  absorber  are  porosity  and  comin-nsibility.  The  energy  of  sound  incident  on  such  a  material  is 
eonverted  partly  into  heat  by  friction  in  the  pores,  and  partly  into  mechanical  energy  by  compressing  the  substance, 
the  amount  of  energy  so  converted  constituting  the  absorption.  An  audience  is  a  good  absorber  of  sound  undoubt- 
edly because  of  the  dothing  worn.  When  making  an  acoustical  correction  for  an  auditorium,  the  absorbing 
power  of  the  audience  is  figured  as  an  important  factor.  By  the  use  of  these  coefficients  and  Sabine's  formula, 
calculations  may  be  made  indicating  how  much  absorbing  material  should  be  introduced  into  a  room  to  give  satis- 
factory acoustics  for  average  conditions.  These  calculations  may  be  made  from  the  building  plans  so  that  the  acous- 
tics may  be  provided  for  in  advance  of  construction. 

In  rooms  used  only  for  speaking  purposes,  the  time  of  reverberation  should  be  shorter  than  for  music  alone, 
because  a  longer  time  of  reverberation  is  desired  for  music.  When  the  room  is  to  be  used  for  both  music  and  speak- 
inc*  a  time  d  reverberation  is  chosen  that  will  be  fairly  satisfactory  for  both;  the  auditorium  thus  being  made 
somewhat  too  reverberant  for  speaking,  and  not  quite  reverberant  enough  for  music. 

SOe.  Echoes  In  an  Auditorium. — Other  defects  than  the  reverberation  may 
exist  in  an  auditorium.  An  echo  is  set  up  when  an  auditor  hears  a  sound  coming  direct  from  a 
nearby  speaker  and  then  again  at  a  later  time  when  it  is  reflected  from  a  distant  wall.  Figs. 
20  and  21  show  the  reflections  of 
sound  in  the  Auditorium  at  the  Uni- 
versity of  Illinois  and  how  echoes 
were  caused.  This  room  is  nearly 
hemispherical  in  shape  with  several 
large  arches  and  recesses  which  break 
the  regularity  of  its  inner  surface.  Be- 
cause of  its  large  volume,  425,000  cu. 
ft.,  and  curved  walls  of  hard  plaster, 
it  was  afflicted  with  both  reverb  erar 
tion  and  echoes.  An  investigation^ 
lasting  several  years,  yielded  an 
analysis  of  the  acoustical  defects,  on 
the  basis  of  which,  action  was  taken  to 
correct  the  faults.  The  echoes  were 
located  experimentally  by  sending  a  small  bundle  of  sound  successively  in  different  directions 
and  noting  its  path  after  reflection.  A  ticking  watch  was  used  as  a  source  of  sound.  When 
backed  by  a  reflector,  this  gave  definite  data,  as  did  also  a  metronome  enclosed  in  a  box 
ao  that  the  sound  could  escape  only  through  a  directed  horn;  but  the  results  were  not 
conclusive.  A  satisfactory  method  was  found  that  involved  the  use  of  an  alternating- 
current  arc  light  as  the  source  of  sound.  This  gave  a  hissing  sound  that  traveled  the  same 
path  as  the  light  of  the  arc.  The  light  and  sound  were  reflected  by  a  parabolic  reflector  to 
distant  walls  where  an  observer  could  see  where  the  sound  struck.  The  walls  causing  echoes 
were  then  readily  located. 

>  Bull.  73  on  "  Acoustics  of  Auditoriums"  by  F.  R.  Watson  and  Bull.  87  on  "  Correction  of  Echoes  and  Rever- 
beration in  the  Auditorium,  University  of  Illinois"  by  F.  R.  Watson  and  James  M.  White.  Published  by  the 
Univ.  of  111.  Eng.  Exp.  8U. 


Fig.  20. — Reflection  of  sound  in  an  auditorium. 
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For  a  diMiaot  esho.  Tallut'  nlinutM  ihal,  the  timi  diffsran«  belweca  the  diniet  sad  nOmaud  timA 
mhuuld  be  about  1/15  ten  ,  depending  on  the  aucteiieiH  ur  hearinE  o[  the  auditor.  Fur  tha  pradiaal  aroidua 
of  eohoc^  thu  would  mMn  tfaat  the  diOaranoe  iu  pathi  a[  Ibe  direot  and  refleetsd  louuda  abould  not  eiovcd  Tt  ti 

Xtf.  Interf er«DCe  and  Rennaoce. — Another  acoustical  defect  is  created  wha 
Bound  waves,  reflected  from  the  walla  of  the  room,  meet  the  oncoming  waves  in  auch  a  maans 
that  pronounced  interference  takes  place.  Thus,  asuatained  musical  sound  may  produceouduc 
loudness  in  some  places  and  a.  corresponding  dearth  of  sound  elsewhere.     A  further  dcffrt. 

called  resonance,  is  caused  wbts 
the  original  sound  is  atnpIiScd 
by  the  vibration  of  wooda 
paneling  and  by  the  rdnfonv- 
ment  from  alcoves  or  window 
recesses.  In  the  practical  c«r- 
rcction  of  the  acoustica  <d 
rooms,  it  is  very  desirable  thu 
the  absorbing  material  intro- 
duced to  reduce  the  reverbm- 
tion,  be  placed  so  as  to  minimiK 
the  echoes  and  other  faulta. 

Kg.  Wires  imI 
Sonnding  Boards. — A  stalr- 
ment  should  be  made  conctn- 
ing  the  acoustical  eBcrt  cf 
wires  and  sounding  boanfa, 
since  these  appeal  to  the  popu- 
lar mind  as  effective  correctiai 
agencies.  Wires  are  of  pratti- 
cally  no  effect.*  They  h»« 
much  the  same  effect  that  a  U 
line  in  the  water  has  on  tbe 
water  waves.  To  be  effectivt 
the  obstacle  should  be  large 
enough  to  be  comparable  with  the  wave  length  of  the  sound.  An  instance  is  recorded  where 
five  miles  of  wire  were  installed  in  an  auditorium  without  acoustical  effect,  so  it  was  remorot 
and  absorbing  material  put  in  for  correction. 

Soundinc  boarda  are  uihIuI  in  apecial  caaea  where  it  i*  dsired  (o  direct  aound.'  SauDdinE  boanh,  nbl 
wurk  on  walU.  (sllpriea  and  athrr  obataclra  aerve  to  break  up  (he  reiulat  nfleotion  of  louiid  an(<  pmeot  tbe  loru- 
tion  of  eohoea,  but  their  eSeol  in  aCDuatical  oorreDtion  ia  Imall  compared  with  the  abaarptian  of  enercy  bf  atantiat 

30A.  Modeling  New  Auditorioms  Alter  Old  OnM  Whh  Good  Acoustics. — A  nr 
geetion  often  mode  is  for  architects  to  model  auditoriums  after  those  already  built  that  hurt 
good  acoustical  properties.  It  does  not  follow  that  halls  so  modeled  will  be  successful,  becMW 
the  materials  used  in  construction  are  not  the  same  year  after  year.  For  instance,  it  was  tbf 
usual  custom  years  ago  to  build  wooden  structuras;  but  modern  practice  requires  the  use  t^ 
Steel,  concrete,  and  plaster  thus  forming  walls  that  transmit  and  absorb  less  sound.  Rirtha- 
more,  a  new  auditorium  is  changed  somewhat  to  suit  the  ideas  of  the  architect  or  the  partiru- 
lar  circumstances  of  the  new  building,  and  it  is  quite  probable  that  the  changes  will  affect  tbe 
acoustics. 

SOi.  Effect  of  the  VentUation  System. — It  would  seem  at  first  thought  that  tfir 
ventilation  system  in  a  room  would  alTect  the  acoustics.  The  air  is  the  medium  that  trantmili 
the  Bound.     It  has  been  shown  that  the  wind  has  an  action  in  changing  the  direction  of  pn^xgi- 

1  "Hinti  on  Architectural  Acouatica."  Tha  Briokbuilder,  IVIO. 

*  Sabine.  Areh.  QuarUrly  of  Harvard  Univenity.  March.  IB13.     WatMin,  Sdenc*.  Vol.  3S,  May.  ISIl. 

'WataoD,  "Tba  Uaa  of  Soundin*  Boarda  Id  an  Auditoiiuni,"    The  BriokbuiUer,  Juae.  IBIS. 


>.  21.— How  echoei  are  eet  up  by  reflection  ot  sound. 
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tioD  of  sound.'  Sound  b  also  reQocted  and  refracted  &t  the  boundary  of  gases  that  differ  in 
density  &nd  temperature.'  Itisfound,  however,  that  the  effect  of  the  usual  ventilation  currents 
on  the  acoustics  in  an  auditorium  is  smaU.  The  temperature  difference  between  the  heated 
current  sod  the  air  in  the  room  is  not  great  enough  to  affect  the  sound  appreciably,  and  the 
motion  of  the  current  ia  too  slow  and  over  too  short  a  distance  to  change  the  action  of  the  sound 
to  any  marked  extent.* 

Vadrt  Bpedal  circunutania.  thg  hotting  whI  vsntiLBdac  ayi 
nr  ■  cumnt  of  bot  ur  in  the  oenter  of  the  n»ia  will  Hriaiuly  dnturb  the  nctiiin  erf  the  sooi 
th«  BIT  cumnta  *o  OiM  ibnt*  o(  oold  and  hated  ur  an  set  up  will  modify  the  refular  pn 
liroduee  eoof  iMiaD.  The  objest  to  ba  atrivea  for  i>  to  k««|>  the  air  in  the  room  aa  homoccDeoua  and  ateady  ai  pog- 
•iblc  Hot  itovct.  radiaion.  and  euireaU  of  heated  ait  ahould  be  kept  near  the  walla  and  out  of  tha  oenler  of  the 
room.  It  ia  of  Borae  iniatl  advantage  to  have  the  rentilation  ourrsnt  go  in  the  aame  direction  aa  the  aound  since  a 
wind  tenda  to  caiT}  Uu  »uiul  with  it. 

SI.  Iton-transmlsslon  of  Sound. 

31a.  How  Sound  is  Tr«nsniltted. — ^The  second  large  problem  in  the  acoustics  of 
buildings  ia  the  transmission  of  sound.  Sound  may  be  transmitted  from  one  part  of  a  building 
to  other  parts  in  a  variety  of  ways.  The  vibrations  of  pianos,  cellos,  etc.,  that  rest  on  the  floor, 
And  the  noise  of  motors,  pumps,  and  other  instruments  that  are  placed  in  intimate  contact  with 
the  building  structure,  are  transmitted  with  surprising  efficiency  through  the  continuity  of 
structure  and  are  hindered  in  their  prog-  .     . 

rcaa  only  when  encountering  a  discon- 
tinuity  in  elasticity  or  density,  a  large 
change  of  this  kind  being  a  transition 
from  masonry  to  air.  These  disturb- 
ances may  give  rise  to  unexpected  sounds . 
by  causing  thin  walls,  partitions,  desks, 
and  other  objects  in  contact  with  the 
building  structure  to  vibrate  and  set  up 
sound  waves  in  the  air.  The  action  is 
quite  similar  to  that  of  a  epeaking  tube, 
the  sound  vibrations  in  this  case  being 
confined  in  the  walls  by  the  totally  r»- 
fleeting  air  boundary  about  them. 

other  typM  of  Bound  that  Bet  up  vibrationa  in 
theBir,au«buthiiaeproduD«lb]'tbe  voice,  viiilin, 

veBlilator  ducts,  oprn  windowi,  Bpann  between 

door*  and  their  caalnBi.  intompletely  clDSed  pipe      p„   22,— App«r«tuB 

there  la  'a  eontinnoiia  air  [laMice.     On  meeting 

thin  walU  and  partition*  they  may  eauae  (heae  to  vibrate  and  thus  crpate  Bound  vibtationa  an  the  further  aide. 

The  forVffoing  eonudaations  show  that  vibrationB  may  pass  from  one  part  of  a  building  to  othsr  parts  along 
paths  not  easy  to  trace  and  introduen  eitnneoua  Bounds  that  are  undrainible, 

31b.  Experimental  Investigations. — Investigations  that  have  led  to  some  dcQ- 
nite  results,  have  been  inaugurated  to  solve  the  difGculties,  but  there  remains  much  1^  be  done.' 
The  comparative  intensities  of  sound  transmitted  and  reflected  by  partitions  of  different  mate- 
rials have  been  measured  by  the  writer.'  A  sound  of  constant  pitch  blown  by  a  steady  air  pres- 
sure, is  directed  by  means  of  a  parabolic  reflector  against  the  partition  as  shown  in  Fig.  22. 
Part  of  the  sound  is  reflected  and  part  transmitted,  the  intensity  of  each  part  being  measured 
by  a  Rayleigh  Resonator.    The  Rayleigh  Resonator  is  a  brass  tube  tuned  to  the  sound  and  has 

1  Osborne  Reynolda,  Proo.  of  Royal  Boo..  Vol.  XXII.  p.  &31,  IBT4. 

*  Joa.  Henry,  Report  of  Lighthouse  Boud  of  U.  8.,  1874. 
J.  Tyndall.  Phil  Ttan*  .  1ST4. 

*  Sabine.  Eng.  Hee..  Vol.  61.  p.  T7B.  IBIO.     Wataon,  Eng.  Rm.,  Vol.  07,  p.  3SS,  1B13. 
•Sabine,  The  Briokbuildsr,  Fst)..  1916. 

'  Phjaieal  Rgvisw,  Jan.,  1910. 
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a  glass  disc  hung  inside  by  a  quartz  thread.  The  disc  deflects  under  the  action  of  the  sound,  the 
angle  of  deflection  being  proportional  to  the  intensity  of  the  sound.  This  arrangement  alknn 
quantitative^  comparative  measurements  to  be  obtained  independently  of  the  ear. 

A  preliminary  investigation  gave  the  following  rcstilts: 

Table  2. — ^Transmission  and  Rbplbctiqn  of  Sound 


Material 

Deflections  of  resonator  for 

Transmission 

Reflection 

Thickness  in  layers 

1 

2 

3 

1 

2 

3 

M  in.  hairfelt 

22.6 
7.9 
1.15 
5.0 
6.5 
2.25 
0.32 
0.2 

15.4 
3.75 
2.05 

21.7 
1.95 
0.55 

10.4 
2.9 
0.85 
3.8 
0.4 
0.1 

4.9 
15.7 
25.9 
20.7 
10.4 
22.5 
23.2 

6.6 

22.0 

21.2 

5.0 

6.6 

20.0 

10.5 
22.6 
22.1 
10.0 
9.3 
20.0 

VI  in.  cork  board 

^  in.  cork  board 

Vi  in.  paoer  lined  felt 

Ji  in.  paper  lined  felt 

^1  in.  flax  ^board 

W  in.  Dressed  fiber 

^i  in.  pressed  fiber 

^ 

Inspection  of  the  results  shows  that  a  porous  material  like  hairfelt,  transmits  much  sound.  Lining  it  witk 
paper  stops  the  pores  and  introduces  air  spaces  between  successive  layers  and  thereby  diminishes  the  trmnanusskuL 
Dense  materials  transmit  less  sound,  as  shown  by  the  results  for  the  pressed  fiber.  The  law  of  transmission  for  s 
homogeneous  material,  like  hairfelt,  states  that  the  intensity  of  the  transmitted  sound  decreases  ezpooentisQr 
with  the  increasing  thickness.  Doubling  the  thickness  does 'not  double  the  amount  of  sound  cut  off;  that  is,  if 
1  in.  of  the  material  stops  10%  of  the  sound  entering  the  material.  2  in.  stop  19%,  3  in.  stop  27  %,  ete.  For 
non-homogeneous  walls,  such  as  oork  sheets  with  air  spaces  between,  or  compound  walls,  such  as  plaster 
partitions,  there  is  no  simple  law  of  transmission.  When  a  partition  is  elastic,  it  vibrates  under  the  actios 
of  the  incident  sound  and  may  be  set  in  vigorous  motion  if  in  tune  with  the  incident  waves.  This  creates 
comprossional  waves  on  the  further  side  of  the  partition  and  thus  transmits  the  sound  energy.  Thick  walls  naj 
act  in  this  way  as  well  as  thin  ones.  Vibrations  with  amplitudes  of  one-tibousandth  of  an  inch  and  less  are  capabk 
of  producing  audible  sounds.^ 

The  reflection  of  sound  increases  usually  with  the  thickness  of  a  homogeneous  material,  but  the  law  is  not  s 
simple  one.     The  reflection  is  large  when  the  transmission  is  small  unless  the  material  is  a  good  absorber.     When  s 

partition  vibrates,  the  reflection  may  be  smaller  than  expected,  as  in  the  case  d 
the  yi  in.  paper  lined  felt.  Reflection  is  greater  for  rigid*  heavy  partitions  thss 
for  elastic,  thin  ones. 

The  experiments  just  described  point  the  way  to  further  work  and  this  hat 
already  been  started  with  improved  methods  and  apparatus.  The  csomplete 
solution  of  the  problem  involves  the  absorption  of  sound.  Fig.  23  indicates  bov 
the  incident  sound  is  reflected,  absorbed,  and  transmitted  in  varying  amouBti 
depending  on  the  nature  of  the  material,  the  construction  of  the  partition  and 
the  possibility  of  vibration. 

The  transmission  of  sound  has  been  measured  by  Sabine'  who  testrd  the 
sound-insulating  efficiencies  of  hair-felt,  sheet  iron,  and  combinations  of  tbrse 
materials  by  a  method  involving  the  use  of  the  ear  in  listening  for  the  faintcit 
trace  of  sound.  He  found  that  hairfelt  transmitted  considerable  sound  tut 
that  the  rigid,  dense  sheet  iron  was  more  eflicient.  Alternate  layers  of  eheH  iron  and  hairfelt  gave  qvite 
satisfactory  insulation.  His  experiments  were  preliminary  to  a  more  extended  investigation  of  standard  cos- 
structions  and  were  intended  to  establish  methods  and  principles. 

Jftger'  states  from  theoretical  considerations  that  thin  ^alls  of  small  mass  and  easily  capable  of  vibratiofi 
transmit  sounds  quite  readily;  also  that  low  pitched  sounds  pass  through  partitions  more  easily  than  high  pitcbrd 
ones.  Tufts*  concluded  from  his  experiments  that  porous  materials  transmit  sound  in  much  the  same  propcvtioB 
that  they  allow  air  to  pass. 

Sic.  Sound-proof  Rooms. — ^The  foregoing  conclusions  indicate  the  construe tioDs 
best  suited  for  making  rooms  sound-proof.     What  is  desired  are  walls  that  are  rigid  and  heavy 

1  See  "Vibrations  of  BuUdings,*'  Art.  31d. 

'  '*The  Insulation  of  Sound,"  The  Brickbullder.  Feb.,  1915. 

'  See  previous  reference,  p  748. 

'  Amer.  Jour,  of  Science,  Vol.  2,  p.  357,  1901. 


Fig.  23. — Action  of  a  material 
in  reflecting,  absorbing,  and 
transmitting  sound. 
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Ltli  some  sort  of  discontinuity,  such  as  an  air  space.  It  appears  of  advantage  to  place  sound- 
»aorbing  material  in  this  air  space.  Unfortunately,  it  is  not  possible  in  practice  to  have  a 
►mplete  air  discontinuity  about  a  room,  because  the  walls  make  a  more  or  less  intimate  contact 
•  tlie  floor  where  they  are  supported.  It  is  also  apparent  that  any  ventilation  openings  or 
"ackja  about  doors,  pipes,  and  partitions  that  will  give  a  continuous  air  passage,  will  allow 
'ansmission  of  sound  and  should  be  avoided  as  far  as  possible.  Further,  steam  and  water 
ipes  convey  sounds  of  distant  pumps,  motors,  and  furnaces  and  are  likely  to  pass  these  sounds 
»  "ttke  air  in  the  room. 

ZXtL  Vibratioiis  in  Buildings. — ^Another  problem  in  the  transmission  of  sound 
rises  because  of  the  vibrations  of  walls,  floors,  and  other  portions  of  the  building  which  are  apt 
:>  give  forth  sound.  A  systematic  investigation  of  this  subject  was  carried  out  by  Hall^  in 
&n  Francisco.  He  used  a  modified  seismograph  pendulum  that  recorded  vibrations  in  three 
lirec  lions,  two  horizontal  vibrations  at  right  angles  to  each  other  and  a  third  vertical  vibration. 
The  results  showed  that  buildings  vibrate  in  all  three  directions  to  a  greater  or  less  extent 
■ecause  of  machinery,  street  traffic,  and  other  causes.  The  magnitude  of  the  vibrations  is 
;enerally  small,  varying  in  Hall's  observations  from  about  0.0014  to  0.00004  in.;  but  it  is  likely 
h&t  vibrations  of  factory  floors  exceed  these  values.  The  frequencies  of  the  vibrations  varied 
rom  about  2  to  9  per  sec. 

Vibratlona  of  walls  are  capable  of  iHToducing  sound  waves  in  the  surrounding  air,  that  will  be  audible  if  the 
tmplitude  of  vibration  is  large  enough.  There  appears  to  be  no  data  for  this  particular  case,  but  some  idea  of  the 
letlon  may  be  gained  from  experiments  by  Bhaw'  who  found  that  a  telephone  receiver  membrane  vibrating  with 
imall  double  amplitudes  gave  sounds  when  held  to  the  ear  as  indicated  in  Table  3. 

Table  3. — Sounds  Produced  by  a  ViBRATiNa  Telephone  Membbanb 

Double  amplitude  Result 

0 .  000006  in.  sound  "  just  audible " 

0.0004      in.  sound  "just  comfortably  loud'* 

0.008        in.  Sound  "just  uncomfortably  loud*' 

0.04  in.  sound  "just  overpowering'* 

HaII*s  values  lie  within  these  limits  but  the  sounds  produced  would  be  considerably  fainter  because  they  are  not 
oonveyed  so  directly  or  so  efficiently  to  the  ear  as  in  Shaw's  experiment. 

More  recently,  this  problem  has  been  extended  by  others'  from  the  economic  standpoint,  since  it  appears  that 
these  vibrations,  particularly  in  factories,  affect  the  physical  welfare  and  efficiency  of  the  employees.  The  results 
al  the  investigations  described  lead  to  the  following  recommendations  for  reducing  vibrations:  (1)  to  minimise  the 
vibration  at  the  source  by  using  properly  balanced  machines,  and  by  mounting  thezn  on  separate  foundations  or  on 
heavy,  rigid  floors;  and  (2)  to  reduce  transmission  of  vibrations  by  introducing  materials  to  produce  changes  in  the 
■dastieity  and  density  of  the  building  structure,  thus  following  the  principles  already  set  forth  in  regard  to  non- 
transmission  ci  sound. 

32.  Conclusion. — A  number  of  related  problems  in  the  acoustics  of  buildings  remain 
unsolved.  There  is  need  for  further  information  on  the  construction  of  sound-proof  rooms; 
how  different  constructions  reflect,  absorb,  and  transmit  sounds  of  different  frequencies;  and 
how  pipes  and  ventilating  ducts  may  be  modified  to  prevent  transmission  of  vibrations.  There 
is  need  also  for  efficient,  fireproof,  sound-absorbing  materials  that  are  comparatively 
inexpensive  and  capable  of  being  cleaned  without  impairing  their  acoustical  efficiency. 

While  it  is  seen  that  a  number  of  problems  await  solution,  it  is  also  apparent  that  a  considerable  fund  of  inform- 
ation is  at  hand  for  guidance  in  securing  satisfactory  acoustics,  particularly  in  auditoriums.  It  would  therefore 
seem  desirable  for  architects  and  builders  to  avoid  the  acoustical  defects  so  prevalent  in  existing  buildings  by  speci- 
fying in  advance  of  construction  of  new  buildings  that  proper  action  be  taken  to  secure  satisfactory  acoustics  ss 
far  as  possible.* 

>  "Graphical  Analysis  of  Building  Vibrations,"  Elec.  World,  Dec.  18,  1915.    Also  earlier  papers. 

*  Proe.  of  Royal  Society.  Vol.  76A,  p.  360,  1905. 

'  Maurice  Deutsch,  Consulting  Engineer,  New  York  City.  (See  pamphlet  entitled  "The  Effects  of  Vibration 
in  Structures"  published  by  the  Aberthaw  Construction  Company,  Boston.) 

*  Those  who  desire  to  read  further  in  the  subject  of  Acoustics  of  Buildings  will  find  ample  material  and  biblio- 
graphy in  the  references  given  in  footnotes  throughout  the  chapter. 
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SCHOOL  PLANNING 
Bt  James  O.  Betelle 

School  Planning  has  made  very  rapid  and  marked  development  in  the  last  decade,  aad, « 
account  of  the  changes  brought  about  by  the  world  war,  even  greater  and  more  marked  devekp- 
ments  are  looked  for  within  the  next  few  years.  Courses  of  studies  are  changing,  new  ones  m 
being  added,  and  some  old  ones  being  abandoned.  This  means  changes  in  the  usual  schooi 
building  plan  to  properly  take  care  of  these  new  conditions.  It  also  means  that  new  buildinp 
shall  be  so  constructed  that  changes  may  easily  be  made  after  the  school  is  built,  as  no  school 
building  can  be  ujy-to-date  for  a  very  long  period  during  these  times  of  rapid  adjuatmeBt  k 
school  administration. 

33.  Educational  Surveys. — Farshigted  communities  who  wish  to  locate  and  to  bii3d 
their  schools  scientificaUy,  and  with  a  look  to  the  future,  are  beginning  to  see  the  iznportaiiee 
of  having  an  educational  survey  made  of  their  town  or  city  by  experts  who  make  a  special^ 
of  such  work.  As  a  result  of  what  is  learned  r^arding  existing  conditions  and  probable  futon 
trend  and  increase  in  population,  a  building  program  for  the  next  5  to  10  years  is  planned  oat, 
sites  acquired,  and  building  work  started.  For  typical  examples  of  these  surveys  see  the  reponi 
of  the  surveys  made  of  Portland,  Oregon,  Omaha,  Neb.,  St.  Paul,  Minn.,  and  Cleveland,  Ohioi 
-  34.  School  Sites. — The  recently  enacted  physical  training  and  military  training  la««  a 
many  of  our  states,  as  well  as  a  more  enlightened  public  opinion,  has  made  larger  school  sitei 
necessary. 


For  the  average  elementary  school  accommodating  about  800  pupils,  a  site  of  not  leas  than  4 
recommended;  and  for  the  intermediate  school  of  800  pupils,  a  site  of  not  less  than  5  acres  ia  recomxDeadid. 
In  an  intermediate  school  the  playground  requirements  beoome  more  important  and  an  experimental  sdwd 
garden  is  often  included. 

For  the  high  school  aocommodating  about  1000  pupils  a  site  of  10  acres,  or  more,  is  reoommended.  Tim  «9 
include  not  only  space  for  games,  auoh  as  tennis,  hand  ball,  basket  ball,  etc.,  but  also  a  complete  athletic  field  wiA 
base  ball  and  football  fields,  running  track,  and  bleachers  for  spectators.  It  is  very  desirable  to  hare  the  sdkod 
athletic  field  adjoin  the  high  school,  as  the  games,  drills,  and  ezerdses  can  be  more  eaaily  superviaed.  The  gym' 
nasium  in  the  building  with  its  lockers,  showers,  and  other  dependencies  are  readily  available  aad  Hnism  csa  U 
easily  drilled  or  exercised  in  the  open  air  when  the  weather  is  smtable,  instead  of  in  the  eneloaed  cymnaaiua. 

Sites  should  also  be  selected  with  due  regard  for  healthful  conditions,  accessibility,  abaenoe  of  noiae.  daogcnsi 
approaches,  good  moral  surroundings,  etc.  The  Minnesota  school  building  regulationa  reeommeikd  tliat  evea  m 
the  smallest  sites,  not  mcwe  than  20  %  of  the  entire  area  be  used  for  the  building. 

It  seems  to  be  agreed  among  educators  that  school  buildings  should  be  so  located  Uiat  no  scholar  rtt****^ 
the  primary  school  shall  have  more  than  ^  of  a  mile  to  walk,  and  if  attending  an  intCTmediate  school  not  fsrths 
that  l}i  miles.  High  school  scholars  can  travd  as  far  as  2^  miles,  but  a  limit  of  2  milea  ia  to  be  preferred,  h 
special  cases  scholars  do  travel  farther  to  school  than  these  distances,  but  trolleys  or  other  apecial  naeans  of  trva- 
portation  are  used. 

86.  Program  of  Studies. — No  school  can  be  properly  designed  until  the  superintendoii 
of  schools  furnishes  the  architect  with  a  program  giving  the  course  of  studies  to  be  taught, 
length  of  class  periods,  number,  size,  and  kind  of  rooms  desired,  and  number  of  pupils  to  be 
accommodated  in  each  subject.  This  will  permit  the  architect  to  so  design  the  school  as  to 
suit  the  particular  subjects  to  be  taught,  rather  than  make  the  program  of  studies  fit  in  with 
the  building  after  it  is  built. 

36.  School  Building  Laws  of  Various  States. — Many  states  have  laws  which  apply  to  the 
construction  of  school  buildings.  Copies  of  these  laws  and  any  rules  relating  to  building  or 
grounds  which  have  been  adopted  by  the  State  Board  of  Education,  should  be  obtained  and 
carefully  followed  in  designing  the  building.  Where  state  laws  exist  it  is  usually  required  that 
all  plans  and  specifications  of  school  buildings  be  submitted  to  the  State  Board  of  Educatioo 
for  approval  before  starting  to  build.  The  requirements  of  these  laws  vary  widely  from  nothing 
at  all  in  some  states,  to  very  rigid  requirements  in  Ohio.  The  appointment  of  a  f  eda*al  commiB- 
sion  is  being  advocated  to  standardize  these  laws  in  the  various  states  and  bring  about  some 
semblance  of  uniformity.  The  control  over  existing  school  buildings  and  the  plans  for  nev 
buildings  is  usually  enforced  by  State  Boards  of  Education  through  their  control  of  state  rooDQr 
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which  they  <^>portioii  and  distribute  to  the  various  communitieB,  and  which  th^  may  withhold 
unless  certain  standards  are  lived  up  to. 

87.  School  Organization. — ^The  school  life  of  children  is  divided  into  12  years  and  generally 
designated  as  1st  to  12th  grades.  Sometimes  grades  are  designated  as  IB-IA,  2B-2A,  etc., 
where  there  ia  a  promotion  at  midyear.  The  further  division  has  been  general  of  housing  the 
first  8  years  or  grades  in  a  grade  school  and  the  last  4  years  in  a  high  school,  the  grades  in  the 
high  school  being  called  1st,  2d,  3d,  and  4th  years.  A  change  in  this  organisation  is  now  being 
made  by  placing  a  Junior  High  School  between  the  lower  grades  and  the  senior  high  school. 
This  organisation  and  its  advantages,  will  be  treated  under  the  description  of  the  junior  high 
school. 

A  tendency  to  make  an  intensive  use  of  the  school  plant  has  been  veiy  marked  in  recent 
years.  The  use  of  the  various  buildings  only  6  hours  a  day  for  200  days  each  year  is  giving  way 
to  twice  as  much  use,  or  more.  If  we  are  to  have  the  necessary  school  plant  and  equipment, 
which  modem  education  demands,  and  still  keep  taxes  within  reasonable  limits,  economy 
must  be  practiced.  There  is  no  easier  way  to  eoonomize  than  to  make  more  use  than  for- 
merly of  the  facilities  we  already  have. 

The  so-caUed  "Gafy"  p]*ii  it  a  Bcheme  for  the  more  intenaiTe  use  of  the  sohool  plant,  the  acoommodation  of 
more  ehildren,  and  at  the  same  time  sivinc  a  mem  divenified  and  attractive  eourse  of  ttudy*  workt  and  play.  The 
"alternating  plan"  and  "platoon  ayttem"  are  only  modifications  of  the  '*Gary  "  plan,  to  solve  the  problem  of  some 
special  community.  From  lack  of  construction  of  new  school  buildings  to  take  care  of  the  normal  growth  in  pecu- 
lation during  the  past  few  years  and  the  excessive  cost  of  new  construction,  communities  have  been  forced  into  this 
new  scheme  of  organisation.  The  other  alternative  is  to  place  a  portion  of  the  scholars  on  part  time,  which  every 
one  hesitates  to  do.  Briefly  the  schemes  are  about  as  foUows:  One-half  the  scholars  report  at  school,  say  at  8:30 
A.  M.  After  the  first  period  spent  in  the  class  rooms  these  pupils  move  on  to  the  special  rooms,  such  as  shops, 
gymnasium,  auditorium,  or  playgrounds,  and  leave  the  class  rooms  vacant  for  the  second  section  or  i^atoon.  The 
program  of  the  school  is  therefore  rather  complicated  but  very  ingenious.  The  school  day  is  longer  than  under  the 
usual  program  because  there  are  periods  of  supervised  play,  gymnasium,  swimming  pool,  etc.  The  first  plat- 
toon's  day  comes  to  an  end  around  4:00  o'clock  and  the  second  platoon  one  period  later,  or  around  4:40  o'dock. 
To  run  a  sohool  on  this  intensive  basis  makes  it  necessary  to  operate  it  on  the  departmental  plan  and  the  school 
building  must  be  very  complete  in  its  various  departments.  The  reason  more  scholars  can  be  accommodated  in 
this  type  of  school  than  in  the  ordinary  one  is  because  several  classes  at  a  time  are  taken  into  the  auditorium  and 
given  a  singing  lesson,  an  illustrated  leoture,  on  something  that  can  be  taught  in  large  groups:  other  large  groups  at 
the  same  time  go  to  the  playgrounds,  to  the  gymnasium,  etc.,  so  that  whfle  the  first  platoon  is  absorbed  in  these 
special  activities,  the  second  platoon  has  the  use  of  the  recitation  and  class  rooms;  thus  the  platoons  alternate 
throughout  the  day.  In  some  instances,  groups  of  children  are  sent  once  a  week  for  religious  instructions  to  nearby 
churehes  designated  by  the  Protestant,  Catholic,  and  Jewish  organisations,  thus  making  still  more  room  in  the 
echoed  for  more  pupils. 

88.  Kinds  of  Sehools. — (1)  Primary  School,  (2)  Intermediate  or  Junior  High  School,  (3) 
Senior  High  School,  (4)  Manual  Training  or  Commercial  High  School,  (6)  Vocational  School. 

80.  Primary  Schools. — Primary  schools  accommodate  children  from  kindergarten  age 
(4  to  6  years)  up  to  and  including  the  6th  grade,  where  there  is  a  junior  high  school,  and  up  to  the 
8th  grade  where  no  junior  high  school  exists.  The  plan  of  the  building  is  very  simple  and  con- 
sists principally  of  class  rooms  accommodating  40  to  42  pupils  each.  It  may  or  may  not  have 
an  auditorium.  If  it  has  an  auditorium,  it  need  only  be  large  enough  to  accommodate  }iio% 
of  the  pupils  at  one  sitting.  A  few  years  difference  in  the  ages  of  children  at  this  period  means 
considerable  difference  in  their  mental  development.  It  is  not  possible  to  talk  to  the  entire 
group  of  1st  to  8th  grades,  without  talking  over  the  heads  of  the  smaller  children  or  beneath 
the  older  ones.  For  this  reason,  they  are  assembled  in  groups  of  only  a  few  years'  difference  in 
age,  and  not  so  large  an  auditorium  is  needed.  There  is  no  objection,  however,  other  than  the 
cost  to  having  an  auditorium  seating  the  entire  school,  as  it  is  often  desirable  to  get  all  the  pupils 
together  for  some  special  occasion,  such  as  at  Christmas  time,  or  for  other  entertainments. 

A  play  room  or  exercise  room  is  provided  to  take  care  of  the  ehildren  at  reoess  and  before  school  during  stormy 
weather,  and  equal  in  area  to  about  1600  sq.  ft.  It  is  not  usually  called  a  gymnasium  because  little  or  no  apparatus 
is  used. 

The  primary  school  is  (tf ganised  on  the  simplest  basis  and  the  children  do  not  go  from  room  to  room  as  in  the 
departmental  scheme,  but  remain  in  the  same  class  room  and  under  the  same  teacher  all  the  time. 

In  sehoob  including  the  7th  and  8th  grades,  a  few  special  rooms  are  included,  such  as  manual  arts  room, 
bousebold  arts  room«  drawing  room.  eto. 
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40.  Intermediate  or  Junior  High  SchooL — The  junior  high  school  Is  an  innovation  in  the 
8ctux)l  organijsation  which  is  being  received  with  great  favor.  Educators  claim,  many  adr&- 
tages  both  from  a  financial  and  an  educational  standpoint.  Where  junior  high  schools  enc 
the  entire  school  system  is  organised  on  one  of  several  ways,  such  as  the  6-6^  the  d-S-^,  or  tke 
&-3-^  plan,  the  latter  meaning  6  years  primary  school,  3  years  junbr  high  school,  sad  3 
years  high  schooL  The  other  schemes  are  adopted  to  meet  certain  special  aitaatioaB  as,  for 
instance,  in  the  6-^  plan,  the  community  may  have  a  large  and  well  organised  high  adKHi 
which  is  large  enough  to  include  the  7th  and  81h  grades.  The  pupils  are  therefore  put  in  wfA 
the  high  school  and  no  additional  building  is  needed.  As  the  high  school  enrollment  inuusu. 
however,  instead  of  enlarging  the  high  school  building,  the  junior  high  school  can  be  hoik  ■ 
which  will  be  accommodated  the  7th  and  8th  grades  and  the  first  year  high  school  class,  tiaa 
relieving  not  only  the  high  school  but  the  grade  schools  as  well.  The  school  Byniesa  wiU  tha 
be  organised  on  the  6-3-3  plan,  which  seems  to  be  the  most  desirable. 

The  following  claims  are  made  in  favor  of  junior  high  schools: 


1.  Children  in  the  adoleseent  ttage  are  beet  housed  in  sepmrate  buildings  away  from  the  eztremdty 
pupils  as  well  as  the  more  mature. 

2.  As  the  junior  high  schools  are  usually  run  on  the  departmental  plan  or  to  a  great  estent  mi  that 
provides  an  easy  break  between  the  very  muoh  supervised  primary  sohool,  and  the  high  school  where  the  i 
is  thrown  on  his  own  resources  and  responsibility. 

3.  The  children  are  often  kept  a  little  longer  at  school  and  instead  of  leaving  on  oompletion  of  the  8th 
as  they  probably  would  under  the  ordinary  8-4  cvganisation,  they  are  encouraged  to  complete  the  junior  highKhool 
course,  which  includes  the  9th  grade  or  1st  year  high  school.  There  is  also  the  chance  that  having  gone  thnsih 
the  9th  grade,  the  pupil  will  be  interested  to  go  further. 

4.  It  is  possible  to  give  better  instruction  under  the  departmental  plan  where  the  pupils  so  to  special  tfsrfim 
for  certain  subjects  than  it  is  where  one  teacher  instructs  in  all  subjects.  Pupils  have  a  more  diversified  eonwrf 
study  and  wider  experiences  in  a  junior  high  school  organisation,  and  are  therefore  better  equipped  to  fo  oa 
into  the  world's  struggle  than  they  are  under  the  S-4  system.  Promotions  are  usually  nuule  by  snbjeeti  ud 
not  by  grades;  this  makes  for  efficiency  and  permits  the  pupil  especially  bright  in  any  subjeet  to  progrcMBOi 
rapidly. 

(5)  The  9th  grade  or  first  year  high  school  class  is  always  the  largest  in  a  high  school,  and  more  popih  4n9 
out  during  or  at  the  end  of  this  year  than  at  any  other  time  in  the  high  school  course.  The  three  upper  high  mktd 
classes  are  of  a  more  even  number,  and  the  chances  are  that  a  pupU  entering  the  second  year  will  complete  ^Uijk 
school  course.  It  is  therefore  more  economical  from  a  building  standpoint  to  house  this  larce  number  of  pvpfli  ii 
the  lowest  high  school  grade  in  a  building  which  is  not  so  costly  or  elaborately  equipped  •■  a  modern  seniar  ki|h 
school  b'iUding. 

(6)  The  number  of  pupils  in  a  class  is  generally  reduced  from  42  to  85,  thus  plaoins  it  on  the  high  sekod 
basis  and  furnishing  mctfe  individual  instruction  to  each  pupil  in  the  class. 

More  special  rooms  are  provided  than  in  a  primary  school  but  not  so  many  or  so  eiaboratelr 
equipped  as  in  a  senior  high  school. 

41.  Senior  High  SchooL — ^Almost  everyone  is  familiar  with  the  usual  senior  high  school, 
its  organisatbn  and  general  arrangement.  The  tendency  is  to  have  more  elective  oouns 
and  place  special  emphasis  on  the  difference  between  the  courses  for  those  going  to  ooUege  aad 
those  whose  education  ends  upon  graduation  from  the  high  school.  Many  special  rooms  are 
included  and  these  will  be  described  in  detail  under  separate  headings. 

42.  Manual  Training  and  Commercial  High  Schools. — These  are  specially  planned  sad 
equipped  schools  for  the  teaching  of  special  subjects.  A  manual  training  high  school  shooki 
not  be  confused  with  a  vocational  school.  In  the  manual  training  school  tiie  pupil  gives  atto- 
tion  to  many  subjects  in  order  to  have  a  variety  of  experiences,  and  a  trained  eye  and  hand  u 
well  as  a  trained  mind.  In  a  vocational  school  the  pupU  gives  special  attention  to  one  certaii 
vocation  and  its  allied  studies  with  a  view  of  taking  up  the  subject  for  his  life's  work. 

The  commercial  high  schools  specialize  on  subjects  similar  to  the  ordinary  busioeaB 
college,  such  as  bookkeeping,  typewriting,  stenography,  letter  writing,  business  arithmctk, 
business  law,  customs,  etc. 

It  is  the  tendency  at  the  present  time  to  concentrate  the  various  different  d^jmrtments  in  one  large  high  wAot^ 
and  not  split  them  up  into  a  number  of  separate  units  teaching  special  subjects.  These  are  known  as  "eomrsf 
hensive,"  or  "cosmopolitan"  type  of  high  schools.  It  is  claimed  that  the  pupil  has  a  better  ehaoee  to  make  w 
intelligent  choice  of  his  life  work  by  being  in  close  association  with  pupib  in  various  oourses  and  if  he 
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time  goes  on,  that  it  is  best  to  make  an  adjustment  or  change  in  his  oourse  of  studies*  it  can  easily  be  ananced 
without  the  neoessity  of  changing  schools. 

48.  Vocational  Sohools,  and  Smith-Hughes  Bill. — ^The  object  of  the  vooational  school  is 
to  fit  an  individual  to  pursue  effectively  a  recognized  profitable  employment.  It  is  intended 
for  persona  over  14  yr.  of  age  who  are  preparing  for  a  trade  or  industrial  pursuit.  It  is  not 
intended  to  take  the  place  of  the  regular  schools,  but  in  a  large  measure  is  intended  to  keep 
interested  and  at  school,  pupils  who  would  otherwise  leave  and  go  to  work.  The  number  of 
pupils  leaving  school  and  seeking  employment  at  the  early  iEtge  of  14  yr.  is  alarming,  and  the 
cause  of  their  leaving  and  starting  to  work  is  not  always  an  economic  one.  With  courses  of 
studies,  such  as  the  vocational  school  will  provide,  a  great  number  of  these  pupils  can  be  kept 
at  school  2  or  3  yr.  longer  and  receive  sufficient  training  in  useful  occupations  to  take  them  out 
of  the  unskilled  labor  class. 

The  U.  S.  Qoyemment  has  recognised  the  need  of  more  skilled  artisans*  and  realises  that  it  is  not  a  local 
matter.  A  puinl  may  be  born  in  California*  get  his  training  in  Massachusetts,  and  later  spend  his  days  as  a  machin- 
ist in  Indiana.  In  recognition  of  the  above  condition  Congress  passed  the  Smith-Hughes  Bill  establishing  the  Fed- 
eral Board  for  Vocational  Education  and  renders  financial  aid  to  the  various  states  where  vocational  schools  are 
established.  The  bill,  however,  does  not  grant  any  money  for  the  building  or  equipment;  this  must  be  taken  care 
of  entirely  by  the  community.  The  financial  aid  from  the  Government  is  to  be  devoted  toward  payment  of  the 
teachers'  salaries  and  the  training  of  teachers. 

Vocational  schools  are  built  separately  for  boys  and  girls  and  it  is  important  to  give  an  actual  shop  atmosphere 
to  the  building  and  its  work  rooms.  Its  shops  should  be  amply  large  and  flexible  so  as  to  take  care  of  changing 
conditions.  In  most  vocational  schools  special  attention  is  given  to  local  industries.  Boys'  schools  include  such 
eourses  as  plumbing,  electrical  work,  pattern  making*  sheet  metal  work*  automobile  and  gas  engines,  printing, 
briok  lasring,  carpentry,  sign  painting*  blacksmithy,  machinery,  etc.  Qirls'  schools,  such  courses  as  drnsmaking, 
millinery,  suit  and  doak  making,  children's  clothing,  novelty  work,  electric  power  machine  operating  trades,  fea- 
ther and  paper  working*  weaving*  glove  .making,  straw  hat  making,  embroidery*  hemstitching,  sample  mounting, 
eto.  About  70  %  of  the  girls  forced  to  become  wage  earners  in  the  skilled  trades  take  up  some  form  of  dreaa- 
makingt  All  of  the  shops  and  work  rooms  should  be  laid  out  as  near  actual  working  oonditions  in  the  trade  as 
possible.  The  advice  of  the  instructor  in  the  various  shops,  as  well  as  advice  of  heads  of  large  and  successful 
local  industries,  should  be  sought  and  followed  by  the  school  board  and  architect  in  designing  and  equipping  the 
school  building. 

Vocational  schools  and  junior  high  schools  are  the  two  newest  types  in  schoob  that  have  been  dweAoj^ed  in 
the  past  10  years,  and  indications  point  to  rapid  development  in  these  two  types  in  the  immediate  future. 

44.  Continuation  or  Part-time  Classes. — Ck)ntinuation  classes  are  for  the  purpose  of 
continuing  a  pupil's  education  for  a  certain  time  longer,  when  he  has  been  permitted  to  leave 
and  go  to  work  at  an  early  age.  .  Part-time  classes  are  organized  when  an  employer  recognises 
the  advantage  to  him  of  improving  the  skill  and  training  of  his  workmen.  He  permits  certain 
of  his  younger  employees,  at  his  expense  and  during  working  hours,  to  go  to  school  for  special 
instruction  in  his  particular  line  of  work. 

45.  Wider  Use  of  School  Buildings. — ^In  line  with  the  more  intensive  use  of  school  buildings 
for  instruction  purposes,  has  come  the  wider  use  of  these  buildings  for  community  or  neighbor- 
hood purposes.  In  designing  the  building,  the  architect  should  keep  in  mind  this  wider  use 
and  arrange  certain  rooms  which  are  likely  to  be  used  by  the  community  so  that  they  are  easily 
accessible  without  disturbing  the  school  while  in  session,  or  so  that  these  rooms  can  be  used  at 
nights  or  holidays  without  the  necessity  of  opening  up  the  entire  building. 

Among  the  rooms  most  likely  to  be  used  by  the  community  are  the  following:  (1)  The  auditorium  for  lectures* 
moving  pictures,  plays,  concerts,  political  meetings,  etc. ;  (2)  the  kindergarten  for  small  dances,  receptions  by  tea- 
chers, the  home  and  school  association*  ot  similar  bodies;  (3)  the  gymnasium  for  large  dances  and  receptions,  for 
men  or  boys*  gymnasium  classes,  for  neighborhood  basketball  teams,  for  boy  scouts,  etc.;  (4)  the  library  as  a  cir- 
culating branch  from  the  central  public  library;  (5)  the  domestic  science  room  by  the  Red  Cross  or  other  society,  a 
community  kitchen,  or  preparing  refreshments  for  socials  or  receptions  held  in  other  parts  of  the  building;  (6)  a 
room  so  arranged  with  an  outside  entrance*  or  that  is  near  one,  so  it  can  be  used  on  election  dajrs  as  a  voting  place; 
and  (7)  toilet  and  shower  rooms  made  accessible  for  plasring  grounds  so  they  can  be  used  during  summer  vacations, 
and  at  hours  when  scho^  building  is  closed.  These  are  all  uses  separate  and  distinct  from  the  day  or  evening 
schools,  and  should  be  l>rovided  for  not  only  to  stimulate  interest  and  pride  in  the  school,  but  to  develop  and 
maintain  the  best  Ame^can  citisenship. 

46.  Height  o^  School  Buildings,  and  One-story  Schools. — It  is  an  axiom  in  school  con- 
Btruction  to  hav^as  few  stories  as  possible.    Basements  with  floor  lines  below  grade  level  are 
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being  eliminated.  These  basement  stories  contain  very  much  waste  space,  are  oftentimes  damp 
and  are  always  poorly  lighted.  When  the  school  becomes  crowded,  classes  are  practicafly 
always  placed  in  these  unsuitable  quarters  either  permanently  or  temporarily,  until  a  nev 
school  can  be  built.  In  many  large  cities,  notably  Boston,  New  York,  Chicago,  and  Clevdiad, 
basements  are  being  eliminated  and  the  first  floor  placed  one  step  above  the  general  gruk 
level.  This  makes  the  rooms  in  the  lowest  story  as  well  lighted  and  as  dry  and  usuable  as  soy 
in  the  building.  The  heating  plant  is  sometimes  placed  in  a  small  basement  under  the  ground 
floor,  but  as  thb  makes  a  very  deep  excavation  necessary,  it  is  better  to  place  it  in  the  buildii^ 
on  the  ground  floor,  or  in  an  extension  outside  the  main  building. 

It  seems  agreed  that  a  building  3  stories  or  2  flights  of  stairs  high  is  about  the  limit  for  m 
school.  While  in  very  large  cities  schools  are  sometimes  built  higher,  it  is  an  exception,  aod 
it  is  only  the  congested  districts  and  immense  value  of  land  that  makes  it  necessary.  Gnde 
schools  which  are  built  2  stories  of  1  flight  of  stairs  high  are  preferred  to  a  higher  buildii^ 

A  recent  development  in  school  buildings  is  the  large  1-story  schoolhouse.  This  idea  is  confined  prtDcipeSr 
to  primary  or  grade  schools  and  has  many  advantages.  It  eliminates  9tatrs  and  in  many  casea  each  room  hu  t 
exit  door  to  the  outside  on  grade,  besides  being  connected  to  the  school  corridors,  thus  nukking  each  dass  room  men 
or  lees  of  a  unit  in  itself.  Numerous  examples  of  this  type  of  school  have  been  built  in  California.  Orecon,  Ksani 
City*  Minneapolis,  Rochester,  and  around  Chicago. 

The  advantages  claimed  are  as  follows:  (1)  Safety  from  fire  and  panic;  (2)  quicker  and  cheaper  to  build;  sad 
(3)  elastic  in  plan,  with  additions  easily  made. 

Its  one  great  disadvantage  la  the  sise  of  the  plot  of  ground  required  and  the  added  ooet  of  this  land. 

While  12  rooms  with  auditorium  and  kindergarten  seems  to  be  the  average  maximum  aise.  the  City  of  Oef^ 
land  is  building  l-stmy  schools  oonsidorably  larger  in  sise,  made  necessary  principally  by  the  drastic  requiremcati 
of  the  Ohio  school  building  code. 

Many  of  the  1-etory  schools  have  a  minimum  amount  of  light  admitted  from  the  side  walla,  with  the  majaity 
of  the  light  coming  from  an  overhead  skylight.  This  has  a  special  advantage  in  thoee  rooma  facing  south,  wkm 
during  a  greater  part  of  the  day  the  window  shades  have  to  be  pulled  down  on  account  of  the  sun  shining  iato  cba 
rooms.  The  skylight  is  built  on  the  principle  of  the  saw-tooth  factory  roof,  and  faces  north.  No  sun  can  iluit 
into  the  room  through  this  type  of  skylight  and  yet  the  desk  farthest  from  the  outside  windows  is  as  wdl  fii^ted 
as  those  next  to  the  windows. 

It  is  predicted  that  the  1-story  schools,  witL  floor  on  grade,  without  basements,  will  come  into  very  goienl  me 
in  our  smaller  cities,  for  medium  sise  grade  school  buildings. 

47.  School  Building  Measurements. — In  order  to  bring  about  a  standard  of  comparBos 
as  to  cost^  pupil  capacity,  cubature,  etc.,  the  following  report  has  been  adopted  by  the  Ameriru 
Institute  of  Architects,  and  also  by  the  Committee  on  Standardization  of  School  Buildings  of 
the  National  Educational  Association.  It  is  recommended  and  urged  that  these  directioos 
be  closely  followed  in  preparing  data  on  school  costs,  etc. 

For  the  purpose  of  obtaining  comparable  data  upon  the  educational  utility  and  cost  of  school  buildings,  tbc? 
shall  be  classified,  measured,  and  defined  as  follows: 

Edueatitmal  Clatsification:  School  buildings  shall  be  classified,  educationally,  as:  lower  elementary,  upfs 
elementary,  hight  or  secondary. 

Lower  Slementary:  Shall  be  defined  as  a  building  containing  class  and  kindergarten  rooms,  together  with  tbe 
usual  accessory  rooms,  such  as  principal's  office,  teachers'  rooms,  play  rooms,  toilets,  etc.,  and  used  for  the  lover 
elementary  grades  only. 

Should  a  school  building  of  this  type  be  provided  with  assembly  room,  gymnasium,  or  other  special  roons,  h 
shall  fall  into  the  next  classification. 

Upper  Elementary:  Shall  be  defined  as  a  building  containing  lower  or  upper  elementary  srades,  and  in  additicB 
to  the  regular  class  and  accessory  rooms,  an  assembly  hall,  gymnasium,  and  such  special  rooms  as  may  be  included 
for  upper  grade  or  special  work,  which  may  include  elementary  science,  elementary  industrial  training  and  kooae- 
hold  arts. 

This  classification  would  thus  include  the  Junior  High  School,  the  Elementary  Industrial  or  other  types  of  apee- 
ial  elementary  schools. 

High  or  Secondary:  Shall  be  defined  as  a  building  containing  class  rooms,  recitation  rooms,  laboratories,  sk! 
euch  special  rooms  as  are  necessary  for  classical,  technical,  commercial,  industrial,  household  arts,  normal,  sgriesi- 
tural,  or  other  purposes  required  for  secondary  or  junior  college  education. 

Conelrttction  CUuaifieation 

Type  A. — A  building  constructed  entirely  of  fire  resistive  materials,  including  its  roof,  windows,  doors,  fleon 
and  finish. 

Type  B. — A  building  of  fire  resistive  construction  in  its  walls,  floors,  stairways  and  ceilings,  but  with  wood 
finish,  wood  or  composition  floor  surface,  and  wood  roof  construction  over  fire  resistive  oeilinjg. 
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Type  C. — A  building  with  mafloary  walla,  fire  resistive  corridors  and  stMrways,  but  with  ordinary  oonstr action 
otherwise,  •'.«.,  oombustible  floors,  partitions,  roofs  and  finish. 

Typm  D. — A  building  with  masonry  waUs,  but  otherwise  ordinary  or  joist  oonstruotion  and  wood  finish. 

Type  B. — A  frame  building  constructed  with  wood  above  foundation  with  or  without  slate  or  other  semifire- 
proof  mAterial  on  roof. 

Notm:  Should  buildings  of  any  of  the  above  olaasifieations  be  erected  without  complete  ventilating  systems 
or  other  mechanical  equipment,  due  note  should  be  made  of  such  fact  in  reporting  its  cost  data. 

Co9t  UnUa 

To  determine  educational  utUity  of  the  building,  obtain  the  cos<  per  pupA. 

To  determine  construction  cost  of  building,  obtain  the  eoH  per  cubic  foci. 

The  divisor  to  be  used  to  determine  the  eoef  per  pup«,  shall  be  determined  by  the  number  of  pupils  normally 
Ac«oinmcKlated  in  rooms  designed  for  classes  only.  In  arriving  at  the  number  of  pupils,  special  rooms  are  to  be 
(isured  at  the  actual  number  of  pupils  accommodated  for  one  class  period  only.  Auditorium  or  assembly  rooms  are 
13  be  icnored,  but  gymnasiums  may  be  figured  for  one  or  two  classes,  as  the  aeoommodation  may  provide.  No 
l*xmnaaium,  however,  shall  be  accredited  with  two  classes,  if  below  40  X  70  ft.  in  sise. 

Cod  per  Cubic  Foci. — To  obtain  the  cube  of  a  school  building,  multiply  the  area  of  the  outside  of  the  building 
at  the  first  floor  level  by  the  height  of  the  building  from  6  inches  below  the  general  basement  floor  to  the  mean 
lieicht  of  the  roof.  Parapet  walls,  stacks  and  other  projections  beyond  the  mean  height  oi  the  roof,  as  well  as 
balooniea  and  porehes  not  contributing  to  the  actual  usable  floor  of  the  building,  are  to  be  ignored. 

Where  portions  of  the  building  are  built  to  different  heights,  each  portion  is  to  be  taken  as  an  individual  unit 
and  the  rule  as  above  applied. 

Cod  Itema 

The  cost  of  school  buildings  shall  be  divided  into  four  general  items: 

Firat. — Ck)st  of  land  and  grading. 

Socond. — Cost  of  building  construction. 

Third. — Cost  of  furniture  and  fixed  equipment. 

Fourth. — Coet  of  architects',  engineers',  brokers'  and  supervision  services. 

Firat. — Coat  of  land  and  grading  should  include  the  cost  of  the  site  and  the  necessary  grading  to  place  it  in  con- 
dition to  receive  the  building.  Should  the  site  be  abnormal  and  require  piling,  filling,  quarryifig,  or  other  unusual 
expenditures  to  place  it  in  normal  condition  to  reoeive  the  building,  such  costs  are  also  to  be  charged  up  against  the 
site  and  not  the  building. 

Socond. — Cod  of  buOding  should  include  (a)  general  contract  and  any  sub-contracts  pertaining  to  the  general 
eonatruction  of  the  building,  as,  for  example;  excavating,  masonry,  fireproofing,  steel  construction,  carpentry, 
csfcbinet  work,  sheet  metal  work,  roofing,  painting,  etc. 

ih)  All  contracts  for  electrical  work,  plumbing,  vacuum  cleaning,  sewage  disposal,  heating  and  ventilating, 
clock  Bsrstems,  blackboards,  elevators,  or  any  other  contract  for  any  part  of  the  building  not  included  above,  neoea- 
■itry  to  complete  the  same,  ready  for  occupancy. 

(c)  The  cost  of  all  site  improvements,  such  as  walks,  drives,  yard  paving,  fencing,  and  landscape  gardening. 

Third.— Cod  offumiiure  and  fixed  egutpmen/:  (a)  Should  include  cost  of  all  portable  furniture  and  cabinets;  all 
laboratory  and  shop  equipment;  and  all  other  equipment  which  would  not  be  classified  as  "  Educational  Supplies." 

(b)  All  decorations,  including  special  painting  or  decoration  of  any  kind  that  may  not  be  included  in  the  gen- 
eral painting  contract.  Hangings,  rugs,  pictures,  casts,  and  other  forms  of  decorations  furnished  at  the  time  of 
the  occupancy  of  the  building  which  are  not  classified  as  "  Educational  Supplies." 

Fourth. — Cod  of  architecla\  angineera*,  brokcra*  and  aupernaioa  aernecs  should  include  the  cost  of  all  plans  and 
•pecifications,  architects',  engineers*,  landscape  gardening  and  supervision  and  all  other  experts'  services  and 


48.  Orientfttion  of  Building. — In  cities  where  ground  space  is  limited  and  streets  laid  out, 
it  is  already  settled  which  way  the  building  will  face.  In  rural  sections  and  on  large  sites  more 
choice  is  possible.  It  is  generally  agreed  that  where  possible  all  rooms  should  have  sunshine 
Bome  time  during  the  day.  This  can  best  be  done  if  the  building  is  faced  midway  between  the 
cardinal  points.  Otherwise,  the  majority  of  the  rooms  should  face  either  east  or  west.  Southern 
expofiured  is  objectionable  because  the  curtains  have  to  be  lowered  most  of  the  day;  this  re- 
duces the  light  to  considerable  extent  and  is  otherwise  annoying.  Sunshine  is  not  objectionable 
in  laboratories,  in  fact  is  quite  desirable;  bilateral  light  in  these  rooms  is  also  satisfactory.  The 
pupils  move  around  in  various  positions  and  are  not  confined  to  one  spot,  as  in  a  class  room. 
This  free  movement  of  the  pupils  in  laboratories  and  shops  permits  them  to  adjust  the  light 
to  the  work  they  are  doing  and  under  these  circumstances  there  is  no  objection  to  bilateral 
lighting. 

48.  Class  Rooms. — ^The  unit  of  the  school  is  the  class  room  and  the  building  is  built  prima- 
rily to  accommodate  these  rooms.  Laws  of  different  states  vary  as  to  the  number  of  square  feet 
and  cubic  feet  to  be  allowed  per  pupil  in  class  rooms.  In  Pennsylvania  and  New  York  it  is  15 
sq.  ft.  of  floor  space  and  200  cu.  ft.  of  air  space  per  pupil.    In  New  Jersey  it  is  18  sq.  ft.  floor 
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space  and  200  cu.  ft.  air  space.  In  Ohio,  16  sq.  ft.  and  200  cu.  ft.  for  primary  grades,  18  sq.  ft 
and  225  cu.  ft.  for  intermediate  grades,  and  20  sq.  ft.  and  250  cu.  ft.  for  high  schoob.  In  grade 
schools  40  to  42  pupils  are  usually  accommodated  in  a  standard  class  room  while  in  a  higji 
school  30  to  35  pupils  is  the  custom.  The  minimum  height  of  class  rooms  is  usually  placed 
at  12  ft.  In  New  York  State,  13)^  ft.  is  the  minimum  and  is  arrived  at  by  dividing  15  sq.  ft  per 
pupil  into  the  required  200  cu.  ft.  per  pupil  which  gives  a  result  of  13K  ft.  Sizes  of  class  roomi 
vary  slightly,  a  room  24  X  30  ft.  accommodating  40  pupils  in  New  Jersey.  A  standard  class  room 
in  New  York  City  is  24  X  28  ft,  in  Pittsburgh,  24  X  32  ft.  6  in;  in  Boston,  23  X  29  ft.  fcr 
lower  and  upper  elementary  grades  and  26  X  32  ft.  for  junior  high  schools.  Recitation  rooms 
in  Boston  are  made  16  X  26  ft.,  or  one-half  a  class  room.  It  would  seem  that  24  ft.  is  the  maxi- 
mum width  that  can  be  recommended  for  a  class  room,  while  22  or  23  ft.  is  a  noore  desirable 
width. 


Where  wood  jdsts  are  used  in  floor  oonatruotion,  economy  dictates  it  should  be  planned  so  the  stock 
of  22,  24,  or  26-ft.  timbers  can  be  used.     A  maximum  length  for  a  class  room  of  not  oyer  34  ft.  is  good ; 
rooms  longer  than  this  the  teacher's  Y<nee  reaches  the  last  rows  with  difficulty,  and  scholars  hare  trouble  in : 
work  plaoed  on  front  blackboards. 

Unilateral  or  lighting  from  windows  only  on  the  long  side  of  the  room  on  the  left  side  of  the  poptl  is  the  bat 
practice,  and  is  insisted  upon  in  most  states  where  there  are  any  requirements  at  all.  Under  oertain  eoaHitinsi 
bilateral  lighting  is  permitted,  with  a  minimum  of  light  in  rear  of  room  at  back  of  pupils.  Lisht  ahould  new  b» 
admitted  through  windows  in  front  of  rooms,  with  children  facing  it.  In  kindergartens,  shops,  playrooms,  ob- 
nsfiiums,  laboratories,  bilateral  lighting  is  permitted.  Window  heads  should  be  kept  dose  to  oeiling  so  m  ts 
project  the  light  as  far  across  the  room  as  possible;  it  is  a  good  rule  that  the  width  of  the  room  shall  not  eu«ed 
l>i  to  twice  the  distance  from  floor  to  head  of  window.  The  net  glass  area,  after  deducting  all  area  oceuined  far 
frame,  sash,  muntins,  etc.,  should  not  be  less  than  20%  of  the  floor  area  of  the  space  whieh  it  illumlnatea. 

Blackboards  of  slate  H  1°-  thick  should  be  installed  on  all  available  wall  surfaeea.  In  prunary  gnwls  the 
chalk  trough  is  plaoed  26  in.  above  the  floor;  in  intermediate  grades  30  in.;  and  in  high  schools  33  in.  Slate  blsek- 
boards  come  in  stock  widths  of  3  ft.  6  in.,  4  ft.,  and  4  ft.  6  in.  Boards  4  ft.  wide  are  to  be  preferred.  Near  frost  mi 
of  room  a  bulletin  board  should  be  installed  in  same  frame  as  the  blackboard.  This  is  usually  made  of  cork  m 
exhibits  and  notices  can  be  pinned  to  them — sise  of  panel  about  4  ft.  high  by  3  to  5  ft.  long. 

Window  openings  oh  inside  should  have  trim  omitted  and  plaster  returned  into  jambs  and  head*.  Plain  wood 
sill  and  aprons  are  generally  used,  but  slate  or  bull-nosed  glased  brick  sills  are  very  desirable  so  growing  plaati  as 
be  placed  in  windows,  or  windows  left  open  and  no  varnished  woodwork  to  be  repainted  when  damaged  by  water. 

Floors  should  be  of  maple,  rift  sawn  yellow  pine,  or  other  good  hard  wood  depending  upon  local  ooaditiost— 
plain  wood  base  about  7  in.  high,  with  quarter-round  molding  top  and  bottom.  If  glased  brick  or  slate  base  ess  bt 
afforded,  it  is  desirable  on  account  of  washing  compounds  used  on  floors  which  eat  off  the  varniah  of  the  wood  hoe. 

A  minimum  amount  of  plain  wood  trim  should  be  used,  either  of  oak,  chestnut,  or  similar  hardwood  depeodisi 
upon  locality.  Picture  molding  should  be  used  in  all  rooms  and  corridors.  Combined  bookcase  and  statiootir 
closet  is  required  in  each  class  room,  also  steel  ctf  wood  lockers  for  teachers*  wraps.  Special  color  finishes  on  wood- 
work are  to  be  discouraged.  The  raw  wood  should  be  stained  slightly  to  make  it  approximate  the  color  of  *'goUa 
oak. "  This  permits  furniture  of  standard  shade  to  be  purchased  and  match  wood  trim  of  room  and  also  STodi 
trouble  later  on  when  any  additional  furniture  is  needed  in  matching  same  with  the  special  color  of  the  finish  is  thi 
room.  Plaster  walls  and  ceilings  should  have  a  smooth  finish;  sand  finished  surfaces  are  not  desirable  for  saaituy 
reasons.     Painting  of  walls  should  be  included  in  the  building  contract. 

'  One  door  to  corridcMr  at  teacher's  end  of  the  room  where  it  is  under  control  is  suflloient.  Doors  should  be  3  ft 
2  in.  to  3  ft.  6  in.  wide  and  7  ft.  high  with  small  clear  glased  panel  in  upper  part.  Door  should  open  out  from  cioi 
room  into  corridor.     Transoms  are  seldom  used. 

•0.  Wardrobes.— -Provision  has  to  be  made  to  take  care  of  pupils*  clothing  and  a  distinetioB  la  ussdir 
made  between  wardrobes  and  doak  rooms.  A  wardrobe  is  a  shallow  closet  and  a  part  of  the  room,  while  • 
cloak  room  is  a  separate  room  about  5  to  6  ft.  wide  located  at  one  end  of  the  class  room.  Cloak  rooms  hsw 
been  preferred  up  to  recent  years  when  economy  has  encouraged  the  use  of  the  wardrobe  aoheme.  A  ssvinf  ia 
length  of  a  class  room  unit  of  about  4  ft.  is  accomplished  in  the  use  of  wardrobes,  as  theae  ocoupy  a  width  d 
2  ft.  against  5H  to  6  ft.  for  cloak  rooms.  This  amounts  to  quite  an  appreciable  saving  in  a  building  4  or  f 
class  rooms  in  length.    In  either  the  wardrobe  or  cloak  room  scheme,  thorough  ventilation  ahould  be  provkiad. 

•1.  Corridors.-^ TFuttA.— ^Minimum  8  ft.  where  serving  4  class  rooms,  10  to  12  ft.  wide  where  more  gIms  roooi 
are  taken  care  of.  Width  of  corridor  increases  in  proportion  to  its  length  and  distance  between  staircases.  What 
staircases  occur  at  ends  of  corridor,  10  ft.  is  the  minimum  width.  Some  authorities  reoonkmend  extremely  wide 
corridors  up  to  14  to  16  ft.  THere  is  no  objection  to  this,  in  fact,  it  is  desirable  if  it  can  be  afforded.  A  coapco> 
mise  plan  is  to  make  the  side  corridors  the  minimum  width,  with  a  front  corridor  12  or  14  ft.  wide  that  eaa  be  seed 
for  various  purposes,  such  as  exhibition  space,  reception  hall,  etc.  High  school  corridors  should  be  wider  than  thoe 
in  grade  schools,  so  as  to  afford  proper  room  for  circulation,  as  the  high  school  cissses  change  and  pupils  more  is 
different  directions  every  40  minutes. 

lAffht. — Direct  outside  light  and  air  desirable,  at  least  enough  so  that  no  artificial  light  will  be  required 
ordinary  conditions. 
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^loorn.— May  be  woodt  asfrfuJi*  oemeBt,  terrasso,  tilet  beary  linoleam  glued  dowiii  oompoeitaon,  or  any  mate- 
haI  thAi  will  withstand  heavy  wear,  and  that  ie  non-elippinc,  noieelew,  and  Mtnitary. 

fFatneeaCtna. — The  lower  part  of  plaster  walla  gets  exoessiyely  heavy  wear,  a  protective  wainsooting  of  some 
kond  la  desirable,  may  be  glased  briok  or  tile,  or  the  eement  or  oomposition  floor  oontlnued  up  the  side  walls.  Fabrie 
iluied  to  the  walls  is  not  latlsfaotory  on  aooount  of  tendency  to  peel  up  at  joints.  Wood  should  not  be  used  on  ae- 
eovint  oi  fire  hasard. 

n.  Stairways. — LocaH&n. — Should  be  properly  distributed  in  order  to  serve  equally  all  parts  of  building. 

looated  at  ends  of  ootridois,  have  the  advantage  of  being  always  in  sight  and  saving  spaee  in  building. 
Nutmbtr. — ^Laws  of  different  states  vary.    Two  staircases  are  sufficient  when  there  is  not  more  than  8  class 
OD  seeond  and  third  floors.     Building  with  0  or  more  rooms  on  upper  floors  should  have  8  or  more  staircases 
depending  upon  sise  of  building.    Another  rule  is  sufficient  stain  to  empty  building  within  8  min.,  counting 
thmt  120  pupils  can  pass  a  given  point  two  abreast  in  1  min. 

IFttliJk.-^hould  be  sufficient  for  two  pupils  walking  side  by  side,  but  too  narrow  for  three.  Ordinarily  4  to  6 
It.  wide  for  each  run.  Wider  stairs  should  be  at  least  8  ft.  wide  for  each  run  with  hand  rail  down  center  made 
around  landings. 
(Homatnuium, — Should  themselves  be  fireproof  if  possible,  even  in  frame  buildings,  and  always  ^nolosed  in  fire- 
walls with  smoke  screens  separating  them  from  the  corridor.  May  be  iron  with  slate  or  other  treads,  or  re- 
iaf oroed  concrete  with  iron  safety  treads.  High  balustrades  at  oenter  between  runs,  open  if  iron  or  solid  if  concrete. 
Hskiid  rails  both  sides  ni  all  runs.  Stairs  should  have  two  runs  to  each  story,  with  landing  in  center  and  one  flight 
re4<irning  oo  the  other.  Rise  of  steps  should  be  6  to  7  in.  No  winders  permitted.  Where  boys'  and  girls'  toilets 
mre  looated  in  basement,  two  staircases  shall  extend  to  basement.  No  closets  for  storage  purposes  permitted  under 
atttin.  Where  small  differences  in  levels  occur  between  different  portions  of  building,  an  inclined  plane  or  ramp 
ahould  be  used  instead  of  a  few  steps.  At  bottom  td  stairs  should  be  a  vestibule  between  it  and  the  outside  air. 
Vestibule  provided  with  heat  to  prevent  cold  outside  air  from  coming  directly  into  staircase  enclosure  and  making 
the  temperature  in  same  appreciably  different  from  the  temperature  in  corridor.  Other  special  types  of  stair* 
rmwum  are  used,  such  as  the  duplex  stairs  in  New  York  City,  and  the  smoke  proof  factory  tower  used  in  Philadelphia, 
n.  Toilet  RoonSd — LoeaUon. — In  grade  sohools,  prinoipally  on  lower  floor  accessible  from  indoor  playroom  and 
outdoor  playgrounds.  Abo  desirable  to  have  minor  emergmcy  toilets  on  upper  floors.  In  high  schools  where 
riaBBea  ehange  evefy  40  min.,  toilets  are  best  distributed  throughout  the  building,  where  they  are  easily  accessible 
vrlien  nlssses  change. 

NumlMr  of  Pigktn9.^^0ptidoim  differ  as  to  correct  number  of  fixtures  for  a  given  number  of  pupils.  The  ten- 
deney  is  to  install  too  many  fixtures,  rather  than  too  few,  with  a  corresponding  waste  of  money.  Good  practice 
eeems  to  dictate  one  W.  C.  to  each  26  boys  and  one  urinal  to  every  25  boys.  For  girls,  one  W.  C.  to  every  25. 
Two  or  three  lavatories  for  each  toilet  room  depending  upon  the  sise. 

Tw  o/Pitiwre. — Water  dosets  should  be  seat  action,  and  as  near  **  fool  proof  "  as  possible.  Open  front  seats 
reecMnmended.  Individual  porcelain  urinals  preferred  to  slate  or  soapstone.  Urinal  flushed  automatically  from 
tank,  and  turned  off  at  night.    Continuous  range  water  closet  and  trough  urinals  should  not  be  used. 

Floart. — Some  nonabsorbent  materials  such  as  cement,  asphalt,  or  tile.  Also  desirable  to  wainscot  room,  with 
briek,  tHe^  or  cement. 

LighHng, — Plenty  of  light  and  air  are  essential  and  more  important  than  in  many  other  rooms. 
M*  Undergarteiis.— LoeolKm. — On  lowest  class  room  story,  comer  room  with  southern  exposure  preferred, 
bilateral  lighting  permitted. 

»im. — Larger  than  a  regular  class  room  and  equal  to  an  area  of  1000  to  1500  sq.  ft.  Often  arranged  so  it  can 
be  divided  into  several  smaller  rooms  with  folding  doors  so  class  can  be  separated  into  small  units. 

D99ign  and  SvnjfmerU. — Usually  made  more  attractive  than  a  class  room,-  walls  paneled  with  high  wainscot, 
plaster  walls  above  painted  and  stendled  and  often  decorated  with  nursery  scenes.  Ilreplaee  sometimes  installed 
*t  one  end  of  room.  Plaster  oasts  and  pictures  of  juvenile  subjects  hung  on  walls.  Flower  boxes  placed  in  windows. 
To  give  greater  area  to  room,  a  bay  window  is  often  installed,  in  which  is  located  a  low  down  window  seat.  A  sepa- 
rate entrance  is  desirable,  as  the  kindergarten  should  be  a  separate  unit  in  itself  so  that  the  small  children  have  no 
reaeon  to  go  into  the  main  part  of  building,  either  for  entranoe,  dismissal,  or  otherwise.  It  should  have  its  own 
wardrobe  and  toilet  room  fitted  up  with  juvenile  sise  fixtures,  also  wardrobe  space  for  two  or  three  teachers.  A 
drinking  fountain,  set  down  low  so  it  can  easily  be  reached,  should  be  located  in  room.  Plenty  of  storage  space  in 
eloaets  or  looken  should  be  provided  for  toys  and  materiaL  Little  blackboard  space  is  necessary,  but  cork  display 
boards  for  taeking  up  exhibits  should  be  plentiful. 

M*  Oynaaaiams^ — Many  states  have  enacted  physical  training  and  military  training  laws  and  are  requiring 
iiwtraotloos  In  same  as  part  of  the  course  of  study  in  the  school.  This  makes  necessary  large  gymnasiums  and  play- 
grounds for  drill  and  exercise  purposM. 

LoeaHon, — The  gymnasium  can  be  located  either  on  the  ground  floor  or  upper  story;  the  ground  floor  having 
the  preference,  because  it  has  direct  aooess  to  the  playground,  and  can  also  be  used  more  conveniently  at  night  for 
eotnmunity  purposes. 

Sim, — In  high  sehods  it  should  be  large  enough  to  be  used  by  the  community  at  night  for  playing  basketball. 
The  minimtim  gUe  of  a  basketball  court  is  35  X  60  ft.  while  the  maximum  sise  is  50  X  90  ft.  At  least  3  ft.  should 
be  allowed  on  all  sklca  of  the  court.  If  companies  of  pupils  drill  in  the  gymnasium,  it  should  be  at  least  50  X  70 
ft.  in  else  or  larger.  In  high  schools  of  800  or  more  pupils,  one  gymnasium  is  not  sufficient  to  take  care  of  all 
Classen.  In  this  case,  economy  can  be  effected  by  providing  an  additional  exercise  room.  This  room  can  be  the 
area  of  about  two  class  rooms  and  can  be  used  efficiently  for  all  ordinary  purposes.  The  large  gymnasium  can  be 
uaed  by  the  boys  and  girls  alternately,  or  at  such  times  as  they  have  basketball  games  or  other  special  exercises. 


762  .    HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  4-^ 

EquipfnenLr^lsi  the  Uurgw  symnaaiums,  runniog  traok*  are  someiimes  inatallod,  but  the  imdeney  is  to  do  al 
the  running  poaaible  in  the  open  air.     Galleriea  are  iwovided  for  apectatora  to  watoh  the  interseholaatie  gamea. 

Height. — The  height  of  the  room  ahould  not  be  leaa  than  18  ft.  nor  more  than  26  ft.  If  lower  than  18  ft.  then  a 
not  auffident  awing  for  the  flying  ringa.  If  higher  than  26  ft. » the  aupporta  for  theae  rings  mnat  be  hung  down  to  tha 
level. 

Floor. — A  maple  wood  floor  ia  practically  alwajra  inatalled  in  a  gymnaaium. 

Minor  Room: — Off  the  gymnaaium  ahould  be  located  the  Phyaical  Director'a  offioe  and  also  the  boyi*  aad 
girls*  locker  rooms,  toilets,  and  shower  rooma.  A  drinking  fountain  should  be  inatalled  to  avoid  the  uutnaiUj  rf 
pupils  going  out  of  the  room  for  water.  A  room  should  be  provided  to  atore  apparatus  when  it  ia  diwrid  to 
dear  the  floor  for  basket  ball,  a  dance,  or  other  purpoaea. 

6f  •  Swimming  Poola. — The  importance  of  everyone  knowing  how  to  swim  is  beoominc  more  and  moreresfiMd 
as  time  goes  on  and  made  part  of  the  high  aohool  curriculum.  It  is  only  the  high  cost  of  installation  and  maxatc* 
nanoe  that  prevents  the  more  universal  use  of  this  item  of  education. 

Loco/ion.— On  lower  floor. 

Con«frtu;(ion.-H3hould  be  built  in  the  moat  aanitary  way,  using  impervious  tile  or  g^a«i*d  brick.  It  takrs  caa- 
stant  care  and  attention  to  keep  a  swimming  pool  sanitary  under  the  beet  oonditiona,  ao  thai  poob  built  of  eeaeat 
or  any  absorbent  material  should  be  avoided. 

Size. — The  length  of  the  pool  should  be  46,  60,  or  76  ft.,  or  in  any  caae  a  multiple  of  3  ft.,  aa  awimming  contiali 
are  always  meaaured  by  yards.  The  pool  need  not  be  very  wide,  especially  for  beginnera,  who  are  more  caaly 
reached  in  case  of  need  in  a  narrow  pool,  the  width  being  usually  from  20  to  25  ft.  The  desirable  aiae  pod  fort 
high  achool  is  at  least  20  X  60  ft.  The  depth  of  the  pool  at  the  ahallow  end  averagea  3  ft.  6  in.,  while  at  the  decy 
end  about  8  ft. 

Minor  Rooma. — In  connection  with  the  pool  ahould  be  the  locker  and  dreanng  rooma  with  their  ahowcr  faatkit 
toileta,  towd  supply  room  equipped  with  laundry  tubs. 

Temperature,  Light,  Etc. — The  pool  room  should  have  plenty  of  natural  light  and  ventilation  and  shodd  be 
kept  warmer  than  the  ordinary  class  room.  It  must  be  remembered  that  many  of  the  children  uaing  the  pool  sn 
undernourished,  and  the  temperature  of  the  water  should  average  around  74  to  76  deg.  or  nsore  to  avoid  diaconfot. 

J^gutpmenl. — The  pool  must  be  equipped  with  heater  to  keep  the  water  in  the  pool  at  the  proper  temperstexc, 
a  pump  to  circulate  the  water,  and  a  filter  and  steriliser  to  purify  the  water.  Aa  the  pool  has  a  capad:^  of  SCMBI 
to  60,000  gal.,  it  necessarily  cannot  be  emptied  except  occadonally;  the  average  seems  to  be  onoe  per  week  yAsH 
the  pool  is  bdng  used  to  any  great  extent.  It  usually  takea  about  24  hr.  to  fill  the  pool  and  to  bring  the  water  ap 
to  the  proper  temperature. 

67*  Library. — It  ahould  be  decided  whether  the  library  ia  to  be  for  the  school  only,  or  a  ciroulating  library  raa 
in  codperation  with  the  central  public  library  serving  a  community  purpoae. 

Loeation. — If  for  the  achool  only,  it  can  best  be  located  at  some  central  point  in  the  building  near  Stody  "tbB. 
If  for  community  purposes,  it  must  be  located  on  the  ground  floor  near  an  entrance,  aa  to  be  of  the  moat  me,  H 
will  have  to  be  open  at  timea  when  the  school  is  dosed. 

Site. — The  tendency  is  to  give  more  space  to  the  library  and  to  require  the  pupil  to  get  familiar  with  ita  proper 
use.  Not  less  than  1000  to  2000  sq.  ft.,  depending  upon  sise  of  school  and  number  of  books  in  library.  An  atto- 
dant  is  always  at  hand  to  give  assistance  and  very  often  a  atock  room  and  work  room  are  abo  included. 

Bquipment. — Bookcases,  reading  tablea,  and  chaira,  magasine  racks,  card  catalogs,  librarian's  desk.  The 
room  should  be  made  attractive  and  given  a  library  atmoaphere. 

68.  Anditoriom.— Xrocotton. — It  should  be  centrally  located  and  made  aocesdble  not  only  to  the  pupils,  bat  to 
the  general  public. 

Siee. — In  high  sdioola  it  should  accommodate  the  entire  atudent  body  at  one  aitting,  while  in  grade  athocb  k 
may  or  may  not  accommodate  the  entire  school,  often  H  to  H  of  the  pupils  will  be  auflident,  aa  the  younger  pa^ 
are  not  usually  brought  into  the  auditorium  at  the  same  time  as  the  older  ones. 

The  seating  capadty  may  be  determined  by  dividing  the  area  of  the  room  in  aquare  feet,  not  indudiag  tW 
atage,  by  6H  sq.  ft.  for  each  person,  which  includea  the  necessary  aides.  Seatea  are  usually  10  or  20  in.  wide  sad 
apaoed  at  least  80  in.  back  to  back.  Width  of  center  aialea  are  3  ft.  at  their  narrowest  part  and  increased  towsxth 
rear  at  the  rate  of  IH  In*  for  every  5  ft.  in  length,  bide  aisles  2  ft.  6  in.  wide  at  narroweat  part,  increaaing  ^«  ia. 
to  every  5  ft. 

J^gutpiiMnt. — Provision  should  be  made  for  atage  curtain  and  acenery  for  school  and  communis  playa.  Tk 
stage  should  be  liberal  in  Me  to  take  care  of  large  graduating  classes,  community  chorus,  or  <HrcheBtra,  and  shodd 
be  accessible  from  the  rear  for  tiie  apeakers  and  players  without  the  neceedty  of  thdr  paaaing  through  the  audieace. 
An  electric  plug  should  be  installed  for  stereoptioon  and  moving  picture  lantern,  a  moving  picture  booth  aad  a 
stereopticon  curtain.     Arrangementa  should  be  made  for  darkening  the  auditorium  in  the  daytime. 

Where  the  auditorium  is  used  for  study,  lecture,  or  redtation  purposes,  several  rows  of  aeata  in  front  ahodd 
be  provided  with  folding  tablet  arms  so  pupils  can  take  notea  or  write.  Every  other  seat  should  be  thus  equipped, 
leaving  the  intermediate  seats  for  the  pupils'  books,  etc. 

Where  the  corridor  extends  along  either  side  of  the  auditorium,  openings  can  be  cut  through  the  wall  and  aerrr 
as  an  overflow  space  for  the  audience  during  commencement  and  other  times.  These  openings  should  be  elusd 
with  obscure  glass  windows  so  that  the  auditorium  can  be  used  and  view  from  corridors  cut  off  when  desired. 

69.  Chemical  Laboratory. — Loeation. — Usually  on  top  floor,  corner  room,  bilateral  lighting. 
Site. — Area  of  1200  to  1600  sq.  ft.  for  large  schoob. 

Bquipment. — Three  long  chemistry  tables  accommodating  four  pupils  on  each  side,  or  total  of  24  pupils.  Foaie 
hoods  with  spedal  ventilation,  and  chemical  storage  closets  against  walla.     Gas  and  water  connection  at  taUca  ia 
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«ft<sh  pupil,  alao  sinlcs  at  ends  of  table  and  against  walls.     Electric  connection  to  each  table.     Blackboard  and  oork 
dlaplihy  board. 

In  oonneetion  with  chemical  laboratory  should  be  a  small  instructor's  office,  a  chemical  stock  room,  and  a  prep- 
Amtion  room. 

Ml  Phyrical  Labwatory. — Location. — Usually  top  floor  and  adjoining  chemical  laboratory. 
Sige. — 1200  to  1500  sq.  ft.  for  large  schools. 

B^uipmenL — Six  physical  laboratory  tables  accommodating  two  pupils  on  each  side,  total  of  24  pupils.  Eleo- 
trie  and  gas  connections  at  table  for  each  pupil.  Provision  for  different  kinds  and  voltage  of  electricity  at  each  table 
naually  obtained  through  motor  generator  set,  and  switchboard  with  proper  instruments.  Closets  for  instruments 
And  equipment. 

A  atore  room  for  apparatus,  a  preparation  room,  and  a  photographic  dark  room  equipped  with  sink,  should 
adjoin  and  be  part  of  the  physical  laboratory. 

•1.  Combined  Physical  and  Chemical  Laboratories. — In  schools  where  classes  are  small  it  is  possible  to  com- 
bine the  physical  and  chemical  laboratories  by  equipping  with  combination  furniture.  At  one  end  of  room  can  also 
be  placed  an  instructor's  demonstrating  table  with  tablet  arm  chairs  in  front  of  same,  thus  eliminating  the  science 
ledure  room. 

€8«  Science  Lecture  Room. — Location. — Adjoining  or  between  chemical  and  physical  laboratories. 
8iae. — Depending  upon  number  of  pupils  in  science  department,  usually  large  enough  to  seat  two  classes. 
B^uipmerU. — Tablet  arm  chairs  on  raised  platforms,  instructor's  demonstrating  table  in  front  of  room,  with 
wnter.  gas.  and  electric  connections,  fume  hoods,  stock  cabinet  and  blackboard  back  of  demonstrating  table, 
Bteit^tioon  electric  outlet  and  stereopticon  screen,  also  provision  for  darkening  room  in  daytime. 

C9«  Biological  Labwatory. — LoccUion. — Adjoining  other  laboratories  on  upper  floors  unilateral  or  bilateral 
lighting  with  one  side  southern  exposure  if  possible. 

Sia». — Area  of  about  1200  to  1500  sq.  ft.  and  accommodating  24  pupils. 

BquipfnerU. — Flat  top  tables  and  chain,  large  soapstone  sink,  aquarium,  exhibition  and  storage  cases,  in- 
structor's demonstrating  table  in  front  of  room.  If  school  has  a  conservatory,  it  is  located  in  connection  with  this 
laboratory. 

M.  Bookkaepinc  Room. — Location. — No  special  requirements. 

fitse. — Equal  in  area  to  1200  sq.  ft.  or  more,  depending  upon  number  of  pupils  to  be  accommodated. 
Bq^ipment. — Individual  bookkeeping  or  commercial  desks  for  each  pupil,  store  closets  for  stationery,  school 
b*nk  enclosure  located  at  one  end  of  room. 

•S.  Typewriting  Room,. — Location. — Connecting  with  bookkeeping  room. 
^SftM.'-About  same  sise  as  bookkeeping  room. 

Bquipment. — Individual  typewriting  desk  for  each  pupil,  cases  or  closets  for  storing  stationery,  wash  basin  for 
washing  up  after  changing  typewriter  ribbon  or  cleaning  machine. 

•S.  Stanosraphy  Room. — Location. — Between  and  connecting  with  bookkeeping  and  typewriting  rooms. 
8iMe. — Same  as  a  recitation  room,  or  one-half  to  two-thirds  of  a  class  room  unit. 

Xgtt{|nn«ni.— -Tablet  arm  chairs  for  pupils.  Clear  glass  partition  between  this  room  and  typewriting  room  so 
teacher  can  teach  class  in  stenography  and  at  same  time  supervise  pupils  practicing  on  typewriters.  Commercial 
arithmetic,  business  law  and  customs,  etc.,  also  taiight  in  this  room. 

fT.  Coftlrinf  Room. — Location. — Upper  floors  preferred  although  often  placed  in  basement.  Southern  ex- 
posure.    May  have  bilateral  lighting  if  a  corner  room. 

StMe. — May  consist  of  one  room  where  all  grades  are  taught,  or  two  rooms — one  for  elementary  cooking  and 
one  for  advanced  work,  usually  accommodates  24  pupils  at  one  time  and  should  not  be  less  in  area  than  1200  to 
1500  sq.  ft. 

Bquipnuni, — Flat  tables  with  small  individual  gas  stoves  on  top,  or  family  siie  gas  ranges,  sinks,  tables  and 
eupboards  when  operated  on  the  "unit"  plan.  Wardrobe  for  keeping  pupils'  caps  and  aprons,  dressers,  sinks,  ice 
box,  hot  and  oold  water  supply,  pair  of  laundry  tubs  for  washing  out  tea  towels,  etc.,  also  storage  closet.  Special 
attention  given  to  ventilation  of  room. 

•8.  Model  Apartment. — Loeaiion. — Connection  with  cooking  room. 

Stse.-— May  eonsist  of  only  a  dining  room  or  in  more  elaborate  building,  a  complete  apartment  consisting  of 
bed  room,  bath  room,  kitchen,  and  living  room.  Should  be  of  similar  sises  and  arrangement  to  rooms  found  in 
pupils'  homes. 

Bquipment. — Furnished  complete  same  as  rooms  in  private  dwelling. 
M.  Sewing  Room. — Loeaiion. — Preferably  adjacent  to  cooking  room. 
jStM. — Equal  in  area  to  1200  or  1500  sq.  ft.  depending  on  number  of  pupils. 

Bquipment. — Flat  top  sewing  and  cutting  tables,  usually  accommodating  24  pupils;  sewing  machines,  wash 
basin,  pressing  tables  and  electric  irons,  cabinet  with  individual  drawers  for  pupils'  unfinished  work.  Curtained 
off  alcove,  or  small  room  to  be  used  as  a  Fitting  Room. 

70,  Lanndry. — Location. — In  connection  with  other  rooms  of  household  arts  department. 
Sim. — Equal  in  area  to  750  to  1200  sq.  ft. 

B^ipmeiU. — Laundry  tubs,  steam  clothes  drier,  ironing  board,  and  electric  irons. 

71.  Lunch  Room  and  Utchen. — Location. — May  be  in  basement  or  upper  floor  adjoining  household  arts 

department. 

5{j0, — Depends  on  numbor  of  pupils  to  be  accommodated  at  one  time.     Allow  10  sq.  ft.  per  sitting  in  lunch 

room. 

Bq^ipmtM, — Operated  on  **  Cafeteria  "  or  '*  Self-serrice "  plan.     Flat  top  lunch  tables  seating  4  to  8  each,  serr- 
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ing  counter  at  one  end  of  room.     Kitchen  in  connection  with  thiB  room  to  be  of  sise  and  equipment  sufficieat  to- 
take  care  of  number  of  meals  served. 

7S.  Study  Rooms. — ^Purpoa«i— Occurring  in  high  schools  which  are  run  on  departmental  plan  and  are  to  aceoM- 
modate  pupila  having  no  recitation  during  a  certain  period  and  whose  home  class  room  is  occupied  by  annthw  cfaa 
at  recitation. 

Loco/ton.-— Central  and  easily  accessible  from  all  parts  of  building. 

Sum. — Accommodating  35  to  100  or  more  pupils  depending  upon  stie  of  school. 

BquipmerU. — Pupils'  desks  like  those  used  in  standard  class  rooms. 

7S.  Music  Department.— Loeotum. — Should  be  isolated  so  noise  of  practising  will  not  disturb  pupils  at  rtcki- 
tion  or  study. 

Sise. — May  be  several  rooms,  for  choral  work,  orchestra,  band,  with  several  practice  rooms,  depending  oa  kdv 
comprehensive  a  music  course  has  been  developed. 

^guipmen^.— Ordinary  dass  room  with  chairs  and  music  racks,  blackboard  for  writing  ntuaic,  piano,  and  stara«( 
cases  for  musio  and  instruments. 

74.  Bicycle  Room. — Loeation.-'^ik  lower  floor  with  incline  lending  to  entrance  door  from  outaide,  near  locbr 
rooms  if  such  are  included  in  building  plan. 

Sim. — Depends  upon  probable  nimiber  of  bicycles  used  by  pupils. 

Bquipfnent — Racks  against  wall  and  elsewhere  in  order  to  accommodate  as  many  bicycles  aa  poasible. 

71.  Store  and  Book  Rooms. — ^Ifooolton.— Within  easy  access  of  Prindpal's  office,  stock  doaet  in  PriaequTi 
office  for  day  to  day  aupply,  while  store  and  book  room  accommodates  bulk  supplies. 

19,  Teachers'  Rooms. — Ijoeation. — Easily  accessible. 

filtM.'- About  one-half  a  class  room  in  area. 

.fftfttipmeiU.— Comfortable,  furnished  like  a  sitting  room,  with  table,  chain,  rug,  couch,  etc.,  also  toikt  mm 
connected.  Gas  outlet  for  stove,  dresser  for  dishes,  and  provision  make  so  teachers  can  have  warm  lonck.  b- 
dividual  steel  lockers  for  teachers'  cloaks,  unless  provision  is  made  to  care  for  same  indaas  room. 

77.  Medical  Inspection  Room. — Loetution. — Adjoining  or  near  Principal's  office. 

Sii9.    Area  of  about  300  sq.  ft.  divided  into  waiting  room  and  office. 

Bquipm8ni.—'FlB,i  top  desk,  chairs,  scales,  wash  basin,  toilet,  first  aid  cabinet,  and  small  stock  cloaet.  Vib 
and  woodwork,  enamel,  painted  white. 

7t.  Dental  Clinic  Room. — ^Loco(ion.— Near  medical  inspection  room  and  near  minor  entrance  to  boildmc  3 
used  by  pupils  from  other  schools. 

Sim. — Area  of  about  300  to  400  sq.  ft.  divided  into  waiting  room  and  office. 

Bq^%pme^U. — Dental  chair,  instrument  and  medical  cabinet,  wash  stand,  desk,  chairs.  Wall  and  woodvok. 
enamel,  painted  white. 

79.  Manual  Training  Roonui  (Woodwork). — Location. — In  basement  or  on  lowest  floor,  corner  rcmm  ntthani 
with  bilateral  lighting. 

Siu.    Area  about  1200  to  1500  sq.  ft. 

Bqtiipment. — UsiukUy  24  work  benches,  large  soapstone  sink,  gas  outlet  for  glue  pot,  blackboard  and  eo^  £h 
play  board,  raised  bank  of  seats  for  demonstration  purposes,  small  room  or  rack  for  wood  stock,  amall  lork-f^ 
room  or  doset  for  tools,  etc.,  teachers'  closet,  floors  of  wood,  ceiling  plastered,  walls  plastered  or  exposed  Ink 
painted. 

80.  Open  Air  Class  Room. — Jjocation. — On  top  floor  of  building,  preferably  a  corner  roont,  with  window  oe 
two  sides.  Sometimes  adjoining  roof  which  is  used  as  a  play,  rest,  or  study  space,  and  covered  with  awsiaf  a 
summer. 

Size  and  EqMtinnent. — About  750  to  1000  sq.  ft.  area  with  adjoining  closets  for  storage  of  reclining  diain  aai 
blankets,  small  toilets  for  both  sexes.  Also  small  room  used  as  diet  kitchen,  with  refrigerator,  sink,  gas  stove,  ui 
cupboards.  Windows  arranged  to  open  100  %  and  room  protected  from  driving  rains,  while  windows  itS 
remain  open.     Desirable  to  arrange  heat  and  ventilation  so  room  may  be  used  tor  regular  clasa  room  if  deaiml 

81.  Board  of  Education  Room. — Location. — Nearby  and  easily  accessible  from  Secretary's  oflSec  and  Sapet- 
intendent  of  School's  office  on  main  floor  of  building  near  entrance. 

Siss.— Depends  upon  number  of  members  of  Board,  sise  of  school  ssrstem,  and  amount  of  room  available. 

J^Otttpinsnt. — Long  board  table  and  chairs,  also  chairs  for  public,  and  newspaper  r^reaentativea.  Toilet  rooa 
accessible  and  provisions  for  taking  care  of  members'  cloaks. 

81.  Superintendent  of  School's  OAce. — Location. — Near  main  entrance  and  Board  of  Education  room. 

Sim. — Depends  upon  sise  of  school  system.  Should  be  an  outer  or  clerk's  office,  and  inner  private  oftoL 
Board  of  Education  room  sometimes  serves  as  Superintendent's  private  office  as  well  as  Board  room. 

Bqu*Pfnent. — Fitted  up  with  office  furniture. 

88.  Secretary  of  Board  of  Education. — Location. — Near  Superintendent's  office  and  Board  room,  also  mm 
main  entrance. 

Sim. — Depends  upon  sise  of  school  system  and  may  or  may  not  have  both  public  and  private  ofldoea. 

Bguivment. — Fitted  up  with  office  furniture  including  a  large  safe  or  built-in  fireproof  vault  for  recorda. 

84.  Principal's  OAce. — Location. — Near  visitors'  entrance  to  building  on  main  floor. 

Sim. — Area  of  300  to  400  sq.  ft.  and  should  have  an  outer  or  public  space,  and  an  inner  private  office. 
Bquipment. — Fitted  up  with  office  furniture,  also  ample  supply  closets  and  toilet  facilities. 
Provision  should  also  be  made  for  night  school  Principal  and  Truant  Officer. 

85.  Rest  or  Hospital  Room. — Location. — Some  secluded  and  quiet  place.  Also  advantace  to  hawsaa 
xeaohers'  room. 
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Sin. — About  300  sq.  ft.  area. 

X4tttpin«itt.--^hairB»  table,  couch*  medicine  cabinet,  toilet  facilities. 

9%m  Play  Grounds. — Larger  play  apace  is  being  insisted  upon,  ^aoe  around  building  should  not  be  less  than 
200  aq.  ft.  for  each  pupil  accommodated  in  the  building.  Surface  should  be  of  rolled  day  and  sand  mixed,  which 
■rill  drain  quickly  and  easily  after  a  rain,  and  not  be  muddy.     Proper  play  ground  equipment  is  desirable. 

IT.  School  Gardens. — Adjoining  the  play  ground  should  be  space  for  a  school  garden,  laid  off  in  plots  for  each 
ria—  and  pupil.  If  we  are  to  make  our  future  dtisens  appreciate  the  farm  and  its  importance,  we  must  stir  up  the 
pupi]*8  interest  in  growing  things  by  the  actual  experience  of  having  part  in  raising  something  with  his  own  hands. 

S8b  Flag  Pole. — State  laws  require  generally  that  an  American  flag  shall  be  displayed  on  a  proper  flag  pole  when 
Behool  is  in  session  and  on  legal  holidays.  The  flag  pole  is  therefore  usually  included  in  the  building  contract.  It 
ia  better  located  on  the  school  grounds  rather  than  out  of  a  window  or  on  top  of  the  buildings  where  it  is  bothersome 
to  get  at.  On  the  ground  it  can  be  tised  as  a  rallying  point,  and  at  certain  times  the  entire  school  lined  up  around 
it  to  aalute  the  flag.  The  flag  pole  can  be  given  a  little  dignity  by  a  proper  base  of  iron  and  concrete  seat  around 
same,  rather  than  simply  embedding  it  in  the  ground.  Flag  poles  are  usually  of  wood,  40,  50.  60  ft.  or  more  in 
height.  Steel  flag  polos  are  used  in  some  dties  with  success,  but  care  should  be  exerdsed  to  give  them  some  diam- 
eter and  not  have  them  look  like  a  pip^  stem. 

SSb  Fireproof,  Semi-ilreproof»  Fire  Protection.— Needless  to  say  every  effort  should  be  made  to  have  our  new 
Bchoola  fireproof.  Semi-fireproof  usually  means  masonry  outside  walls  and  corridor  walls,  with  fireproof  floors 
in  corridors,  over  boiler  and  manual  training  rooms,  and  fireproof  stairs.  The  floor  construction  in  class  rooms 
and  roof  construction  are  in  this  case  of  heavy  timber.  The  first  essential  is  the  safety  of  the  life  and  limbs  of  the 
children.  To  this  extent  the  semi-fireproof  building  is  practically  as  safe  as  a  fireproof  one,  inasmuch  as  a  school 
building  can  be  emptied  within  two  minutes,  if  properly  designed  and  frequent  fire  drills  are  held.  There  is  an  eco- 
nomic loss  in  a  fire,  that  we  should  try  to  eliminate,  and  fireproof  buildings  at  slightly  higher  cost  will  accomplish 
this,  and  at  the  same  time  cost  less  for  maintenance  and  insurance.  All  schools  should  be  equipped  with  fire  alarms, 
fire  stand  pipes  and  hose,  also  chemical  fire  extinguishers;  all  of  which  should  be  frequently  inspected  and  kept  in 
Cood  working  condition. 

90.  Standardixation.— Most  cities  where  an  architectural  department  is  maintained  to  design  all  the  schools, 
or  where  schools  are  constantly  being  built,  have  standardized  their  requirements  and  embodied  them  in  book 
form  for  use  in  designing  future  building.  The  standards  of  Boston,  New  York,  and  Pittsburgh  are  available  for 
the  asking. 

In  order  to  determine  upon  standards  which  are  acceptable  to  the  country  generally  outside  the  large  cities, 
the  National  Educational  Association  has  a  committee  on  the  Standardisation  of  School  Buildings,  whose  reports 
are  also  available. 


OFFICB  BUILDmGS— ECONOMICAL  PLANNING  AND  GENERAL  DESIGN 

Bt  Frederick  Johnck 

The  planning  of  an  office  building  is  entirely  a  problem  of  securing  a  sufficient  amount  of 
good  light  floor  space  on  the  site  selected  so  that  the  net  income  will  be  large  enough  to  make  the 
investment  on  the  land  and  building  profitable  to  the  owner.  The  plan  must  be  such  that  the 
space  can  be  divided  into  small  or  large  offices  to  meet  the  tenants'  requirements.  To  make  this 
possible  the  elevators,  smoke  stack,  pipe  and  wire  shafts,  and  stairs  are  generally  arranged  along 
a  dead  or  alley  wall  so  as  not  to  use  good  light  space  that  can  be  more  profitably  used  for  offices. 
A  very  determining  point  in  the  location  of  the  elevators,  stairs,  etc.,  is  the  entrance  from  the 
street.  While  it  may  be  to  the  advantage  of  the  offices  to  enter  the  building  on  the  main  street, 
it  must  be  borne  in  mind  that  space  thus  taken  for  vestibule  and  corridors  has  a  very  high  rental 
value  as  store  space.  In  considering  the  plan  it  is  quite  safe  to  say  that  the  rental  space  in  the 
basement  and  in  the  first  and  second  floors  will  be  used  for  stores,  a  bank,  or  by  an  insurance 
company.    The  rental  of  these  three  floors  should  be  enough  to  carry  the  investment. 

In  regard  to  the  number  and  size  of  elevators  to  be  installed,  see  chapter  on  "Elevators 
and  Elevator  Service"  in  Part  III. 

91.  Toilets. — In  the  early  office  buildings  erected,  a  large  toilet  for  men  and  one  for 
women  were  arranged  on  the  top  floor,  but  as  this  space  was  light  it  was  too  valuable.  After 
that  the  toilets  were  arranged  on  the  light  court  side  on  one  of  the  lower  floors.  In  some  of 
the  latter  tjrpes,  smaller  toilets  have  been  arranged  on  each  floor.  This  is  more  desirable  from 
a  tenant's  point  of  view  and  saves  on  elevator  service  for  the  buUding  owner.  In  this  scheme, 
a  main  toilet  for  men  should  be  provided  on  one  of  the  lower  floors  near  which  the  barber  shop 
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can  be  located.  A  main  toilet  should  also  be  provided  for  women  and  a  small  rest  room  sfaonld 
be  maintained  in  connection  with  it.  These  main  toilets  will  serve  for  the  stores  on  the  baee- 
ment,  first,  and  second  floors.  In  the  smaller  type  of  office  buildings,  it  is  well  to  provide  smaO 
toilets  for  men  and  women  on  alternate  floors.  When  this  is  done,  a  small  urinal  toflei  should 
be  provided  for  men  on  all  floors. 

92.  Pipe  and  Wire  Shafts. — Pipe  and  wire  shafts  should  run  continuous  from  the  hise- 
ment  to  the  top  story.  They  should  be  conveniently  located  and  accessible  for  repairs  and 
installation  of  new  work.  In  addition  to  the  main  pipe  shaft,  a  number  of  smaller  ones  should 
be  built  so  that  lavatories  can  be  placed  in  each  office  or  suite  of  offices.  A  great  deal  of  care 
should  be  taken  in  locating  the  wire  shafts  so  that  the  conduits  for  each  floor  can  enter  the  shafts 
without  difficulty.  If  it  is  possible  to  have  two  wire  shafts,  one  at  each  end  of  the  buildiiig, 
it  is  well  to  do  so  as  this  will  reduce  the  length  of  the  home  runs  in  the  wiring  and  consf  queotlj 
reduce  the  cost  of  the  building.  All  pipe  and  wire  shafts  should  be  enclosed  in  tile  and  have 
all  openings  protected  with  metal  doors  so  as  to  reduce  the  fire  risks. 

93.  Floor  Finish. — In  the  office  sections,  it  is  customary  to  use  a  maide  floor  on  sleepen. 
The  top  of  the  floor  should  be  at  least  4^  in.  above  the  top  of  the  floor  construction,  so  as  to 
give  sufficient  spilce  for  runs  of  pipe  and  conduits.  Floors  in  corridors  and  in  toilets  should 
be  of  marble  or  tile. 

94.  Wire  Molds. — Wire  molds  of  ample  size  to  conceal  telephone  and  A.D.T.  wira 
should  be  provided  in  the  corridors,  as  these  wires  are  constantly  being  changed.  Tliey  caa 
be  run  open  in  offices,  although  they  are  often  concealed. 

95.  Type  of  Construction. — All  office  buildings  should  be  of  fireproof  construction.  Hie 
particular  type  of  construction  depends  largely  on  the  height  of  the  building  and  the  conditiDB 
of  the  steel  market.  It  is  safe  to  say  that  all  buildings  10  or  more  stories  in  height  should  be  of 
the  skeleton  steel  type  with  steel  girders  and  beams,  and  tile  arches.  Buildings  from  4  to  10 
stories  can  be  built  with  concrete  columns,  girders,  and  joists  with  tfle  fillers.  The  low  live 
load  required  for  buildings  of  this  class  make  it  rather  uneconomical  to  construct  them  witli 
concrete  floor  slabs,  as  by  so  doing  the  dead  load  is  increased  beyond  the  point  of  economy. 

96.  Arrangement  of  Offices. — For  high  office  buildings  in  large  cities,  the  arrangement  of 
an  outer  and  an  inner  office  has  been  found  to  be  the  best  from  a  rental  point  of  view  (see  Fig. 
24).  If  two  or  more  tenants  desire  to  have  offices  together,  the  dividing  partitions  between  the 
inner  offices  can  be  omitted,  as  shown  in  Figs.  26  and  26.     By  this  arrangement  the  tenantE* 
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Fio.  24. — Single  suite  of 
inner  and  outer  offices. 


Gwnrtr 


Stntt 

Fig.  25. — Double  suite  of 
inner  and  outer  offices. 


Fio.  26. — ^Triple  suite  of 
inner  and  outer  offices. 


Pia.^  27. — ^Doetor's 
suite  of  offi( 


expenses  are  decreased  since  the  same  telephone  switchboard  and  stenographic  force  can  be 
used  jointly  by  the  tenants.  In  the  new  four  and  five  story  office  buildings  that  are  now  being 
erected  in  the  smaller  cities,  the  inner  office  is  not  considered  a  desirable  rental  feature  doe 
perhaps,  to  two  reasons:  (1)  the  office  force  for  this  class  of  tenants  is  smaller  than  for  tenants 
in  larger  cities;  and  (2)  on  account  of  a  smaller  rental  value,  the  maintenance  on  this  waste 
space  greatly  reduces  the  net  profits  on  the  investment  for  the  owner. 

One  other  special  feature  in  office  planning  is  the  arrangement  of  offices  required  by  doctors.  Aa  it  is  vffy 
undesirable  to  discharge  a  patient  through  a  general  reception  room,  an  inner  passage  connecting  to  the  outer  cor- 
ridor should  be  provided,  as  illustrated  in  Fig.  27.  In  office  buildings  occupied  by  doctors  and  dentists,  proriskss 
should  also  be  made  for  laboratories,  and  dark  rooms  for  Z-ray  work.  A  space  should  also  be  arranged  for  a  dr^ 
stort. 
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97.  Office  Kequirements. — In  addition  to  the  ceiling  outlet,  eveiy  office  Bhonld  have 
b&se  pluga  for  desk  lights  and  fans.  A  lavatory  with  hot  and  cold  water  should  be  provided 
in  each  suite  of  of&oee.  These  are  sometimes  concealed  with  a  double  wardrobe,  one-half  for 
the  lavatory  and  the  other  half  for  elothea.  The  tope  of  these  wardrobes  should  be  left  open 
to  permit  a  tree  circulation  of  air.  For  doctors  and  dentists,  it  is  also  necessary  to  provide  gas 
outlets,  and  comi^eased  air.    Lavatories  in  these  offices  should  be  of  the  pedal  control  type. 


Tio.  Ha.—Tjtiicai  plwi  of  hish  dIBm  buildinc  on  tDiide  lot. 

98.  Story  Heights. — First  and  second  story  heights  in  office  buUdings  vary,  depending 
upon  the  requirements  of  the  tenants.  If  the  first  two  floors  are  used  for  stores,  the  first 
itory  height  can  be  from  15  ft.  6  in.  to  17  ft.  6  in.,  the  second  story  height  from  12  ft.  6  in.  to 
14  ft.,  and  the  typical  stories  11  ft.  6  in.  to  12  ft.  5  in. 
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W.  General  Plan. — An  office  building  on  a  comer  lot  naturally  gives  the  wmTniwnm 
□umber  of  light  offices.  If  the  lot  has  a  greater  width  than  50  ft.  for  a  high  building,  a  light 
oourt  is  necessary.  For  low  buildings  in  smaller  cities,  a  court  is  necessary  in  building  wido- 
than  26  ft.  Fig.  28  shows  a  plan  of  a  medium  siie  high  office  building  on  a  corner  tot.  In^ 
29  is  a  plan  of  a  high  building  on  an  inside  lot.  This  scheme  permits  only  a  few  offices  on  ik 
Jtreet  front  while  the  greater  portion  of  them  are  on  the  light  court. 
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FiQ.  30. — Typkal  floor  pl&n  of  4  or  S-alory  buildini 
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Pio.  31. — Typlral  plan  o(  4  or  5-«lory  office  bolldim  on  & 
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Pio.  32. — Typicfll  plan  oi 
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In  Fig.  30  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  the  aide  neii 
the  alley,  pig.  31  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  dK 
main  or  more  important  street.  In  Fig.  32  is  illustrated  a  plan  of  a  tow  office  building  on  u 
inside  lot. 

100.  Colunm  Spacing. — The  column  spacing  is  determined  by  the  width  of  the  offi« 
required;  the  width  and  length  of  the  lot  for  equal  spacinga;and  the  neceaaity  of  using  cconiHiiittI 
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Buee  of  Btecl  beams  and  girders.     A  spacing  of  about  19  ft.  has  been  found  to  be  veiy  good  and 
permits  two  offices  9  ft  wide  in  each  bay. 

101.  General  Deatgii.^The  uchitectural  treatment  of  the  exterior  is  a  problem  in  whicb 
eoHt  and  available  material  are  important  factors.  In  a  general  way  the  exterior  design  may 
be  treated  as  a  flat  wall  surface  with  terra  cotta  or  stone  cornices;  or  it  may  be  designed  with 
strong  horizontal  bands  at  the  window  sills  and  heads;  or  it  may  be  treated  with  vertical  piers 
with  a  Gothic  effect.  If  the  amount  of  money  at  hand  is  small,  it  is  well  to  treat  the  main  body 
of  the  building  in  a  very  simple  dignified  manner  and  only  use  ornamental  and  molded  stone 
or  terra  cotta  to  mark  the  entrance  to  the  building.  The  question  of  any  particular  style  of 
onuunent  to  be  used  is  a  matter  of  individual  taste  and  opinion.  In  the  designing  and  detailing 
of  the  ornament  a  human  interest  can  always  be  worked  in  so  as  to  give  the  building  distinctive 
character. 


PUBLIC  COMFORT  STATIONS 
By  Fbank  R.  Kinq 

The  tenn  "public  comfort  station"  denoles  a  structure  planned  (or  the  convenience  of  the 
general  public,  in  which  the  use  of  sanitary  toilet  facilities  constitutes  the  principal  service 
rendered.  It  is  generally  desirable  to  maintain  rest  rooms  in  connection  with  them.  A 
public  comfort  station  may 
take  the  form  of  a  privy  or 
an  inside  toilet  room  with, 
ivashing  facilities — the  type 
depending  upon  the  sise  of 
the  community,  the  availa- 
bility of  water  and  sewerage 
connections,  and  the  amount 
of  funds  at  disposal  for  the 
purpose.  Sanitary  equip- 
ment of  only  the  higheet 
grade  should  be  employed, 
inasmuch  as  constant  public 
use  m^es  the  wear  and  tear 
more  injurious  than  in  the 
average  toilet  room. 

Aa  these  stations  are 
for  the  public's  benefit,  pro- 
vision for  their  erection  and 
maintenance  should  be  re- 
garded as  a  pubUc  function, 
supported  by  the  funds  of 
the  state  or  municipality 
concerned.     8uch  funds  may  be  raised  by  direct  taxation  Oi  bond  issues. 

102.  Location  and  Operation. — The  maximum  success  of  public  comfort  stations  depends 
largely  upon  their  centra!  location,  which  means  they  should  be  established  in  the  more  con- 
gested districts  and  where  they  are  easy  of  access.  From  the  viewpoint  of  economy,  ease  of 
access,  and  central  location,  existing  public  buildings  usually  afford  desirable  sites  for  establish- 
ing  comfort  stations.  Thus  a  municipality  may  utilize  a  court  house,  municipal  buildii^, 
school,  fire,  or  police  station,  library,  public  market,  or  similar  building.  Other  suitable  sites 
are  public  squares,  parks,  playgrounds  and  bathhouses,  cemeteries,  bandstands,  and  bridge 
abutments.  Semi-public  places  such  as  oiling  stations  and  railroad  stations  are  suitable  for 
the  purpose,  and  in  some  cases  they  may  be  housed  satisfactorily  in  connection  with  other 
places  of  business,  such  as  stores  or  similar  mercantile  centers  (Figs.  37  to  44  incL). 
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Another  course  open  for  communities,  especially  cities,  is  the  erection  of  iniblic  comfort 
slatiotu  in  the  form  of  subBtKntial,  permaneot,  &nd  artistic  structuree  iDdependent  of  eustiBg 
buildings.    There  ctre  possibilities  for  the  development  of  this  type  of  station  as  real  municipal 

centers  for  public  coa- 
renieoce.  Following 
successful  csperieocc  in 
many  large  cities,  iher 
nuiy  be  made  to  pay,  in 
part  at  least,  the  ejipeuae 
of  operation  through 
coDceasioDS,  sucb  as  paj 
telephone  booths,  panxl 
check  stands,  vending 
machines,  shoe  shining 
stands,  newspaper  and 
magaEine  privileges,  and 
counters  for  the  sale  of 
souvenirs,  postcanfa, 
toilet  articles,  toweh, 
soap,  and  auto  con- 
veniences. PrimaiilT, 
however,  the  public  com- 
fort Btatioa  should  be 
regarded  as  a  free,  piMt 
i  nstitution,  with  loilrl 
.  and  washing  facilitM 
■  open  to  everybody,  and 
the  auxiliary  feature* 
mentioned  should  in  no  way  be  allowed  to  supplant  this  free,  public  use  nor  to  change  in 
the  alightest  degree  the  ptMic  charact«t  of  the  stations. 


^ 


Obviomly,  publio  earn 
adequate  aathority  to  enfonw  obedicDoe 

The  davetopment  of  the  publio 
comfoTt  atatian  movement  undoubt- 

for  th«  ooDrfnleDM  ol  ths  travdins 
publio.  Thii  may  well  involve  mak- 
iuf  tbs  hlshway  comfort  aUtion  an 
inUvral  part  pf  the  pnblic  hicbway 
■yatem  and  using  the  highway  patrol 

the  itation. 


ihle  and  prominently  placed, 
t  be  modot.  The  lUndard 
comiort  Btation  )i(n  (Fie.  *ii 
nmended  for  universal  adep- 


<y  rofular  attendanla,  idotbed  via 


ODvey  Eta  meaning  when 


tiiQ  deHTee  of  oomfort,  safety,  ai 
ea^Dea  of  Pasadma,  Catifomig 
jw  a  unlvfvaal  j>ablie  comfort  ati 


Fia.  B6. — JToot  plan 


blem  was  desi«ned  b;  A.  C.  Ouver,  a  domea 
be  American  Society  of  Sanitary  Encinevrv.  Ji 
w  uaed  eitetBively  tbrou^out  .tlu  enoniry. 
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103.  SubmJuioo  of  PUns. — Befora  proceeding  with  the  location,  design,  Mid  confltruction 
of  a  public  comfort  Btation  or  rest  room,  plans  and  specifioatioiiB  should  be  submitted  for  ap- 
proval to  the  State  Board  of  Health  or  other 
state  or  local  authority  vested  with  such 

104.  Superrision  erf  ConstinctlMi. — 
After  apjHDval  of  plans  has  been  obtained, 
construction  should  proceed  in  accordance 
with  the  established  regulations,  and  no 
changes  in  such  plans  should  be  made  with- 
out permission  from  the  proper  authorities. 
All  such  work  should  be  subject  to  inspec- 
tion by  the  oBicial  authority. 

106.  Adequacy  of  Toilet  and  Washing 

AccommodationB, — Toilet   accommodations  ■  .^.■ 

to  serve  the  needs  of  the  community  depend 

for  their  adequacy  upon  local  conditions,  so 

that  no  definite  rule  can  be  laid  down.     In- 
formation available,  however,  indicates  that 

under    normal   conditions  at  least,   there 

should  be  one  closet  for  every  1000  females 

nnd  at  least  one  closet  and  two  urinals  for 

every  1000  males  in  the  community,  assum- 
ing that  the   population,  or  the  number 

deemed  likely  to  frequent  the  station,  be 

divided  in  the  ratio  of  40%  females  and 

60%  males. 

Cnrtein  munioipaUtiea  or  rsorta  where  there  st* 

trequeotlr  Urie  iktlii-rinn  naturally  need  mots  u- 

commodatloDfl  thui  places  where  the  people  do  not 

lluctustB  at  awmble  to  much  extent.     In  the  Uek  ot 

definite  infomuUan,  therefore,  and  baoiuM  of  posu-    „       „....,  ,    , 

bk,   .!....<.   !•   O.;  d.vjin,..l  or  ..««.Sl!i!    ^'-  3«.-C™loi..tUl™ml|,^,ntb.b.m,«lcl.-l.. 

provitioB  aliriLya  abould  be  nede  for  incrHuini  the  eiae  of  the  building  or  room  snd  tor  inetaJliDs  additioDBl  fii- 

torea  should  the  oriclnal  nooommodiitloDB  become  Inadequate. 

Sfr,^  Each      eomfort      *t*t>an 

■hould  be  equipped  with 
adequate  wsehins  tscititire. 
There  should  be  at  I«it  ooa 
laTKtory  for  every  6  fiiturea 
(eloeeta  and  urinals),  or  fimc- 
tion.  One  lavitory  for  every  2 
or  3  fliturea  !■  rsoommended. 

106.  Entrance 
Screen. — The  entrances 
to  the  toilet  rooms 
should  be  properly  sepa- 
rated by  screens  or  other 
means,  and  wherever 
poasible  should  be  at 
least  20  ft.  apart  or  other- 
wise located  with  due 
regard    to    privacy    for 
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r«Dcce  and  renenJ  ai 


lOT.  Uniform  Sign  Required.^Every  public  comfort  station  should  have  displayed  in 
conspicuous  position  the  BtASdard  public  comfort  station  sign.     In  conjunction  with  this  en 
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Fio  40.-~8t*tii>n  lor  men  only.  h>T 
be  boU  oi  tba  tna  and  pmy  type 


Pio.  41. — BtatioD  iB  oooQMtifm  irith  hotel  baildint 


Fia.  42.  Fio.  43. 

Fio.  43.— Stktion  bnuBca  below^o  street  ■id^wilk.  Water,  sEwer,  liihtins  uid  heat  from  adJKeDt  boildiiw. 
boAtinc  ayiteu  may  be  an  iudependvut  plant.  Ventilation  by  means  of  an  ornamental  hoJIow  column  equipiifd  at 
ita  base  with  a  beatlnc  eiul,  ajr  eiputaion  Ian  or  iti  equivalent,  uid  the  top  •unnountcd  by  »  vcatiUtoc.  mmlst 
Matloa  mack,  and  mather-vaDc. 
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blem  there  should  be  plued  a  mark  iodicfttiDe  women's  entrance,  and  one  indioating  men's 
eotrance.  The  uniform  eign  ehould  be  placed  also  at  such  other  points  a«  are  best  adapted  for 
Buiding  the  public  to  these  Btatiooa. 

The  dcna  ibould  b«  ol  uuifDrm  dtaifD  thri>u(hout  the  lUte  uul  not  ]tm  thsn  8  X  11  la.  in  tima,  ei«Bpt  *b«t< 
m.  Wrwa  aica  obviouily  ia  prefscable.  Conslrteut  uoilormity  (hauld,  howoTir,  be  the  nile.  Th«  iiDivenal  aitn 
oduuMb  of  ■  ■mm  <aiAv  6  in.  in  dlsmiiUi  on  the  outalde  &Dd  L  io,  wide,  witti  s  white  oeattir  in  whiob  it  Mt  •  loui- 
pa^nted  onnte  oolond  Btu.     The  body  at  the  Bi(ii  in  wbite  mnd  the  border  uid  lettering  »rB  a  deep  blue  (Fi«,  4S). 

108.  VentilBtliMi  and  Light. — When  housed  within  a  building,  a  public  comfort  station 
•hould  be  so  placed  as  to  afford  light  and  air  by  windows  or  skylights,  or  open  directly  upon  a 
street,  alley,  court,  or  vent  shaft.     Every  such  vent  shaft  should  have  a,  horiiontsl  area  of  at 
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least  1  aq.  ft.  foi  each  water  closet  or  urinal  adjacent  thereto,  but  the  least  dimension  of 
such  shaft,  if  one  story  high,  should  not  be  less  than  3  ft. ;  if  two  stories  high,  not  less  than  4  ft. ; 
and  1  ft.  additional  for  each  extra  story. 

The  glass  area  for  a  toilet  room  containing  one  closet  or  urinal  should  be  at  least  4  sq.  ft., 
with  2  sq.  ft.  additional  for  each  additional  closet  or  urinal. 

In  addition  to  the  windawa  [^quired,  esch  tdlet  room  coDtainins  more  than  three  Bitm  (doaeta  and  uii- 
Bmb)  ahould  have  a  vent  flue  of  incombuatible  material,  vettieal  or  nwiy  verticial,  runnins  throuch  tba  roof,  rar- 
mounted  by  a  cap  or  hood  of  theaiphonio  tyiw,  and  the  vent  abonld  be  not  leaa  than  the  foliowinc  aiia: 

Four  fixtoraa S-in.  pipe. 

Fi«  or  ail  Biturea 10-in.  pipe. 

Seven  to  ten  fiiturea 12-iis.  pipe, 

If  tht  windowB  or  akytightj  cannot  be  opened,  vent  pipe*  alao  should  be  plaeed. 

not  more  than  two  clioeta  may  have  a  movable  vindov  on  auch  oourt,  provided  the  toilet  room  baa  a  vent  fluB  ex- 
tendlni  above  the  roof. 

Eioept  upon  vrittiin  approval  by  the  proper  ofieiala,  no  puhlio  comfort  atation  abaald  be  located  in  an  inte- 
rior room,  nor  in  aueh  peaitioa  that  it  oannot  be  given  outaide  light  and  ventilation. 

Every  public  eomfort  atation  ahould  be  artiflcialty  lighted  during  the  entire  period  the  baHdiBC  la  open  tor  uae, 
whan  adequate  natural  light  la  not  available,  and  ia  audi  manoer  that  all  parte  of  the  room  may  aaaily  be  viaible. 

109.  Size. — Every  public  comfort  station  should  have  at  least  10  sq.  ft,  of  floor  area  and 
at  least  100  cu.  ft.  of  air  apace  for  each  water  closet  and  each  urinal,  together  with  adequate 
waiting  room  area. 

110.  Floor.— The  floor  and  base  of  every  public  comfort  station  should  be  made  of  material 
(other  than  wood)  which  does  oot  readily  absorb  moisture  and  which  can  easily  be  cleaned.  Such 
floors  should  be  of  concrete  faced  with  a  cement,  tile,  or  marble  surface,  or  equivalent  material. 

To  make  a  concrete  floor  non-absorbent,  the  concrete  and  cement  top  dressing  must  be  a 
dense,  rich  mix,  finished  smooth,  and  kept  well  painted. 
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111.  Floor  Drains. — Toilet  rooms  of  this  type  should  be  provided  with  a  hose  faucet  and 
the  floor  graded  toward  a  drain  equipped  with  an  adequate  4-in.  trap.  This  trap  should  have 
a  movable  floor  grate  or  strainer. 

112.  Walls  and  Ceiling. — The  walls  and  ceilings  should  be  completely  covered  with  smcwth 
cement  or  gypsum  plaster,  glazed  brick  or  tile,  galvanized  or  enameled  metal,  or  other  smciotk, 
non-absorbent  material.  In  the  less  frequented  or  inexpensive  stations,  wood  may  be  used  if 
well  covered  with  two  coats  of  body  paint  and  one  coat  of  enamel  paint  or  spar  varnish.  But 
wood  should  not  be  used  for  separating  walls  or  partitions  between  toilet  rooms,  nor  ft^ 
partitions  which  separate  a  toilet  room  from  any  room  used  by  the  opposite  sex.  All  soch 
partitions  should  be  as  nearly  soundproof  as  possible. 

113.  Partitions  Between  Fixtures. — Adjoining  water  closets  should  be  separated  by  parti- 
tions. Every  individual  urinal  or  uiinal  trough  should  be  provided  with  a  partition  at  ea^ 
end  and  at  the  back  to  give  privacy.  Where  individual  urinals  are  arranged  in  batteiies,  a 
partition  should  be  placed  at  each  end  and  at  the  back  of  the  battery.  A  space  of  6  to  12  ia. 
is  required  between  the  floor  and  the  bottom  of  the  partition.  The  top  of  the  partition  should 
be  from  5}^  to  7  ft.  above  the  floor.  Doors,  of  the  same  height  as  required  for  partitions,  should 
be  installed  for  water  closet  compartments  used  by  women.  Doors  at  least  24  in.  high,  with  the 
center  about  3  ft.  above  the  floor,  should  be  provided  for  water  closet  compartments  used  by 
men.  All  partitions  and  doors  should  be  of  material  and  finish  as  prescribed  for  walls  and  ceil- 
ings.    Wood  is  not  recommended ;  if  used,  it  should  be  hardwood. 

114.  Service  Closet. — ^Each  toilet  room  in  such  stations  should  have  a  service  doaet, 
supplied  with  broom,  mop,  bucket,  soap,  toilet  paper,  toweling,  lime  or  other  disinfectant,  and 
any  other  materials  necessary  for  maintaining  cleanliness  and  serving  the  public's  needs  (Fig.  33). 

116.  Depositories. — Men's  and  women's  toilet  rooms  should  be  equipped  with  a  depositoiy 
so  designed  as  to  make  the  contents  readily  removable,  and  of  such  material  and  constructioii 
as  to  enable  it  to  be  kept  in  a  clean  condition. 

116.  Fixtures — Water  Closets, — ^All  water  closets  should  be  made  of  porcelain  or  vitreooB 
china  ware.  The  bowl  and  trap  should  be  of  the  combined  pattern  in  one  piece,  and  should  bold 
a  sufiicient  quantity  of  water  and  be  of  such  shape  and  form  that  no  fecal  matter  will  collect  on 
the  surface  of  the  bowl.  All  water  closets  should  be  equipped  with  adequate  flushing  rims,  so  as 
to  flush  and  scour  the  bowl  properly  when  discharged.  The  bowl  should  be  of  the  heavy  pat- 
tern, large  throatway,  siphonic  action  type. 

Frost-proof  closets  should  be  installed  only  in  compartments  which  have  no  direct  eon- 
nection  with  any  building  used  for  human  habitation.  The  soil  pipe  between  the  hoppra-  and 
the  trap  must  be  of  cast  iron,  4  in.  in  diameter  and  free  from  offsets.  This  tyjie  of  closet  should 
be  used  only  in  buildings  subject  to  extreme  frost  conditions.  When  frost-proof  closets  are 
installed,  the  bowl  must  be  of  vitreous  chinaware  or  iron  enameled  inside  and  outside,  of  the 
flush  rim  pattern,  provided  with  an  adequate  tank,  automatically  drained  to  guard  the  fixtuns 
and  piping  against  frost.  The  installation  and  use  of  this  type  of  fixture  should  be  discoungnf 
as  much  as  possible.  Under  the  most  favorable  conditions  little  can  be  said  for  this  cktset 
from  a  practical  and  sanitary  standpoint. 

UrinaU. — Urinaifl  should  be  made  of  material  impervious  to  moisture,  and  of  such  deaign,  nutteriala,  and  eoS" 
struction  that  they  may  be  properly  flushed  and  kept  in  a  sanitary  condition.  If  cast  iron  ia  used  in  the  constrae* 
tion  of  urinals,  it  must  be  enameled  on  the  inside  of  the  trough  or  bowl  and  coated  with  a  durable  paint  or 
enameled  on  the  outside.  Trougn  and  lip  urinals  should  have  a  floor  drain  placed  below  the  urinal,  and  the  floor 
should  be  graded  toward  the  drain.  Individual  urinals  rising  from  the  floor,  with  the  floor  pitched  toward  tto 
urinal,  made  of  porcelain  or  vitreous  chinaware,  and  equipped  with  an  effective  automatic,  or  equivalent,  flosbiBf 
device  and  adequate  local  vent,  are  recommended. 

Sinka  and  Wcuh  Bcuint. — Sinks  and  wash  basins  in  comfort  stations  should  be  made  of  earthenware,  vitreev 
chinaware,  enameled  iron  ware  or  other  impervious  material,  and  equipped  with  adequate  traps  and  self-dooBg 
faucets. 

Flush  Tanks. — All  flush  tanks  or  flushometer  valves  should  have  a  flushing  capacity  of  not  less  than  3  gal.  for 
^ater  closets  and  not  less  than  1  gal.  for  urinals,  and  should  be  so  installed  that  they  are  protected  against  frait, 
tampering,  etc. 

Open  Plutnbino. — All  plumbing  fixtures  should  be  installed  or  set  free  and  open  from  all  encloeing  work.  Where 
practicable,  all  pipes  from  fiztiu-es,  except  fixtures  with  integral  traps  rising  from  the  floor,  should  be  run  to  the  wall 
It  is  essential  that  all  plurabing  fixtures  for  this  type  of  service  be  of  high  grade,  and  of  such  design  and  construetioa 
and  so  installed  as  to  be  practically  fool-proof. 
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Piping. — Whor«Ter  prsetieable,  the  piping,  tanks,  flushing  devices,  traps,  etc.,  should  be  installed  exposed  in 
utility  chamber,  and  so  arranged  that  they  are  accessible  for  the  removal  of  stoppages  (Fig.  38). 

Pr^Uction  Agaifut  Froti. — All  water  closets  and  urinals  and  the  pipes  connecting  therewith  should  be  protected 
roperly  against  frost,  either  by  a  suitable  insulating  covering  or  by  an  efficient  heating  apparatus,  or  in  some 
Cher  approYsd  method,  so  that  the  facilities  will  be  in  proper  condition  for  use  at  all  times.  Toilets  should  be 
dequately  heated  in  eold  weather.     Heating  equipment  should  be  arranged  to  permit  cleaning  of  floors  and  walls. 

117.  Where  Water  and  Sewerage  Systems  Are  Not  Available. — In  localities  lacking  public 
ystems  of  water  and  sewerage,  the  disposal  of  human  wastes  may  be  accomplished  as  follows: 

(1)  3y  an  efficient  water  system  of  the  ''compressed  air  storage''  or  ''air  pressure  delivery" 
3rpe  and  a  proper  sewage  treatment  tank  and  disposal  units,  as  existing  conditions  may  require. 

(2)  By  outdoor  privies  or  other  toilet  conveniences  permitted  by  federal,  state,  or  local 
authorities,  when  local  conditions  make  it  impractical  to  install  a  water  supply  and  sewage 
lispoeal  system  (see  Part  III,  »Sect.  4,  on  "Waterless  Toilet  Conveniences").  Fig.  36 shows 
uch  a  station  equipped  with  chemical  closets. 
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118.  Cattle  Bam. — Manufacturers  of  cattle  stanchions  and  feed  and  litter  carriers  have 
leveloped  the  plan  arrangement  of  the  standard  cattle  barn.  The  stalls  are  in  two  lines,  the 
;atile  facing  on  the  center  able,  by  which  the  feed  and  water  is  distributed.  In  some  bams  the 
cattle  are  faced  to  the  outside  wall,  with  feed  alleys  between  the  stalls  and  the  windows.  The 
ttalls  are  formed  of  concrete,  pitched  slightly  to  the  back  where  a  gutter  extends  the  length 
\i  the  building.  The  finished  level  of  the  stall  floor  should  be  even  with  the  bottom  of  the  man- 
ner. The  stalls  may  be  paved  with  cork  bricks  or  creosoted  blocks.  The  block  paving  is  not 
mperative  where  ample  bedding  is  provided.  The  stanchions  and  stalls  are  formed  of  iron 
>ipe.  The  fabrication  of  this  equipment  has  been  specialized  so  as  to  be  adjustable  to  different 
(ised  cattle.  The  concrete  manger  is  formed  in  the  floor  stmcture.  Separating  partitions  of 
netal  prevent  the  cattle  from  robbing  each  other.  The  partitions  are  operated  by  a  lever  at  the 
md  of  the  row  of  stalls.  Watering  basins  of  cast  iron  are  placed  in  each  stall.  These  are  auto- 
natic,  self-filling,  and  are  said  to  be  non-freezing.  Feed  carriers  hung  to  overhead  railways, 
ind  litter  or  manure  carriers,  also  on  overhead  rails,  facilitate  rapid  attendance  on  the  cattle. 
rhe  manure  carrier  rails  are  extended  to  a  distance  outside  the  bam  so  that  the  carrier  is 
iutomatically  dumped  and  returned.  Hay  and  grain  are  stored  on  the  second  floor  of  the  bam, 
;he  structure  of  which  is  such  as  to  permit  a  hay  loader  operating  on  a  rail  to  fill  the  barn  nearly 
x>  the  top.  A  grain  mixing  room,  on  the  first  story,  is  connected  to  iron  lined  grain  bins  over- 
lead  by  chutes.  The  hay  is  delivered  by  chutes  to  the  first  floor.  The  silo  is  at  the  end,  or 
>n  one  side  of  the  bam.  It  is  from  10  to  18  ft.  in  diameter  according  to  the  size  of  the 
>am,  and  from  20  to  45  ft.  high.  One  side  is  closed  with  a  series  of  doors  connecting  by  a 
;hute  to  the  first  story.  The  silage  consisting  of  chopped  corn  stalks  or  other  fodder  finely 
;ut,  is  delivered  to  the  silo  by  a  metal  tube  through  which  the  silage  is  blown  by  a  powerful 
'an  to  the  top.  Just  enough  silage  is  taken  out  for  each  day's  feeding.  The  food  capacity  of 
liloe  is  given  in  the  following  table. 

Tabus  of  Standard  Interior  Dimensions  of  Silos  for  Feeding  Cattle  Six  Months 

AND  Eight  Months 


Number  of  cattle 

Tons  required  for 

Diameter, 
(feet) 

Height 

6  mo. 

8  mo. 

6  mo. 
(feet) 

8  mo. 
(feet) 

10 
20 
30 
40 
50 

36 

72 

108 

142 

180 

■   ■ 

96 
144 
192 
240 

10 
12 
14 
16 
18 

28 
31 
84 

34 
34 

■   ■ 

39 
41 
42 
47 
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The  ailo  may  be  of  wooden  Btavee  bound  with  iron  rods,  or  formed  of  heavy  wooden  ri 
iheathed  inside  and  out  with  vertical  matched  boarding,  or  of  vertical  etude  covered  with  b 
■ontol  1^  sidiiig  bent  to  the  circle.     It  may  be  of  hollow  clay  tile,  laid  in  mortar,  or  of  concrete 
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rmnforced  with  vertical  and  borisontal  roda.  The  silo,  whether  of  wood  or  masonry,  should 
rest  on  a  concrete  or  mBaonry  foundation  carried  2  ft.  above  ground  and  deep  enough  to  prevent 
frost  action.    CloiniB  are  made  for  wood  silos  that  they  are  more  resistant  to  ireexing  tbsn 
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masonry.  A  continued  period  of  cold  weather  will,  however,  freeze  the  silage  around  the 
outside  wall  in  any  construction.  In  a  windy  location  the  wooden  silo  is  likely  to  be  blown 
down  or  bent  over  on  account  of  its  light  weight. 

The  ▼entilatinn  of  the  oattle  bern  \m  done  by  «  gravity  syetem  oonsietinc  of  inlet  dueta  entering  the  outelde  of 
the  walls  midway  between  floor  and  ceiling,  and  discharging  into  the  barn  n«kr  to  the  ceiling  in  front  of  the  stock. 
Control  dampers  are  required.  The  ducts  are  distributed  at  intervals  of  10  or  12  ft.  on  the  walls.  The  out  take 
dttcta  are  large,  and  fewer  in  number,  placed  in  such  a  manner  that  the  air  will  be  drawn  under  the  stock  from 
front  to  rear.  The  foul  air  enters  the  ducts  near  the  floor  and  passes  in  as  nearly  a  vertical  line  as  possible  to  the 
ridce  of  the  bam.  A  special  form  of  vent  cap  prevents  back  draft  and  the  entrance  of  wind  and  snow.  Control 
dampers  are  desirable,  but  it  should  not  be  possible  to  close  the  ducts  entirely,  otherwise  the  oattle  will  not  obtain 
sufficient  fresh  air. 

The  number  and  sise  of  the  outlet  and  inlet  ducts  depends  on  the  number  of  animals  housed. 

'nie  number  of  cubic  feet  of  air  required  per  head  per  hour,  with  the  average  relative  humidity  of  fresh  country 
air  at  66  %  or  less,  is  as  follows: 

Cu.  ft.  per  hr.  Assumed  weights  per 

per  head  head  (pounds) 

For  horses 4924  1200 

Foroows 3963  1100 

For  swine 1610  160 

For  sheep 929  100 

For  hens 37  3 

With  different  weights  per  head,  the  amounts  of  air  would  change  in  proportion. 

The  flow  of  air  in  a  square  outtake  duct  will  have  at  least  an  average  velooity  of  260  ft.  per  min.,  without  me- 
ehanical  forcing  or  the  aid  of  heat  other  than  that  derived  from  the  animals  in  the  space  to  be  ventilated. 

An  outtake  ventilating  duct  for  30  cows  would  require  30  X  3963  *  118,690  cu.  ft.  of  air  per  hr.  We  will 
aaaume  an  air  movement  of  260  ft.  per  min.,  or  16.000  ft.  per  hr.  To  ascertain  the  cross  section  area  of  the  outtake 
duet  required  for  the  eows,  it  is  only  necessary  to  divide  the  number  of  cubic  feet  of  air  required  for  80  cows,  by 
15,0O0,  thus, 

1 18,690  CO.  ft.  -I-  16,000  •>  7.906  sq.  ft.,  or  1138.6  sq.  in.  requiring  either  one  duct  34  X  84  in..  2  ducts  24  X  24 
in.  eskch,  or  4  ducts  12  X  24  in. 

Stronger  currents  through  the  ventilators  will  be  secured  by  making  one  or  more  larger  ones  than  where  many 
small  ones  are  provided,  and  it  is  usually  best  to  have  as  few  as  possible,  yet  not  leave  the  impure  air  in  distant 
parte  of  the  bam. 

For  every  outtake  flue  thwe  should  be  a  number  of  intake  flues  whose  combined  area  exceeds  that  of  the 
outtake  flue  by  10%,  even  in  view  of  the  unavoidable  leakage  of  air  through  the  walls  and  arouno  the  windows  and 
doors. 

Thirty  cows  require  an  outtake  duct  of  1138.6  sq.  in.  area;  then  these  cows  should  have  an  intake  of  1138.6  sq. 
in.  plus  10  %  which  would  be  1262.4  sq.  in.  Assuming  20  intakes,  each  would  have  to  be  1262.4  +  20  -  62.7  sq.  in. 
area,  or  about  8  X  8  in.  square.  It  is  better  to  have  many  small  openings  than  a  few  large  ones,  because  the  cold  air 
is  better  distributed,  lessening  drafts.  All  intake  flues  should  be  equipped  with  registers^  so  the  air  is  at  all  times 
in  control  of  the  party  in  charge.    Intake  flues  may  be  made  of  galvansied  sheets  or  wood. 

The  nominal  area  of  a  register  or  register  face  should  be  about  50%  greater  than  given  by  this  computation: 
actual  areas  of  commercial  registers  are  given  in  the  accompanying  table. 

Sise  of  register  Effective  area  Sise  of  register  face  Elective  area 

face  (inches)  (square  inches)  (inches)  (square  inches) 

6X8  32  12  X  12  96 

6  X  10  40  12^  X  14  112 

6  X  12  48  14  X  14  130 

6  X  14  66  6  round  19  . 

8X8  42  7  round  26 

8  X  10  63  8  round  83 

8  X  12  64  9  round  41 

8  X  14  75  10  round  61 

10  X  10  66  11  round  62 

10  X  12  80  12  round  74 

10  X  14  98  14  round  100 

A  good  form  of  ventilating  flue  is  made  of  two  layers  of  number  1  matched  stuff,  ^  in.  thick,  with  buildinir 
paper  or  deadening  felt  between,  to  make  it  as  nearly  as  possible  a  perfect  non-oonductor,  thus  preventing  rafrid 
eocrfing  of  the  air  in  the  flue.  This  form  of  construction  also  makes  the  flue  air-tight,  which  is  essential,  for  every 
hole  and  crack  lessens  the  ventilating  power. 

The  most  common  and  probably  most  suitable  material  for  bam  construction  is  wood.  Concrete  foundations 
and  floors  are  advantageous  and  the  concrete  walls  may  be  carried  up  a  few  feet  above  the  floor  or  to  the  window 
AboTS  this  the  wood  construction  is  started.     There  would  seem  to  be  no  reason  why  the  entire  first  story 
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and  the  floor  of  the  seoona  story  should  not  be  of  reinforced  concrete.      In  the  event  of  fire  the  cattle  misht  be  aaviri 
by  this  construction. 

A  plan  arrangement  which  would  store  the  hay  in  a  separate  building  might  be  the  means  of  saving  a  vahaabls 
herd.  This  would  require  a  special  mechanism  for  bringing  the  hay  into  the  cattle  bam.  In  this  case  the  rarf 
of  the  barn  should  be  built  to  resist  the  cold  of  winter. 

119.  Manure  Pit. — The  pit  for  storage  of  manure  will  be  concrete  formed  into  a  shalknr 
tank.  It  should  be  covered  with  a  roof  and  screened  from  flies.  The  overhead  railway  fron 
the  bam  will  extend  through  the  pit  so  that  the  manure  may  be  dumped  automaticaUy.  Ttic 
pit  should  be  large  enough  to  contain  the  winter's  production  of  fertiliser  except  what  b 
spread  directly  on  the  fields. 

120.  Horse  Bam. — For  the  powerful  horses  used  on  a  farm,  stalls  of  considerable 
strength  are  needed.  The  usual  type  is  formed  with  cast-iron  or  steel  poets  and  2-in.  oak  or 
elm  plank  sides  resting  in  channel  forms  bolted  to  the  posts.  (Concrete  posts  will  not  endure 
the  effect  of  constant  kicking.  The  concrete  pavement  of  the  stall  is  covered  with  plankiog 
formed  into  movable  platforms  by  metal  straps  secured  to  the  under  side.  Elm  is  prefored 
for  these  platforms.  Above  the  height  of  5  ft.,  metal  guards  of  the  usual  form  are  required. 
Where  the  hay  is  chuted  down,  it  should  not  be  confined  by  the  iron  gratingSy  but  aOowisd 
to  flow  freely  into  the  plank  manger.  Iron  oat  boxes  and  iron  edgings  to  wood  mangefs 
are  desirable.  The  stalls  ahould  be  9  ft.  long  and  not  over  4ft.  wide  for  standing  hoiaes  or 
less  then  5  ft.  where  horses  are  to  lie  down.  The  concreted  aisles  of  horse  bams  should  be  left 
rough  to  prevent  slipping.  Deep  grooving  is  objectionable  for  cleaning.  Wood  block 
paving,  not  creosoted  sufficiently  to  be  slippery,  is  useful.  The  slanted  ways  into  a  bone 
barn  should  not  slope  over  1  ft.  in  5  ft.,  especially  for  brood  mares.  Harness  and  carriage 
rooms  should  be  separated  from  the  stall  room  to  avoid  the  ammonia  fumes. 

121.  Swine  Bams. — The  swine  bam  in  a  severe  climate  should  have  not  over  10-ft.  dor 
height.  It  should  face  to  the  south  to  secure  ample  sunlight.  In  mild  climates  windows  in  the 
roof  may  supplement  those  in  the  south  wall,  but  the  arrangement  is  not  suitable  for  cold 
winters.  The  bam  is  divided  into  pens  about  8  X  10  ft.  by  wood  partitions  or  iron  pipe  railing 
of  standard  type.  The  fronts  of  these  are  provided  with  swinging  feed  gates  hinged  at  the 
top.  A  wood  platform  5  ft.  square  is  laid  on  the  concrete  in  each  pen  for  the  swine  to  lie  oo. 
The  building  is  ordinarily  of  frame  constmction,  warmly  built,  with  swine  doors  that  may  be 
closed  by  the  attendant.  Standard  bam  ventilation  is  necessary.  A  feed  cooking  kettle  m 
provided  in  the  feed  mixing  room  at  one  end.  The  space  in  the  roof  is  used  for  hay  storage. 
Along  the  sides  containing  the  swine  doors,  concrete  platforms  3  ft.  wide  are  extended  to  preveot 
rooting  next  to  the  building. 


INDUSTRIAL  PLANT  LAYOUT  AND  GBNBRAL  DESIGN 

Bt  Harry  L.  Gilman 

The  design  of  a  modem  industrial  plant  is  an  important  and  complicated  problem.  Rom 
the  selection  of  the  site  to  the  turning  out  of  the  first  finished  product,  every  step  must  be  care- 
fully thought  out.  The  work  should  be  entmsted  only  to  an  engineer  of  wide  and  g«eral 
experience;  to  one  who  is  constantly  taking  up  and  solving  new  problems  in  transportation, 
handling  of  materials,  routing  of  work,  power  generation  and  transmission,  fire  prevention 
and  protection,  foundations,  structures  and  materials.  In  addition  to  the  above  prerequisiteB, 
the  engineer  in  charge  should  also  have  a  good  working  knowledge  of  manufacturing  proeeses 
and  machinery  in  all  lines,  as  this  frequently  enables  him  to  approach  a  new  problem  to  better 
advantage  than  the  specialist.  But  it  should  not  be  inferred  that  the  engineer  himself  sbould 
have  the  complete  knowledge  necessary  to  enable  him  to  build  alone  any  kind  of  a  manufactur- 
ing plant.  In  a  chemical  works,  for  instance,  he  must  turn  to  the  manufacturing  specialist 
for  help  in  working  out  processes  and  equipment. 

The  work  of  the  engineer  in  designing  industrial  plants  is  outlined  in  a  general  way  in  this 
chapter. 
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Locating  An  Industry. — The  engineer  will  frequently  be  called  upon  to  assist  in  the 
mportant  matter  of  locating  an  industry.  There  are  several  factors  which  enter  into  the 
election  of  the  location  of  a  factory,  and  upon  which  the  engineer  is  called  to  report,  such  as 
ources  of  raw  materials,  labor,  power,  market  for  finished  product,  and  shipping  facilities.  Paper 
nillSy  for  instance,  particularly  those  using  wood,  are  best  located  near  forests  and  on  rivers 
rhicli  furnish  water  for  use  in  the  processes,  power  for  operating  the  machinery,  and  the  cheapest 
neans  of  bringing  logs  to  the  mill.  They  must  also  have  suitable  railroad  or  other  transporta^ 
ion  facilities.  In  general,  a  plant  using  large  tonnage  of  raw  material  should  be  located  near 
he  source  of  this  material.  Again,  a  plant  requiring  a  large  amount  of  power  should  be  located 
rhere  cheap  power  is  available. 

IikduBtries  in  which  labor  produces  a  great  part  of  the  value,  as  in  cotton  mills,  shoe  factories,  etc.,  require  a 
(ood  l»bor  market  near  at  hand  of  the  class  of  employees  desired.  For  this  reason  several  cities  have  become 
arse  centers  for  special  industries,  as  Lowell,  Lawrence,  and  Fall  River,  Mass.,  in  the  textile  industry;  and  Lynn, 
Mass.,  for  shoes,  etc.  However,  some  of  the  advantages  of  such  places  as  these  have  been  lost  on  account  of  in- 
Tf  aing  labor  troubles. 

Other  industries  require  an  isolated  location  on  account  of  obnoxious  or  dangerous  fumes,  or  danger  from  ez- 
[doaions;  others  require  large  cheap  areas  on  account  of  the  amount  of  ground  covered.  Factories  which  consume 
•emi-finished  materials,  such  as  clothing,  printing,  binding,  etc.,  use  a  large  portion  of  hand  labor  and  are  usually 
located  in  large  cities  where  labor  is  plenty.  Ordinarily  in  these  plants  the  tonnage  of  product  is  not  such  as  to 
rcciuire  the  best  shipping  facilities. 

123.  Selecting  A  Site. — ^Local  considerations  entering  into  the  selection  of  a  site  for  an 
industry  are:  transportation  facilities;  side  tracks  on  to  property  if  tonnage  is  large;  and  sepa- 
rate tracks  for  receiving  and  shipping  where  the  business  is  extensive.     The  area  selected  should 
be  ample  for  present  and  future  needs,  and  the   ^__^__^_^_ 
site  should  be  convenient  to  suitable  residential    M^JjHMMJ  MMM 

sections  for  employees.     This  is  important  and     lX-XXXX 9^ XjlJu—. 

many  manufacturers  are  investing  much  capital  to  puddHng Ir^lr^llrhlr^ 

provide  suitable  and  attractive  homes  for  their 
employees,  with  the  object  of  reducing  the  labor 
turnover  and  improving  both  quantity  and  quality 
of  output  from  the  well-housed,  and  therefore 
better  contented  labor,  with  a  probable  reduction 
of  labor  troubles.  The  nature  of  the  land  effects 
the  construction  cost  of  the  plant.  Cheap  land 
requiring  expensive  filling  and  pile  foundations  is 
often  more  expensive  than  more  costly  land  offer- 
ing good  foundations.  Borings  and  tests  should 
be  made  and  the  cost  of  foundations  investigated. 
The  accessibility  of  public  facilities  should  be  con- 
sidered in  selecting  a  site;  as  fire  and  police  pro- 
tection,   water,    gas  and  electrical  supplies,  and 
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street  railways  all  have  a  direct  bearing  on  the   O  (\ 
problem  and  effect  efficient  operation.  u_r. 
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FiQ.  48. — Routing  diagram,  vitrified  grinding 
wheel  works. 


A  plant  located  in  or  near  a  large  city  has  both  advant- 
ages and  disadvantages.  It  has  a  large  labor  market,  but 
the  labor  is  not  so  reliable  and  labor  troubles  are  more  fre- 
quent. However,  an  industry  in  which  the  labor  require- 
ment fluctuates  at  different  seasons  is  probably  better  located 
near  a  large  labor  market.  It  should  be  noted,  however,  that  the  most  efllcient  employees  are  those  trained  in  the 
plant,  living  in  homes  which  they  own  and  with  surroundings  which  induce  a  feeling  of  contentment,  remaining 
year  after  year. 

124.  Preparation  of  Plans. — The  engineer  should  first  obtain  all  necessary  information  rela- 
tive to  machinery  and  processes,  quantity  of  raw  materials  to  be  handled,  and  finished  product 
to  be  turned  out.  A  flow  sheet  should  be  prepared  particularly  for  plants  where  one  or  more 
materials  pass  through  several  continuous  operations.     This  is  best  explained  by  the  example 
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(Fig.  48)  flow  aheet  for  tt  pluit  for  the  manufacture  of  vitrified  grinding  wlteels.  With  thii 
should  be  determined  the  number,  capacity,  makes,  etc.,  of  the  various  units  of  equipment  r^ 
quired.  This  is  the  aimpleet  form  of  flow  sheet,  merely  showing  sequence  of  operations.  Itii 
followed  either  by  a  routing  diagram,  or  by  a  completeflowsbeetBhowing  tentatively  the  Iom- 
Uoa  of  machinery  and  means  of  handling  the  material  from  one  procees  to  the  nexty  as  eleraton, 


Fid,  4S. — How  ibaet  for  sruibiDC  pluit.  Compacnls  CeDsnl  Jym  Meuln.  Pui*,  Fnnoat 

conveyors,  gravity  chutes,  ete.  In  Fig.  49  is  shown  such  a  sheet  for  a  crushing,  i 
roasting  plant  for  abrasives  for  the  Compognie  General  dee  Meulee,  Paris,  fVance.  Hiis  flo« 
sheet  determines  the  necensary  height  of  the  buildings,  and  from  it  the  floor  plam  mqrbe 
worked  out,  u  shown  in  Fig.  50. 

WHh  ttak  flow  ibMt  Bnd  ■  lurvey  ol  tba  dta,  tb*  cncitHeT  wiU  mjtka  up 

<nt  an  be  mule.     Ths  ■utttt  ■koalil 
Induds  tota  or  boring   nt  the  ■nil. 


that  coats  mud  ■  ■aonalidaa  n/  Ua 
arnnf  emant  t.ad  opermtion  obal]  b* 
thorouftily  uodantood  by  bU  (laitii* 
intcnatad.  ki  m  to  avwt  « 


handling  of  other  incoming  or 
large  machine  works,  shown  in 
plant  handling  in  and  out  some 


120.  Shippinc  FadUtie*.- 

Ample   side  tracks  should  be 

•  provided     both     for    receiving 

and   shipping.       Frequently  a 

separate  siding  is  installed  for 

receiving  fuel;  in  any  event  tin 

should  be  so  arranged  that  coal 

may  be  unloaded  at  the  proper 

point  without  interfering  with 

outgoing  material.    The  track  layout  and  block  plan  for  ■ 

Fig.  60X,  is  a  good  illustration  of  trackage  required  for  * 

JOO  tons  per  day. 

lid  bo  wDTked  out  ia  conantion  with  ttaa  flow  ahect  and  roi 

Lt«riala  to  be  handlad;  for  ioalAiice,  a  foundry  abould  havo  ita  tjmck  « 
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Fia.  51. — Foundry  of  Putnam  Machine  Co. 
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a  travdling  or  other  crane  unloading  the  iron  with  an  electro-magnet,  which  will  alao  serve  to  load  the  aame 
to  the  charging  platform,  as  shown  in  plan  and  section  of  the  Putnam  Machine  Company  foundry  (Fijc.  51). 
material  must  be  loaded  from  a  shipping  platform  alongside  the  freight  house,  which  may,  if  quantities  sad  oihcr 
arrangements  will  permit,  serve  both  for  shipping  and  receiving. 
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FiQ.  52. — Mead-Morrison  Mfg.  Co. 


126.  Type  of  Buildings. — The  type  of  buildings  is  determined  to  a  great  extent  by  tbe 
character  of  work  to  be  done,  or  the  machinery  to  be  housed.  Plants  equipped  with  heavy 
machinery  or  making  heavy  product  are  usually  one  story  buildings;  as  rolling  mills,  large 
machine  works,  foundries,  paper  mills,  etc.  (see  Figs.  52,  53,  54,  and  55).     Heavy  machiDei, 
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Fia.  53. — Blake- Knowles  cylinder  shop. 


Fig.  54. — Reinforced  concrete  machine  sho]>. 


erecting,  etc.,  are  located  in  the  bays  served  by  travelling  cranes,  while  the  light  machines  are 
in  the  side  bays  which  frequently  have  a  second  or  mezzanine  floor,  as  in  Figs.  53  and  54.  These 
buildings  are  well  lighted  by  windows  in  monitors  and  in  the  high  bays  above  the  roofs  of  tbe 
lower  side  wings.     Paper  mills  usually  have  one  story  and  basement.     The  machines  which 
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Fia.  65. — Putnam  machine  shop — cross  section. 

are  up  to  200  ft.  in  length  require  substantial  foundations,  and  basements  are  used  for  pumpB, 
machine  drive  shafts,  stuff  chests,  etc. 

Another  type  of  building  much  used  for  nearly  all  classes  of  light  manufacturing  is  the  one 
story  saw-tooth  bulding,  which  from  its  method  of  lighting,  may  be  of  any  width  and  lengtL 
This  type  is  well  adapted  to  weave  sheds  of  textile  mills  which  require  good  lighting ;  in  fact,  it 
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fas  originally  developed  for  that  purpose.  They  are  well  suited  to  any  claaa  of  manufacture 
«lapte<i  to  single  floor  operation,  where  heavy  ovt-rhead  cranes  are  not  required  and  where  the 
oet  of  lADd  is  not  prohibitive. 

The  muhJDB  ■hop*  shown  in  Figa.  SZ  and  S5  have  ■  combination  of  uw-  _ 
wth    uHl  manitoT  conatructiun.  making  ficcllFntly  lights  ehopi  ol  luce  fl< 
rem.   brinxiiis  nit  ri^lstrd  drpartnirnU  in  cioK  and  convenient  tourh   with  » 
Uier  inatoid  ol  being  in  iaolated  buildinga.     The  gnisJl  autoniobite  gjlaiit  ahown 
Ik-   Se  ia  ■  oDfratory  coi»trucCion,  uw-tooth  roor.  long  apsn  trmce  cHrninst 


vial  flows  throuRb  from  tha  uscmblnd  porta  to  the  fiaished  ar, 

tiat   mAterial  may  be  eievated  to  the  top  and  flow  by  gravity  from  one  pTDcesa  t 
'»oth«r,  as  in  cruahiog  plants,  floui  and  sugar  mills,  etc.     Multi-story  biuldings  aj 

y  thj^requireinentaaf  theprocona,  wiUbefiiedby  thciwatoCconetruFtionorb 

be  eity  building  lawL     They  are  also  better  adapted  (o  many  classri  of  industria, 

■  tcstile  mills  (except  w«vo  shrds),  paper  box,  candy,  tutniture  factories. 

"he   ooat  per  square  loot  ol  floor  apaoc  (cidusive  ol  foundational  does  not  diflrr  ^ 

rt»Wy  from  the  coat  ol  onMlory  aaw-tooth  buildioca.     The  total  co.1  ol  carh  dD-''"-  «l--jS°^*utoniolnle 

lends  much  on  the  iouodalioDS. 

137.  Loft  BtiildingB,  Induatrial  TennlnolB. — This  claaa  of  buildings  erected  in  the  larger 
ities  for  the  housing  of  several  eiQall  industries  for  light  nianufactui  ing  purposes,  is  usually 
lesigned  without  regard  to  any  particular  industry,  but  to  give  good  lighting  and  as  large  and 
inobstructed  floor  area  as  possible.  They  are  usually  of  fireproof  construction,  with  large 
rindowB  and  must  have  ample  elevator  service,  stairways,  fire  escapes  and  exits  to  jM-ovide 
sfe  and  easy  access  and  egress  in  case  of  fire  or  panic.  Ample  electric  lighting  and  power 
lervice  should  be  provided. 

The  Industrial  Termini,  a  development  of  recent  yeara  and  now  In  operation  in  several  large  cidfa.  eonaista 
■<  n  Isise  (roup  of  buildingg  for  manuEacturiag  and  storage^  built  with  the  idea  ol  giving  to  amaller  individual  firma 
ill  tba  lacilitiea  of  the  largest  induattlal  phinta.  It  haa  a  large  central  power  plant  lo  furnish  heal,  light,  and  power 
It  the  lowest  coat  to  tenasU.  Freight  and  eipreas  housra  arc  maintained,  with  a  large  force  of  cniployers  to  render 
rrery  service  required.     The  buildings  should  be  of  the  moat  modern  fireproof  construction,  usually  of  reinfareed 

urnished.  The  cost  of  inaurance.  watchmen's  aervicc.  Rre  protection,  teaming,  and  freight  handling  ate  much 
-vduced  over  that  in  the  amaller  individual  plaDt.  Some  of  tite  larger  loft  buildingg  furnish  thia  service  to  a  great 
•xteot.  Tbeae  building*  should  bedaigned  with  high  ceilings,  the  greatest  potaible  amount  of  windowapace,  and 
I  width  of  on  to  80  ft.     The  atorage  buildinga  may  be  wider  if  deaired. 

^htlng  of  the  Ujwer  stories,  should  be  provided.  If  buildinga  are  intended  for  the  Ugl.teat  cIbh  of  manufacturing 
130  lb.  live  load  per  aq.  ft.  is  ■ulTicient.  but  for  general  purpoa'a  loads  should  not  be  reatricted  lo  less  than  200  lb. 

water,  and  compressed  air,  all  from  the  eenlnl  plant,  Naturally  these  tcrminala  muat  be  located  near  ample  hou- 
ing  area  for  employees  and  in  large  ahipping  center*. 

128.  Uateriala  of  Construction. — In  selecting  materials  for  construction  of  an  industrial 
plant,  the  engineer  will  be  guided  by  the  type  of  buildings  required,  limits  of  cost,  and  local 
material  market.  For  the  multi-story  building,  reinforced  concrete  is  one  of  the  best  and  most 
economical  mat«rials.  It  makes  the  least  expensive  entirely  fireproof  building,  and  withstands 
fire  with  the  least  damage,  as  proven  by  the  Baltimore  and  San  Francisco  conflagrations,  and 
the  fire  in  the  Edison  Phonograph  plant. 

The  various  systems  of  concrete  floor,  beam,  and  column  construction  are  treated  in  other 
chapters.  Outride  walls,  while  sometimca  built  of  concrete,  more  often  have  a  skeleton  of 
concrete  columns,  spandrel  beams,  lintels,  etc.,  and  panels  filled  in  with  brick,  terra  cotta  hollow 
til»,  or  cement  stucco  on  metal  lath.  It  is  desiiable  for  heat  insulation,  as  well  as  lo  prevent 
moisture  working  through,  to  have  an  air  space  in  the  curtain  walls.  Sections  Bhon  n  in  Fig.  57 
indicate  the  most  common  methods  of  constructing  certain  walls.  Hollow  tiles  give  excellent 
insulation  and  may  be  either  plastered  outside  with  cement  mortar  (in  which  case  the  scored 
tiles  for  plastering  should  be  used)  or  smooth  face  tile  may  be  laid  with  good  joints  and  left  with- 
out further  finish,  if  low  cost  is  an  object.  Another  method  is  to  lay  a  4-in.  face  of  brick,  bonded 
to  hollow  tile  backing.     These  tiles  are  made  from  2  to  12  in.  thick. 
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Fa  ode-atorr  mMbioa  ibapa  of  Uw  type  ihowD  (Fi(.  58),  briek,  ooneiete,  or 
irith  eitber  brick  or  ooacnte  pien  «  ateel  oalumna  eocMed  in  brick.  Intfrior  i 
and  purUiu  with  oobciete  roof  ilaba,  or  heavy  timber  purlini  witb  plank  roof.  I 
ba  initalled  oD  aeoount  of  the  coDteDts,  the  wood  roof  irill  be  tbe  cfaeapec.  but 
imUlled  only  on  acoount  of  the  wood  lool,  the  conuete  root  will,  aa  a  rule,  be  f  oi 

There  are  alao  aeveral  eoncrete  tile  and  Eypaum  tile  roofe  on  the  market  wl 
infoToed  ooucreta  is  not  adapted  to  replace  the  Iodk  apan  ateel  Uuaaea  required  Id  th 
of  40  It.  IB  probably  about  the  praoticabla  maiimuiu  for  coacreta  with  30-lt.  epaD  li 
1  oDier  apalH  have  been  found  practicable.     Fit.  M  ahowa  a  laaehine  ahop  100  ft.  wide 
built  entirely  ol  reinforced  conarete,  of  a  pra«tieal  and  economical  daaisn. 

Brick  and  heavy  timber  buildings  of  the  ao-called  "alow-burning"  oonatiuctioa, 
ai  developed  In  New  Eoilaod  (adapted  to  either  ona-atoiy  or  multi-atory  buildinii), 
are  treated  in  Beet.  3. 


L  buildiHEB  wbrre  aprioUer 
1  cuea  where  aprinklaa  a 
Id  the  more  ec 


Flo.  ST. — Spandrel  aectiani.  Fi 

The  one-itory  saw-tooth  building  ia  generally  built  with  brick,  tile,  or  concrete 
laaea  apaeed  about  20  ft.,  or  eolumna  carrying  cirdera  and  purlin*  and  epaced  30 1 
eo-ft.  span,  thug  eliminating  two-thirda  of  tbe  oolumna,  have  been  found  by  the  w 
'e  aa  the  column  type  without  truHea.     The  roDi  may  be  of  concrete  on  steel  pu 

Concrete  ti  uaed  to  some  citent  in  saw-tooth  construction  but  on  account  of  c 


rails,  and  eithrr  with  longi 
.  25  It.  each  way.     Steel  tr 


139.  Foundations. — Care  must  be  taken  that  foundations  for  heavr  machinery  are  ample 
to  absorb  vibrations.  If  vibration  is  considerable,  as  in  steam  or  potrei  hammers  or  janinf 
maohines  for  foundries,  the  foundations  should  be  separated  entirely  from  all  building  stiuetvni 
or  other  foundations. 

130.  Floors. — Floors  should  be  designed  to  iH-ovide  for  any  future  changes  that  may  be 
foreseen,  particularly  if  the  floors  are  of  reinforced  concrete,  and  sleeves  should  be  setin  flooi* 
where  pipes,  etc.,  are  to  run.  Conduits  should  be  properly  placed  and  openinga  provided  for 
belts,  shafting,  etc.,  properly  protected.  Where  apparatus  must  be  taken  through  floore,ain|ik 
openings  and  trap  doois  or  removable  floor  stabs  should  be  provided. 
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181.  Lighting. — Fro  vision  for  lighting  should  be  carefully  worked  out,Blwa;8  remembering 
thAt  daylight  is  cheapest  and  most  efficient.  WindoWB  should  be  wide,  as  a  rule  placed  about 
4  ft.  above  the  floor  and  the  tope  as  close  to  the  ceilmg  a»  possible.  One-story  saw-tooth  build- 
ings should  have  the  saw-tooth  windows  facing  north,  to  avoid  direct  sunlight.  Steel  sashes 
of  which  there  are  now  several  standard  makes  on  the  market,  should  always  be  considered  in 
'  designing  a  factory.  The  light  area  of  steel  aaehes  is  80  to  90%  of  the  total  window  area,  against 
GO  to  70%  for  wooden  windows  and  frames.  The  cost  of  steel  sash  is  no  greater  and  is  often  less 
thaa  for  wooden  windows.  Ventilation  with  steel  sashes  may  be  as  large  aa  desired.  With 
equal  care  (proper  painting)  steel  windows  will  outlast  wood.  Two  types  of  steel  window  lighting 
are  shown  in  Figs.  59  and  60.  One  type  has  large  windows  between  brick  or  concrete  piets ; 
the  other  type  has  steel  wall  columns  and  sashes  set  outside  the  line  of  columns  to  form  continu- 
ous sashes.  Artificial  lighting  is  covered  in  the  chapter  on  "  Electric  Lighting  and  Illumina- 
tion "  in  Part  111,  Sect.  17. 


Fia.  SO. — Shoii  with  ilael  M 


brick  plluten. 


Via.  00. 


ISS.  H«BtinK  and  V«ntilatioD. — This  is  discussed  in  Part  III,  However,  the  engineer 
should  use  care  in  placing  heating  apparatus,  to  occupy  aa  little  as  possible  of  important  work- 
ing space.  The  writer  has  seen  large  heaters  so  located  in  foundries  and  machine  shops  as  to 
displace  several  important  machines,  reducing  the  production  of  the  plant  that  amount.  Care 
ehouldbetakentoseethat  pipes  do  not  in  terf ere  with  the  operation  of  cranes  and  other  appara- 
tus. This  applies  also  to  plumbing,  compressed  air,  oil  piping,  etc.  All  piping  and  wiring 
plans  should  be  carefully  checked  with  structural  and  layout  plans  to  see  that  there  is  no  inter- 
ference.    A  composite  plan,  locating  all  apparatus  on  onesheet,  will  assist  inch  eckii^  clearances. 

13S.  Cranes. — Attention  should  be  paid  to  obtaining  the  proper  clearance  and  ample 
support  for  all  cranes,  monorail  hoists,  jib  cranes,  etc.,  and  contract  drawii^  of  apparatus 
should  be  checked  over  to  see  that  proper  clearances  have  been  allowed.  Shop  drawings  of 
structural  steel  work  should  be  carefully  checked  for  the  same  reason. 

lU.  Conduits. — Conduits,  panel  boxes,  and  other  electrical  apparatus  should  be  located 
to  deal  other  apparatus,  also  to  secure  ease  of  operation  and  accessibility  for  repairs  and  altera- 
tions. Outlets  should  be  provided  wherever  they  may  be  needed.  Conduits  for  wires  may 
usually  be  placed  in  concrete  floors  before  pouring  of  concrete,  but  care  should  be  taken  not  to 
place  them  where  openings  may  be  made  in  floors. 

ISS.  Transportatioa. — The  handling  of  materials  (raw,  finished,  and  in  process)  is  a  sub- 
ject which  requires  careful  study.  Handling  by  manual  labor  is  generally  the  most  costly 
method.  Conveyors  should  be  installed  wherever  they  will  displace  sufficient  manual  labor 
to  warrant  the  investment,  and  this  must  be  determined  by  the  engineer  in  each  case.  Fre- 
quently plants  requiring  continuous  operation  may  utilize  gravity  for  a  large  part  of  the  hand- 
ling, as  indicated  by  flow  sheet  of  the  Abrasive  Crushing  Plant  (Fig.  49). 
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Via.  ei.— PlfiD  of  bueneot,  BUke-KodwIra  bnu  foundry.  Ciimbridse,  Mu& 


B  ta^awS fumiKti- oapiKiO  ttaa/i.  H  P>.    ~ 

C  4^Hawii  fuTTva  -capvary  1000 lb,  J  MciiAryc  sand  ^ouf9 

D  Babtin  mining  firnaet  fT  Timr  chck 

t  taO^  htaftr  I  5  Jan  tlKtrKhlMJlb  cmnt 

r  O^tWPnuiniafK/im'^  mK/Vni 

Fra.  62. — Plu  of  fint  floor.  BUkc-Knowha  bnn  fouDdiy,  Ckoibridas,  Hub. 
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A^Hi(li«  impflrtsDt  Uboi  BTinc  kppliviM  to  tha  elcTaliiic  truek.  of  wbich  there  ue  n 
B*«  mtt  uaed  in  {■ctoriea  of  all  kinda,  matenal*  is  proco*  bein*  piled  on  movable  platf  ori 
le  load  raiiod  from  the  floor  And 


o  van  raok*  built  ao  aa  tt 


loTOd  a  ver;  effideat  lyatem  in  at  leut  one  lari* 

136.  Firs  PraTBUtloii  and  Fire  Piotectloii.— Important  considerationa  in  the  deeign  of 
Austrial  plants  are  the  prevention  of  fires  and  tbecanfining  of  fires  which  do  start  to  theBmall- 
t  possible  arexs.  The  following  from  apamphletof  the  Factory  Mutual  Insurance  Companiea 
e  coccellent  rules  to  follow,  whatever  the  clsss  of  building : 


Fm.  BB.— Plan  Of 


i^^~&M¥  s'^J^gS^ 


Fio.  64. — Croaaae 


Lion.  Blake-Eoowlei  bran  laundry.  Cambridce,  MaM. 


I  abould  be  lanaled  in  detaotiBd  building,  or  [n  rooms  cut  off  from  the  remaindfr  al  tke 
tmildiik^  by  Ore  walk.  Buildinsi  of  laise  area  ehould  be  divided  bj  fire  walla,  eapeciall/  when  oontainioy  oon- 
buatible  nuiteiiala,  in  ordei  to  limit  tbe  extent  of  any  fire  that  may  itart.  Altboufb  leinforoed  consreU  oon- 
itniotion  can  withitand  a  aevere  fire  without  great  damaoe,  ftn  automatic  iprinkler  system  with  adequate  wat«r 
■upply  ia  neOfCaary  to  protect  the  eontenta,  if  eorabuatible.  Sprinklcra  will  eitinguiah  or  contzol  moat  fin*  at  the 
■tart  BDd  protect  the  buildint  aa  well  aa  content*,  Buildinga  subject  to  fire  cipoauie  (outalde]  should  have  ei- 
terior  door  openin(i  jvoteoted  by  fire  doon,  and  window  openina  protected  by  wited  ■Uia  in  metal  fiamn.  abut- 
tsra.  or  cqMn  sprinklers,  or  by  a  combination  of  theae,  dependins  on  charaoter  of  boildinn  and  aevnfty  of  eipoaure. 
Expcrienoe  ahowa  that  in  eoncrete  construction,  oornen  are  a  aouree  of  weakneaa  when  exposed  to  fire,  and 
■houU  be  avoided  wherevtv  pcaaible.     The  round  column  is  the  better  dfaign. 

187.  Planning  For  Futni«  Growth. — One  very  important  point  for  the  engineer  to  consider 
in  designing  an  industrial  plant  is  provision  for  future  growth.  All  departments  should  be  so 
designed  when  poasible  that  they  may  be  enlarged  at  any  time  with  the  lesst  expense  and 
interference  with  operation  of  the  plant.  The  plan  of  the  paper  board  mill  (fig.  65)  is  an 
example  of  plant  design  with  a  view  to  future  growth,  even  to  four  times  its  present  capacity, 
without  disturbing  the  pressnt  arrangement  nor  interrupting  the  operatioii. 
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The  present  plant  usee  only  waste  paper  stock  and  makes  a  cammoD  grade  of  "  New  Bou^' 

some  wood  fiber  being  used  for  linere  or  outaide  surfaces  to  strengthen  board  for  making  hmj 

packing  cases.     Provisioa  baa  been  mode  for  a  future  reg  house  for  preparinK  T»iff%,  sort^ 

dusting,  cutting,  and  boiling,  ready  for  the  beater  room.     A  new  paper  macluue  of  di 

Fourdrinier  type  will  bo  installed  in  the  ptaat 

machine  building,  for  making  higher  grade  oini 

papers.      Provision  is  made  for  extending  pjav 

bouse,  beater  room,  a  new   machine    room,  ai 

finishing  room,  and  in  these  can  be  added  t^ 

more  paper  machines  with  the  other  eqnipoert 

required,  of  such  type  as  will  fill  the  demaodxf 

the  market.      While  the  present  capacity  ■  li 

tons  per  day  the  additions  will  bring  the  eapimi 

up  to  150  or  300  tons  per  day,  depending  en  tk 

class  of  machinery  installed  and  the  kind  <i  pq» 

produced. 

I  138.  Power   Plants. — The   determinatioa  d 

[  power  requirements  in  general  is  usually  fixed  br 

the  location  of  the  industry.     As  stated,  «nt 

industries  require  large  amoiuits  of  cheiq)  ptnrs 

and  BO  are  located  where  water  powN  is  KraSMt 

either  by  purchase  from  a  power  company  n  bj 

the  construotion  of    a  hydraulic    power  plui 

Other  plants,  if  quite  extensire  or  if  isolated,  hm 

their  own  steam   plants,  and   many  smaOa  ct 

moderate  siied  ones  buy  their  power  from,  a  Iml 

electric  company.    The  design  of  power  and  lighting  facilities  requires,  first,  careful  itndT 

of  power  requirements;  that  ifl,  amount  of  power  required  and  how  it  is  to  be  disbihntBl, 

whether  by  line  shafting  belts  and  gears,  direct  from  the  engines  or  water  wheels,  or  by  dar- 

trie  motors.     Limost  industrial  plants  today  electric  current  is  distributed  about  ttie  plant  b; 

wiring  system,  and  machines  are  driven  either  singly  or  in  groups  by  motora.     AltenaliBi 


l'!^,! 


pBpM  board  Ri 


^^-11 


— block  plan 


Pia,  S7. — 4D0O  hp,  boiler  bowc 


current  with  induction  motora  is  moat  used  for  conatant  speed  drives  on  account  of  their  aiBt- 
plicity  and  durability  and  freedom  from  sparVing.  For  travelling  cranes,  hoists,  and  machines 
requiring  variable  speed  drive,  direct  current  motors  are  used  more  frequently  at  promt. 

The  atom  powarplaal  for  lu-iFrinduitric*  will  luiutly  contigt  of  water  ti 
In  of  two  caoh,  and  with  ateuu  turbinsa  aod  geoisratan.     The  intlalUtisa  i 
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t»M,  dspeadjin  tha  amount  of  atcun  uicd  tor  heftting  aod  olher  purpcwa.  In  Mine  SMta  an  Mr  oompnaaor  it 
■Ulled  io  the  poirer  plant  and  aompraaed  air  piiwd  to  the  buildinci.  Proper  and  ample  coal  atoracs  and  hukdl- 
■  racUitHS  ahould  be  inatallsd.     The  lUual  type  of  power  hoiuei  ie  ihown  in  Pia.  M.  07,  and  68. 

Fie  se  ahowi  dtdm  leotiona  of  a  iteam  power  plant  of  ISOO  kw.  capacity,  with  1300  hp.  of  water  tube  boUai*. 

tan  an  two  7S0  kw.  tublna  with  eondeoiios  equipment.     The  lurbinea  are  od  the  meiianiae  floor  which  k 

md  by  b  S-ton  traTdlini  crane.     Annliary  naahinery,  with  a  1000  s.t.m,  air  eompieHjr,  k  on  the  croond  floor. 

Flc.  67  ahowa  a  topical  boiler  houae  with  a  double  row  of  water  tube  boilen  fadnf  a  eent«r  aJale,  overhcw] 

•1  bonks  and  aatomatlD  (token. 

Wbne  apaoe  ia  limited,  vertical  water  tube  or  the  ManninB  ^rpe  boDcn  are  IrHiuenUy  ioatalled,  as  in  Fir  M' 
lMr«  the  width  hai  been  rtiduoed  to  30  to  3£  ft.  i  and  even  1(h  ta  poaible.  The  overhead  eoal  bunker  in  a  boilei 
nae  ealk  for  aubataatial  oonatruction  and  the  inatallatioa  of  elevatinc  and  oonveyini  oiachinery  for  handlini  ooal. 

_ — . There  are  several  typea  ol  bunken  of  reinforced  eonoeta  carried 

on  ateel  oolumna,  while  that  in  Fig.  68  ia  a  steel  auspension  bunker 
lined  with  oonorete.  In  Fix.  66  is  ihown  a  larce  ooniirete  ooAl  pooket 
of  AOOO  tona  eapaeity,  300  ft.  long,  deaiined  to  «ive  additional  storaae 
eapadtr  to  the  plant  shown  In  Fig.  67. 

130.  Met«lWorkiiigIaduitiie8.—Themetal  working 
induBtriee  are  probably  Uie  moat  important  as  well  as 
the  most  varied  of  the  industriee.  T^e  industrial  engi- 
neer ia  interested  particularly  in  machine  works,  foun- 
dries, and  factori«B  producing  metal  goods  from  the 
^  ^  semi-finished    material.      Machine    works    aro  usually 

loo'hp.  boiler  how  housed  in  a  group  of  buildings,  each  one  designed  eape-  .  Fio.  m.— Seo- 
ith nrticai  bcrilert.       cially  tor  its  particular  department.    The  iron  or  steel    J'oncrefe^ 

foundry  is  practically  always  in  a  one-story  building  with  P°°^*^ 
ne  or  more  bays  or  aisles  of  sufficient  height  to  contain  travelling  cranes  for  handling 
eavy  flasks,  ladles  and  castings.  There  should  be  sufficient  clearance  under  the  crane 
ook  to  allow  of  turning  the  largest  flasks  to  be  used.  The  mdting  department  is  usually 
a  the  center  of  a  side  bay  with  a  changing  floor  at  the  proper  height  for  charging  the  cupola. 
!1ie  foundry  building  should  be  of  fireproof  construction,  and  provide  for  ample  light  and 
entilation  to  remove  troublesome  fumes  and  smoke. 

140.  Fotmdries. — Much  of  the  manual  labor  formerly  required  in  foundries  has  been  dis- 
laced  by  modem  machinery  and  appliances.  Molding  machines  are  made  suitable  for  practi- 
ally  all  smallormoderatesiiedworkiinfact,  the  writer  has  installed  turnover  molding  machines 
p  to  44  X  56  in.,  and  larger  siies  are  made  and  used  successfully.  Jarring  machines  may  be 
istalled  up  to  10  ft  square  or  larger,  saving  much  labor,  and  allowing  of  a  greater  tonnage 
iroduction  per  square  foot  of  molding  floor.  Careful  study  should  be  given  the  problem  of 
innHling  materials.  In  iron  and  steel  foundries  the  pig  iron  and  scrap  should  be  stored  where 
I  is  easily  accessible  to  a  travelling  crane  with  electro-magnet,  or  other  means  to  place  the  metal 
8  required  directly  on  the  charging  floor. 

In  the  Putman  Foundry  (Fig.  51)  a  gantry  crane  serves  to  unload  metal  from  the  cars  to 
lile  it  in  the  yard,  and  also  to  load  small  dump  cars  on  the  cupola  charging  floor.  Coke  is 
landled  by  the  same  crane  with  a  grab  bucket.  Molding  sand  should  be  stored  where  it  will 
squire  the  least  amount  of  shovelling  and  wheeling.  A  mixing,  tempering,  and  screening 
oachine  should  be  installed,  where  it  may  be  used  for  screening  the  used  sand  and  mixing 
lew  and  used  sand  in  proper  proportions.  Conveying  machinery  will  usually  be  found  a  good 
Qvestment  for  handling  the  molding  and  core  sand.  The  economical  handling  of  sand  is 
ihistrated  in  the  plans  and  description  of  the  Blake-Knowlee  Brass  Foundry  (Figs.  61  to  64 
Delusive). 

An  allotment  of  spaoe  for  the  various  department*  of  a  faundry  will  be  determined  by  Ihe  character  of  the 
rork.  Metal  and  fuel  storsce  1*  usually  ouUide  the  building,  if  the  metal  is  iron  or  steel,  and  a*  stated  before,  non- 
intent  to  the  eupola  and  furnaoe  ohaiging  floor.  Bram  and  other  ccetly  metals  should  be  stored  where  only  the 
lirnaee  man  or  other  authorised  person  has  accn*  to  them.  The  meitini  department  ahould  be  placed  both  with 
eferenee  to  the  storage  of  raw  materials  and  to  the  handling  of  molten  metal  to  the  molding  floor.  For  heavy  oast- 
Bga  tlie  eupola  should  be  so  placed  as  to  run  the  metal  into  a  ladle  held  by  the  travelliog  crsas  which  will  aarry  it 
tireotly  to  tfao  mold. 

Usually  the  heavy  molding  is  done  in  a  central  bay  which  isserved  by  travelling  crana  for  handling  flask*  and 
netal.     Tha  Ugbt  work  ii  uaually  done  in  aide  usles  or  bays  which  will  be  equipped  with  snch  molding  machints 
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Fxa.  70. — Croes  section  of  reinforced  concrete 
machine  shop  with  high  crane  bay. 


as  the  character  of  the  work  demands.     The  side  bays  should  be  serred  by  light  traveUinS 
system. 

The  core  shop,  with  the  core  ovens,  is  usually  located  in  a  side  bay  or  wing.     It  is  well  to  ao  locate  the 
that  the  oyens  may  include  one  or  more  large  ones  directly  accessible  to  the  main  moldins  flocnr,  for  dxyiBgoat 
loam  molds.    The  core  shop  in  the  Blake-Knowles  Brass  Foundry  (with  oore  sand  mizer  in  the  beermre 
vator  bringing  the  sand  either  to  the  first  floor  or  to  the  women's  core  shop  on  the  messanine  floor)  ie  well 
In  many  cases  a  separate  core  shop  for  small  cores  to  be  made  by  women  has  been  installed  with  good 
in  the  one  noted.    Ample  core  st(»age  and  pattern  layout  space  should  be  providedt  cooTeiuent  to  the 
floor. 

Toilet  rooms,  ample  and  convenient,  with  lavatory  and  shower  bath  equipment,  are  important  and 
quired  by  law  in  some  states,  as  are  also  individual  lockers  for  the  men. 

The  cleaning  department  is  the  one  most  frequently  neglected  or  insufficiently  provided  for.     Its 
equipment  depend  much  on  the  class  of  work  done.     One  or  more  sand  blast  rooms  are  required,  aod 
should  be  made  for  handlihg  heavy  pieces.     This  department  should  be  located  nearest  to  the  marhia^ 
castings  are  usually  taken  directly  there  for  finishing. 

141.  Machine  Shops. — The  design  of  machme  shops  depends  much  on  the  character  d 
work  to  be  handled.    Shops  producing  heavy  machinery  should  be  one-story  bufldings  servid 

by  travelling  cranes,  as  in  Figs.  52,  63,  54,  and  55i 
Fig.  52  shows  a  complete  plant,  producing  ooal  nd 
ore  handling  machinery  of  the  heaviest  type.  T^ 
machine  shop  of  this  plant  is  215  ft.  wide,  with  live 
ba3rs,  three  of  which  are  served  by  traveling  craim. 
All  machine  tools  as  well  as  erecting,  finiahiogaai 
shipping  departments  are  in  this  building,  tra^s  istD 
the  building  bringing  in  castings  and  shipping  thf 
finished  machines.  The  building  is  lighted  by  Inge 
steel  sash  in  walls,  monitors,  and  saw-tooth  windovi. 
The  plate  shop  is  also  arranged  for  efficient  handling 
of  materials  from  the  cars  in  the  end  of  the  building,  to  and  from  the  machines. 

Fig.  53  shows  section  of  a  machine  shop  for  handling  only  heavy  work,  and  requiring  wj 
limited  space  for  small  tools,  office,  tool  room,  etc.  Fig.  54  is  a  reinforced  concreie  maekiDe 
shop  for  the  average  work.  This  is  an  economical  type  of  structure;  the  center  bay  is  lighted 
by  saw-tooth  windows  and  the  side  bays  have  two  floors  well  lighted  by  side  windows.  Widff 
spans  than  those  shown  will  not,  as  a  rule,  prove  practicable  in  reinforced  concrete.  FSg.  S& 
shows  a  cross  section  of  a  machine  shop  of  the  Putnam  Machine  Company,  where  li^  sad 
heavy  machine  tools  are  produced  and  where  the  lighting  is  excellent  in  a  wide  building  hoosi^ 
all  departments  conveniently. 

Before  determining  the  type  of  building,  «  machinery  layout  should  be  prepared.  Cardboard  templsta  d 
machines,  cut  out  to  the  scale  of  the  plan  to  be  made,  will  be  of  assistance  in  making  the  layout.  With  these,  oWa. 
storage  spaces,  and  machine  locations  can  be  determined.  Heavy  machines  should  be  placed  where  tlMy  waj  be 
served  by  cranes,  and  light  tools  in  side  bays.  Ample  space  should  be  allowed  for  passage  and  for  stomge  of  vailisc 
and  finished  material  near  the  machines.  The  tool  room  should  be  placed  where  the  least  amount  of  travel  wS  be 
required  of  the  employees. 

It  should  be  remembered  that  castings  must  come  in  from  the  foundry,  usually  first  to  planen  and  thts  « 
through  the  operations  of  boring,  milling,  drilling,  etc.,  to  the  erecting  shop.  Alao  forgings  are  broaght  fron  fts 
forge  shop,  and  shafting  and  bar  stock  from  stcM-age,  and  these  all  go  through  the  neoessary  operationa,  all  fstOr 
going  to  the  erecting  shop,  or,  in  the  case  of  smaller  parts,  perhaps  to  storage  for  finished  parts.  It  m  eoaaaom  pat- 
tice  to  use  one  end  of  the  machine  shop,  where  the  heavier  work  is  done,  for  erection  of  the  maehinea.  Hub  bddi 
true  only  with  the  heavier  machinery  requiring  travelling  cranes  for  handling.  Light  maehinea  or  metal  prod- 
ucts, as  phonographs,  sewing  machines,  etc.,  usually  have  a  separate  room  or  building  for  aaaembling  and  ueciici 

Works  for  the  manufacture  of  lighter  machinery  or  apparatus  from  metal  may  be  of  the  one-story  saw  toott 
construction  type  covering  large  areas,  or  multi-st(»y  buildings  of  many  t3ri>es.  However,  the  tendency  hss  bfci 
to  build  substantial  plants  of  the  best  type  of  fireproof  construction,  as  usually  the  value  of  material  housed  froa 
raw  to  finished  product  is  several  times  that  of  the  buildings,  so  that  reducing  the  fire  hasard  not  only  gives  grartv 
security  but  saves  heavy  insurance  expense.    Many  plants  use,  or  require,  both  one-story  and  multi-atory  bdldisp' 

142.  Forge  Shops. — Forge  shops  are  one-story  buildings  with  ample  means  for  ventibtioo 
and  the  removal  of  smoke.  Heavy  hammers  should  have  foundations  separate  from  thestiwv 
ture,  and  should  be  placed  convenient  to  the  heating  forge.  Trusses  supporting  the  roof  dioaki 
be  designed  to  carry  the  top  bearing  of  jib  cranes  which  serve  hammers  and  forges.    F^  71 
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shows  a  good  design  for  forge  shop,  the  sloping  sides  of  the  monitor  having  top  hung  continuous 
steel  sash,  for  ventilation  as  well  as  good  lighting. 

148.  Pattam  Shops. — The  pattern  shop  and  pattern  storage  are  sometimes  in  the  same 
buflding,  but  usually  the  pattern  storage  building  is  an  isolated  fireproof  building  on  account 
of  the  valuable  and  inflammable  nature  of  its  contents.  The  value  of  the  patterns  may  not  be 
great  but  the  loss  occasioned  by  the  time  required  to  replace  them  might  be  extremely  heavy. 
The  pattern  shop  is  merely  a  small  wood  working  shop  equipped  with  machines  and  benches 
for  the  pattern  makers,  and  may  be  a  separate  building  or 
a  room  in  a  single-story  or  multinstory  building,  but  it 
should  be  well  lighted,  and  means  should  be  provided  for 
continuous  removal  of  wood  shavings  and  waste,  which 
being  from  dry  limiber,  is  of  an  inflammable  character. 

Paint    shops    and    storage    and    shipping    buildings    ~cros3  Section  of  R>rge  Shop 
should    be   designed   to   suit   the   requirements   of   the  P^^  ^^ 

materials  or  uses. 

144.  Wood  Working  Shops. — Some  machine  works  require  extensive  wood  working  shops, 
and  in  general,  the  rules  for  design  of  machine  shops  apply  to  these,  except  that  as  a  rule  no 
travelling  cranes  are  required.  Planing  mills  and  railroad  car  shops  are  generally  housed  in  one- 
story  buildings,  except  that  the  lighter  work  may  be  done  in  two  or  threenstory  buildings.  The 
lumber  passes  through  different  operations,  as  does  iron  and  steel  in  machine  shops.  There  is, 
however,  the  important  difference  that  the  inflammable  character  of  the  material,  as  well  as  the 
value  of  the  product  in  proportion  to  the  space  required  for  the  work,  does  not  as  a  rule  justify 
the  expenditure  for  costly  fireproof  buildings.  The  practice  most  justified  seems  to  be  to 
build  wood-working  shops  at  least  partly  of  wood,  and  then  use  every  means  to  prevent  fires 
and  to  promptly  extinguish  them  when  they  do  start.  Proper  exhaust  or  blower  systems  should 
be  installed  for  removing  sawdust  and  shavings  as  fast  as  they  are  produced.  Different  de- 
partments should  be  divided  by  brick  fire  walls  and  be  in  isolated  buildings,  the  finished  prod- 
uct being  in  storehouses,  which  should  be  fireproof  if  possible.  Automatic  sprinklers  in  all 
buildings,  hose  houses,  and  yard  hydrants  with  a  fire  squad  trained  for  prompt  action  in  case 
of  fire,  are  the  best  means  of  preventing  loss. 

146.  Pulp  and  Paper  Mills. — Wood  pulp  and  chemical  fiber  mills  require  a  large  amotmt 
of  power  and  water,  and  also  consume  large  quantities  of  wood;  hence,  they  are  as  a  rule  located 
convenient  to  the  lumber  supply,  on  rivers  which  furnish  not  only  water  for  use  in  the  processes, 
but  power  and  a  means  of  bringing  logs  from  forest  to  mill.  Chemical  fiber  mills  require  spe- 
cially designed  structures;  for  instance,  sulphite  digester  buildings  are  140  to  170  ft.  high  and  of 
heavy  construction,  usually  brick,  with  a  steel  frame.  The  substructure  of  grinder  houses  and 
wood  mills  usually  contains  water  wheels  directly  connected,  or  belted  to  the  machines.  Other 
buildings  are  usually  of  brick  mill  construction,  with  rather  heavy  floor  loads  (200  to  300  lb.  per 
sq.  ft.). 

The  beater  buUdinc  is  of  two  or  three  Btories.  Those  using  rags  or  waste  paper  have  sorting  and  cutting  de- 
partments on  the  second  floor;  beaters,  mixers.  Jordan  engines  on  the  first  floor;  and  stu£F  chests  in  the  basement. 
Concrete  is  an  excellent  material  for  at  least  the  basement  and  fijrst  floor  of  this  building,  on  account  of  the  amoimt 
of  water  used,  and  the  fact  that  floors  are  likely  to  be  continuously  wet.  The  machines  are  heavy  and  require  ample 
Bupp<»t;  otherwise,  floor  loads  are  not  heavy.  The  machine  room,  containing  the  paper  machine  or  machines,  is 
usually  one  story  and  basement.  A  machine  room  for  two  machines,  should  t>e  flO  to  75  ft.  wide,  depending  on  the 
width  of  machines.  Length  varies  with  the  machines,  which  may  be  150  to  225  ft.  long.  The  roof  is  carried  on 
trusses  and  should  have  monitors  and  ventilators  for  the  removal  of  steam  from  the  drying  cylinders. 

The  finishing  building,  usually  a  continuation  of  the  machine  room,  contains  machinery  for  cutting  the  paper 
into  sheets,  or  slitting  and  rewinding  into  smaller  rolls. 

Paper  warehouses  must  be  designed  to  carry  heavy  loads,  ranging  from  300  to  500  lb.  i>er  sq.  ft.  of  floor,  and  in 
one  case  in  the  writer's  experience  a  mill  storehouse  was  loculed  with  750  to  800  lb.  per  sq.  ft.,  the  paper  being 
piled  in  rolls  from  12  to  15  ft.  high. 

• 

146.  Chemical  Industries. — Chemical  industries  are  so  varied  that  only  a  general  treatment 
can  be  given  here.  As  a  rule,  the  buildings  are  one  story  except  those  in  which  gravity  may  be 
used  for  handling  the  materials  in  continuous  operation,  similar  to  the  abrasive  crushing  plant 
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shown  in  Fig.  49.  Some  plants  require  small  buildings  isolated  for  certain  proceaaes,  en  sc- 
count  of  the  dangerous  character  of  the  contents  or  obnoxious  fumes.  Sonie  buildings  reqaJK 
all  iron  work  to  be  heavily  protected  from  the  corrosive  action  of  fumes  or  liquids.  Mo«l  of 
these  buildings  must  be  designed  with  special  reference  to  the  apparatus  which  they  aiE  to  bonsE. 
14T.  Textile  Hills. — The  design  of  cotton  and  woolen  mills  has  been  stEmdardiied  to  i 
great  extent,  on  account  of  the  slight  variation  in  the  process  of  making  any  grade  of  cotton  clotk 
or  woolen  goods.  Each  department  contains  a  group  o^  a  few  to  hundreds  of  identical  maduBO, 
all  of  which  are  arranged  in  a  certain  definite  manner.  Furthermore,  all  makes  (rf  textile  nu-  , 
chines  vary  little  in  dimensions.  The  drive,  usually  by  motors  running  groups  of  ma^Kiiun 
presents  little  difficulty.     Space  will  not  allow  a  description  of  procesees  and  layout. 


Fio.  72. — Block  plan  of  cotton  mill. 


Textile  mill  buildings  are  generally  three  or  more  stories  in  height  and  of  good  widtit— W 
to  125  ft.  One  exception  is  the  weaving,  which  in  many  modem  mills  is  housed  in  S  one^favi 
saw-tooth  building,  on  account  of  the  better  lighting  which  is  important  in  this  operation.  11« 
floor  loads  in  textile  mills  are  light,  the  actual  load  on  some  floors  being  not  over  30  to  40  Ih  pa 
sq.  ft.,  and  rarely  over  75  ft.  per  sq.  ft.  on  any  floor. 


land  plank  floon  and  roof  (koowDM  "Mill  Conatniotioil"}  arefleoaaual 
rata.  However,  mme  recent  milli  have  been  ooa«tmol«l  of  leinfonfd 
jsry,  althaugh  apinioiu  dinsr,  Bome  cluming  that  the  duat  and  rvrUlj  i 
iry.  The  concrete  Soar  does  not  pmeDt  an  ideal  workiiii  lutlaee  [a  Ik 
ith  wood,  Hpbalt  compoaitioD.  or  other  Burfaeca. 

tn  BTdund  ii  available,  aro  ueually  one-etory  brick  with  miU  eoMtrwiki 
wted  by  automatic  iprinklen,  Tboe  buildioii  an  uaiuUly  100  ft.  wide  and  dinded  by  fin  nb 
ion*.  A  itaodard  cotton  atorehouie  i*  Bbown  in  lection  in  Fi(.  73.  When  laise  capacity  ■  n- 
■paoe  the  cotton  atorehouae  may  be  either  of  mill  conatruction  or  reinforced  eonerete.  the  lonel 
1,  and  the  latter  u  much  M  10  itoriea.     The  beicht  of  each  atory  ia  uaually  about  8  tu  from  flov  H 


the  atrueture  ahortea  the  lile  of  m 

operativea,  but  this  may  be  overei 

Btorehouaa  for  cotton  in  ball 
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72  and  73  show  a  typioal  cotton  mill  with  all  operations  in  ono  building  125  X  608  ft.,  with  one-story 
*^<*^ouae  aerving  both  for  cotton  and  finbhed  goods  storage. 

148.  Shoe  Factories. — In  general,  the  same  construction  is  used  for  shoe  factories  as  for 
textile  plants,  except  that  the  buildings  are  usually  not  so  wide.  On  account  of  the  lighting 
required  for  nearly  all  processes,  40  to  50  ft.  is  about  the  proper  width.  Floor  loads  are 
generally  150  lb.  per  sq.  ft.,  and  the  buildings  vary  from  3  to  6  stories  in  height.  Fig.  74 
shows  a  shoe  factory  of  reinforced  concrete,  consisting  of  a  main  building  with  wings,  all  of 
flat  slab  construction. 


t 


Fza.  74. — Concrete  shoe  factory. 


STANDARDIZED  INDUSTRIAL  BUILDINGS 

Bt  Chas.  D.  Conklin,  Jb. 

140.  Origin. — The  trend  of  the  great  industrial  organizations  for  the  past  few  years, 
throughout  the  world,  has  been  toward  a  standardization  of  output.  Even  before  the  recent 
war  produced  such  enormous  demands  for  vast  quantities  of  products,  the  large  industries 
realized  that  ''standardization''  was  the  solution  of  many  difficult  problems  of  production.  A 
new  significance  was  given  the  principle  of  standardization  by  the  great  and  hurried  demands  for 
all  classes  of  material  growing  out  of  the  war.  It  is  now  a  well  established  fact  that  in  all 
lines  of  industrial  enterprise,  standardization  of  methods,  parts  or  complete  products  results 
in  both  economical  and  increased  quantity  production. 

Noting  the  success  of  the  motor  companies  and  other  manufacturing  organisations  through  their  standardised 
products,  pioneers  in  building  construction  conceived  the  idea  of  standardised  industrial  or  factory  buildings.  Here- 
tofore, it  had  been  the  practice  to  design  a  special  building  for  every  requirement,  the  result  being  an  enormous 
amount  of  detail  work  and  expense  for  each  construction  job.  While  some  of  this  detail  work  and  expense  was 
necessary  for  very  special  problems,  the  greater  part  could  have  been  eliminated  by  the  use  of  standardised  build- 
ings designed  to  meet  the  average  requirements  of  many  industries.  The  result  of  the  study  of  these  pioneer 
builders  was  the  production  of  a  series  of  standard  designs  from  which  it  was  believed  that  by  a  careful  selection/ 
iDOSt  requiremeots  of  industrial  building  could  be  met.    There  are  cases  of  building  construction  which  require 
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■peoial  dengn  aixl  study  to  produce  the  best  results,  and  in  which  the  use  of  a  standardised  buildmg  ■ 

but  by  far  the  greater  percentage  of  industrial  construction  may  be  economically  t^od  rapidly  aeeompliBhad  fay  tfti 

use  of  standardised  products. 

160.  Types. — ^There  are  two  types  of  standardized  buildings  in  extensive  use  at  the  pitMit 
time.  The  first  type  consists  of  the  permanent,  substantial,  up-to-date  building  designed  iof 
heavy  service  over  a  period  of  years.  They  embody  all  the  features  of  the  best  types  of  modm 
building  construction.  The  second  type  consists  of  the  lighter,  cheaper  form  of  constnictiQi 
which  might  be  termed  portable  buildings  and  which  are  intended  more  for  tem.ponury  occo-  v 
pancy  rather  than  permanent  use.  With  proper  care,  the  second  type  will  last  for  yeazs  aod  t 
fulfill  every  requirement  usually  expected  of  the  light  steel  mill  building.  ; 

161.  General  Design. — In  the  design  of  both  types  of  standardized  buildings  deacribed  ' 
above,  the  object  sought  was  to  produce  a  series  of  buildings  which  would  meet  the  requirfr- 
ments  of  the  average  industrial  enterprise.  Widths,  clear  heights,  units  of  length,  kinds  of 
material,  loading,  arrangement  of  lighting  and  ventilating  sash,  and  many  other  problems  vere 
carefully  studied  and  averaged,  so  as  to  obtain  finished  designs  which  would  suit  most  condi- 
tions. Basic  building  units  were  designed  which  admit  of  the  greatest  flexibility,  thus  permit- 
ting their  use  in  numerous  combinations.  Spans,  spacing,  and  general  arrangement  were  ■> 
selected  as  to  use  materials  up  to  their  safe  limit,  thus  securing  a  minimum  of  waste  and  il 
economical  design. 

162.  Standardized  Method  of  Constmctioa. — ^The  following  description  is  taken  fran 
the  catalog  of  The  Austin  Company  of  Cleveland,  Ohio,  a  pioneer  company  in  the  oonstractka 
of  standardized  factory  buildings.  The  method  of  this  company,  known  as  ''The  Anstn 
Method, "  consists  of  the  following: 

A  method  of  erecting  permanent  and  substantial  factory  biiildingg  in  the  fewest  number  of  vtriaog  dsfi. 
eliminating  by  standardisation  and  quantity  production,  delays  otherwise  unavoidable. 

A  method  which  provides  for  various  industrial  types  of  construction  by  standardised  desisna  and  ^leciiks- 
tions.     The  time  ordinarily  required  for  the  preparation  of  special  plans  is  saved. 

A  method  of  preoonstruction  work  which  prepares  and  holds  stocks  iA  fabricated  steel,  steel  sash,  roefist 
lumber,  and  other  materials  at  strategic  points  and  delivers  them  to  any  job  with  dispatch. 

A  method  of  figuring  costs  which  places  the  production  of  industrial  buildings  on  a  definite  price  basis  by  hsip 
sum,  cost  plus  percentage,  or  cost  plus  fee  contracts. 

A  method  which  delivers  a  thoroughly  satisfactory  building,  meeting  every  requirement  of  the  biwifif ,  vitk 
the  least  expenditure  of  the  owner's  time  and  money. 

168.  Adyantages  of  Standardized  Construction. — One  of  the  principal  advantageB  d 
standardized  buildings  lies  in  the  time  saved  over  usual  methods  of  construction.  Economy  in 
time  means  economy  in  labor  and  capital  because  of  the  shorter  period  during  which  labor  and 
capital  will  b e  tied  to  one  job  and  b ecause  of  the  hastening  of  production.  Ballinger  and  Penoi 
of  Philadelphia,  describe  their  standardized  buildings  as  "Quiok-Up"  buildings,  a  term  well 
chosen  to  point  out  their  chief  advantage  over  usual  construction.  Plans  and  Bpecificatiou 
have  been  prepared  well  in  advance  of  construction  and  the  time  ordinarily  required  for  q>eda] 
architecture^  engineering,  preparation  of  designs,  plans,  estihiates  and  other  matten  of  deitfl 
is  saved.  Practically  all  preliminary  work  is  eliminated  and  construction  work  can  be  started 
immediately  upon  awarding  of  contract.  All  essential  materials  required  for  the  standardiied 
building  are  carried  in  stock  and  are  ready  for  immediate  shipment  and  can  be  s^it  to  the  job 
with  little  or  no  delay.  Material  lists  for  all  minor  materials  not  in  stock,  are  already  prqMied. 
Continuous  contracts  are  usually  carried  with  material  contractors  for  such  and  all  makmh 
can  thus  be  readily  supplied  to  the  workmen.  By  purchasing  materials  ahead  of  oonstrnction 
and  carrying  same  in  stock,  the  builder  is  able  to  buy  to  much  better  advantage  during  periods 
of  low  market  price,  thus  permitting  more  economical  construction. 

Again,  workmen  are  trained  in  ev^y  step  and  branch  of  standardised  buildings.  Titer 
know  every  move  to  make  and  make  few  useless  ones.  The  scheme  of  construction  has  beet 
worked  out  to  perfection  so  that  all  operations  are  coordinated  and  several  trades  irak 
together  at  the  same  time  without  undue  interference.  The  workmen  do  not  need  to  spend 
.  useless  time  studying  plans  and  specifications  as  they  are  perfectly  familiar  with  the  woik  it 
hand  due  to  their  training  in  standardised  building  construction.    The  work  proceeds  smootblj 
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uul  with  unDecceaary  haste  and  the  ranilt  is  a  first-claaa  building,  every  detail  of  which  is 
iuat  right  due  to  experience  gained  from  numerous  previous  similar  buildings.  By  the 
kbove  described  method  of  conatniction,  buildings  have  been  erected  in  30  woricing  days 
(h&t  hare  ordinarily  taken  from  3  to  6  months  to  build,  the  result  being  inoreased  production 
uid  profit,  time^  and  money  saved.    To  quote  again  from  thecatalogof  The  Austin  Company: 


StaDdardbed  aonMrunUoB  luw  autonutiiailly  plusd  ao*U  on  •  mnrs  •oUd  foundBtioa.  Frequent  repemlinc 
at  Uu  Buna  buiUina  operatiou  (■Ubliahn  buic  coal  G«uia  and  eliminata  iubm  *ark.  By  tlis  Auatin  Method, 
'AOtocy  biliklinsi  oan  be  punhaafld  with  the  same  oertainty  aa  maohlnery  or  other  equipment- 

The  work  is  so  well  organised  and  developed  that  delivery  can  be  guaranteed  under  a 
pen&lty  and  bonus  contract. 

LB4.  ninstrations. — No  attempt  will  be  made  here  to  show  sketchea  of  all  standard  build- 
ings  on  the  market,  as  there  are  many  of  such.  A  few  typical  illustrationa  will  be  given, 
sufficient  to  ahow  the  general  nature  of  standardiied  buildings.  There areaeveralorganiiations 
;  and  constructing  standardized  industrial  buildings  at  the  present  time,  and  the 

3r 


Cross- Ssctton 

^==^^^^=^=  following  sketches  are  taken  from  their 

catalogs  in  an  effort  to  present  brieQy 
some  points  in  the  work  of  each  of  these 
organiiations.      For  a  more  extensive 
j<  fO^O'j,  treatment  of  thb  subject,  the  reader  is 

referred  to  the  catalogs  of  the  various 
companiee  mentioned  in  this  chapter. 
■Uv^mayl»anym,^^>fa>A»f _     AvMn  Slaridord  Fa^  Bviidinsi. 


r 


1 

r  ''        ■*         ""     "  The    Austin    Company  of    Qeveland, 

\  ^  ■  Ohio,  has  worked  extensively  along  the 

Plan  line  of  standardised  construction   and, 

PiQ.  76.— Auaiin  No.  1  itundard.  through  several  years  of  experience,  has 

adopted  ten  basic  standard  designs  of 

permanent,  sturdy  factory  buildings  of  concrete,  brick,  and  structural  steel.     "These  ten 

Austin  standards,  tt^ether  with  their  innumerable  adaptations  and  combinations,  cover  a 

large  variety  of  industrial  structures.      Practically  every  type  of  building  from  the  light 

nianufacturing  and  storage  types  to  the  heavy  machine  and  assembling  shape  will  be  found 

in  the  standard  designs.     While  each  style  has  been  standardiied,  they  are  sufficiently  flexible 

to  meet  a  great  variety  of  construction  requirements."     In  addition  to  the  ten  standard 

designs  mentioned  above,  The  Austin  Company  has  several  standard  designs  for  railway 

buildings  and  storage  buildingg,  including  warehouses,  freight  stations,  repair  shops  and 

round  houses,  which  apply  Austin  standard  units  of  constructions.     In  most  of  these  standard 

designs,  expansion  is  possible  in  width  or  length  in  standard  multiple  and  the  height  may  be 

varied  to  suit  special  requirements.    It  will  be  noted  that  the  longitudinal  distance  between 

columns  or  pilasters,  for  the  large  majority  of  standard  buildings,  is  20  ft.     This  distance 
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(usually  called  the  bay)  is  found  to  be  the  most  economical  one  for  heavy  types  of  buHdinp 
and  a  very  convenient  one  to  use  for  engineering  and  construction  purposes. 

Fig.  76  shows  Austin  No.  1  Standard  Building.  The  cross  section  of  the  building  and  plan  are  almost  scff- 
explanatory.  This  building  is  very  similar  to  "The  Miracle"  type  building  as  constructed  by  the  Crowell-l«iindflg- 
Little  Company  of  Cleveland,  Ohio,  the  difference  being  mostly  in  points  of  detail.  This  building  is  also  i 
to  Type  E  as  designed  by  Ballinger  and  Perrot  of  Philadelphia,  the  chief  difference  being  in  the  addition  tA  a 
for  lighting  and  ventilating  purposes.  This  building  is  ideal  for  small  machine  and  assembly  shops, 
pattern  shops,  paint  shops,  storage,  light  manufacturing  or  laboratories.  An  important  point  in  the  design  of  tha 
and  other  types  of  standard  buildings  lies  in  the  fact  that  the  steel  beams  or  trusses  overhead  should  be  made  aBiphr 
strong  to  support  all  ordinary  shafting  loads. 

Fig.  76  shows  section  and  plan  of  Austin  Standard  No.  2  building.  The  width  of  this  building  may  be  inrrgssid 
in  multiples  of  30  ft.  or  less  and  the  length  may  be  any  multiple  of  20  ft.  This  building  is  suited  to  many  linss  ef 
manufacture  as  it  is  well  lighted  and  amply  ventilated.  It  is  ideal  for  light  foundry  service.  This  buildiBg  ■ 
very  similar  to  "  The  Monitor,  '*  a  standard  building  constructed  by  the  Crowell-Lundoff-Little  Co.,  the  latter  hav- 
ing a  40-f t.  center  aisle  with  light  steel  truss  above  instead  of  the  30-f t.  aisle  with  I-beam  rafter  in  the  above  Ns.  2 
building. 

Fig.  77  b  a  cross  section  and  part  plan  of  the  Austin  No.  3  Standard  Building.  It  has  proven  to  be  oneof  <b* 
most  popular  of  Austin  standards  and  adaptable  to  a  great  variety  of  purposes.     It  has  been  called  the  XJaivcnaJ 
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\f&^\  ■  '    =* 


Un^  may  b9  any  mtf^iph  a^/I^Af^- 


dba     cA 


Plan 

Fia.  76. — Austin  No.  2  standard. 


tjrpe  because  it  has  been  used  for  so  many  opeiatiusi  i& 
the  manufacturing  field.  "It  is  ideal  for  iig*»*ii^  eoadi- 
tions,  ease  of  installation  of  shafting  and  for  its  wide  sm 
of  unobstructed  floor  space,  2000  sq.  ft.  per  eohusi.* 
The  space  in  the  monitor  at  either  end  of  the  buiUdv 
has  been  used  frequently  for  well-lighted  and  ventilstri 
office  and  drafting  rooms,  also  for  toilet  and  wsshroasH. 
The  open  space  between  the  trusses  on  the  side  siski  ii 
available  for  heating,  lighting,  plumbing  and  povs 
equipment,  leaving  the  entire  floor  space  free  for  srtoil 
manufacturing.  This  No.  3  Standard  is  very  rimflar  t* 
Type  F  building  as  constructed  by  Ballinger  and  Perrat 
of  Philadelphia  and  somewhat  similar  to  "  The  Monsrek" 
as  constructed  by  Crowell-Lundoff-Little  Co. 

Fig.  78  shows  the  exterior  of  an  Austin  No.  3  Stas* 
dard  Building  built  for  the  International  Motor  Cooqasjr 
at  Allentown,  Pa.,  in  34  working  days. 


In  all  the  standard  buildings  above  described,  eith'^r  continuous  side  wall  sash  with  steel 
columns,  or  non-continuous  side  wall  sash  with  brick  pilasters  may  be  used.  The  former  gives 
slightly  the  better  lighting  conditions. 

Brief  specifications  covering  the  above  standard  buildings  are  as  follows: 

Length — ^Any  multiple  of  20  ft. 
Minimum  clearance — 13  ft. 

Excavation  and  grading — On  normal  site,  excavation  for  standard  foundations  and  grading  within  3  ft  d 
outside. 

Foundations — Concrete  (1  part  cement,  3  parts  sand,  and  6  parts  coarse  aggregate). 

Floor-— 5-in.  concrete  base  with  monolithic  finish. 

8ids  walls — Common  brick,  selected  for  facing,  Uud  in  lime-cement  mortar. 


GENERAL  DESIGN  I  ffO  DATA 


WlBdo*  ulb — CoBcnto  (uatuUy  prMut). 
Columns — StnifltuFft]  atecL 
Koot  rtructun — Steel 

d  rdlow  pine  ilHatlilBt. 
WaCetproofioc — Foor-pLy  buitt-up 


ft-ln.  dnBeduul 


"H 


—Lgiijttm^biaifywu^pltaflOAr^ 


mill  itcel  tMli  with 
>i>iD.  factory  ribbed  chaa.  puah  bar  or  chain  opo'- 
ated.     Ventilated  HCtlon*  in  monitora  meohaaicallr 

PainUnc— atruotuntl  itsel  ud  atMl  Hub,  on* 
ahop  coat  and  i>De  field  coat-  Exterior  wood  work, 
two  coata  Ickd  and  otL  Interior  walii  and  oeilinc, 
two  ooBia  of  mill  white  paint. 

MiecuilanenuB — Sheet  metal  cutten  and  dowD- 
e]>oiite,  plumbing,  heating,  lighting  and  iprinklen  are 
not  uaually  atandardiaed  but  are  furoiahed  oo  apeoial 


(Hhet    Standard    BwSdingt. 
— '■=^=^^    '  '         '         ^       ^^=^kaK^      shows  the  oectioD  Etnd  plan  of 

70"  building  of  the  CroneU-LundofT-Little 
Co.  It  is  especially  ftd&pted  to  hoiuing  of 
forging  and  foundry  operations,  for  roll- 
ing milk,  machine  shops,  heavy  assembling  shops,  power  houses,  and  similar  structures. 
Bessemer  50  and  60  arc  very  similar  to  Bessemer  70,  the  numeral  indicating  in  each  case 
the  distance  in  feet  center  to  center  of  crane  rails.  The  Austin  Company's  Noe.  5,  6,  and  7 
Standards  are  very  similar  to  the  "Bessemer"  building  shown,  the  general  type  being  the 
same,  the  dimensions  being  somewhat  different  with  slight  differences  in  the  detaUa. 


Plan 


Tut.  n.- 


I  atandaid. 


Fia.  TS.— Auatin  No.  3  atandard  building,  100  X  SW  ft. 

TJt-  80  ia  a  laom  aection  and  part  plan  of  Type  C  building  ai  comtructed  by  Ballingei  and  Penot  of  Fhiladel- 
[riiia.  It  ia  a  long  ipao  aaw-tooth  building,  "  the  gkyliihta  lucini  north,  affording  eieeptional  lightini  and  ventila- 
tion with  unobatruoted  Boor  apaae.     For  many  induatrio  thii  ia  ideal.     Leogtb  may  b«  any  multiple  of  20  ft.,  and 
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*idthi  b  molliplci  of  10,  SO,  7S,  and  100  (t.     By  omittinc 
(ivs  unobatrueMd  llDor  mua  !n  uoili  of  7S  X  60  ft." 

Pif.  81  npnauU  •  MamlMd  multiple  atory,  Bkt  ikb 


n  iDtetioT  eolumna,  thi*  tjrpe  naa  be  aRaaied  a 

«to  biuUinc,  "Gibnltar  Type"  aa  wMrf 
by  the  CroweU-Lundoa-LtUla  Co.  h 
H  Tery  (imilar  to  Tbe  Aoatia  C» 
puiy'a  No.  0  Standard  knd  ia  idnib 


Uw^  ^^aiM  ■(_ ; 


JntB.atoTM,  and  officB  tmildia^  lb 
type  of  building  ia  eoonoifikm^  fc^ 
proof,   permaoeDt,  aanitary,  aad  bs 

advantacca  o[  the  flat  alab  bulAi(. 

TruMon  SUd  BvUdingL- 
The  Tniacon  Steel  Compaoyaf 
Youngstown,  Obio,  maaufiv- 
tures  and  erects  a  series  tf 
semi'pemiBiiait  buildings  "cob- 
structed  of  ai&ndard  nniti, 
every  one  of  which  is  made  of 
steel."  Tbe  desi^  of  each  psR 
has  been  carefully  studied  a 
order  to  dttvdop  nwxinimn 
Btreogth.  Every  pound  of  tUA 
in  utiliied;  ttiere  is  no  waste  ii 
dther  material  or  labor  d  hub- 
ufacturing. 

The  walla  of  Ttokob  boUw 
consiat  of  ataDdaul  at«J  nil  initt 
made  in  rarioua  htdchlBi  whkfa  in 
iDterch&iMieable  with  doon  aad  mn 
be  furoiataed  stfao'   with  at  withod 

made  with  t.  alotted  bott  and  w^k 
very  eaaily  ■■nrmhind  and  jnatia  oaEi 
diamaatled,  thereby  n 


Fia.  79.— "BeasBi 


buildiDi  ot  the  CcoweU-LundgS-IatUe  Co. 

jarticuLarly  adaptable  for  itarage  and  liih 
•f  100%,  they  an  rradily  r»aleable.  The  ': 
d  nan  be  deliTxred  at  thi 


—■■Type  C"  buildinj  of  B 
of  one  of  the  leTerat  typea  ol 


andard  Truecoi 


I^.  82  (howl  the  croai  aect 
id  ad^itstiong  of  these  type*  bj 

16C.  Conclnslon. — Aa  stated  above,  there  are  a  great  variety  of  standardised  buOi^ 
D  the  market  at  the  present  time.     Only  a  few  of  the  many  have  been  giv«n,  suffici«ol  k 
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Ground  f\aor  Ptan 
Fio.  81.— "Gibraltar  type**  of  the  Crowell-Lundoff-Little  Co. 


Qnoss- Section 
Type  4  Buikfing$  hara  fhreet/nes  ofcofumns  spoctd  16'cfoc  a/ong  fheh^fh. 
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Fio.  82.— Tniaoon  standard  building  (type  4). 
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convey  a  clear  idea  of  the  principles  and  methods  of  standardization.  In  selecting  a  buikfiBg 
for  a  definite  purpose,  careful  consideration  should  be  given  to  the  requirements  of  the  case  and 
a  standard  building  only  used  when  it  fits  the  particular  need.  There  are  numerous  caeti 
where  the  standard  building  will  answer  every  requirement.  There  are  other  cases  where  tbe 
standard  building  will  not  fit  the  conditions.  Efficiency  in  operation  of  plant  should  not  be 
sacrificed  by  the  use  of  a  standard  building  when  the  latter  is  clearly  not  adapted  to  the  indnstiT 
to  be  housed.  In  the  numerous  cases  in  which  standardized  buildings  are  adaptable^  tbe  resulte 
are  very  satisfactory. 


CLEARANCES  FOR  FREIGHT  TRACKS  AND  AUTOMOBILES 

By  Allan  F.  Owen 

166.  Clearances  for  Freight  Loading  Tracks. — When  a  railroad  switch  track  enten  a  bnSd- 
ing,  the  clearances  at  the  side  and  overhead  and  the  radius  of  the  curves  of  the  larack  must  be 
approved  by  the  railroad  to  which  the  switch  track  is  to  be  connected.  The  tendency  is  to  use 
larger  and  larger  engines  for  switching  and  the  curves  must  have  longer  radii  for  the  larger  a- 
gines.  Some  railroads  demand  a  minimum  curvature  of  18  deg.,  and  prefer  14  deg.  Verx 
few  will  not  allow  a  24-deg.  curve. 


Degree  of  curva- 
ture  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Radius  in  feet . . . 

410.3 

383.1 

359.3 

338.3 

319.6 

302.9 

287.9 

274.4 

262.0 

250.8 

2405 

I 


z 


/tbfknHiane^ 


+ 


I 


—  f 
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FzG.  83. — Clearancea  allowed  by  the  State  Public  Utilities  Commiaaion  of  lUinoia  for  freicht 
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Fxo.  84. — Clearancea  for  main  and  subsidiary 
freight  tracks. 


Fio.  85. — Clearances  for  awnings  and  canopies. 


•ySPTS 


Notb:  All  awnings  and  canopies  not  owned  by  R.  R.  companies  are  subject  to  the  approval  of  Tbe  State  Pidifit 
Utilities  Commission  of  Illinois. 


A  42-ft.  length  of  track  should  be  allowed  for  each  freight  car  that  is  to  be  loaded  tf 
unloaded. 

Clearances  allowed  by  The  State  Public  Utilities  Ck>mmi8sion  of  Illinois  are  given  in  Kg^ 

83,  84,  and  85. 
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Fio.  86. — Auto  truck  clearance  linee. 
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Fig.  87. — ^Touring  car  dearano^  linear 
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Loading  platforms  should  be  3  ft.  9  in.  above  the  top  of  rail.  This  height  will  allow  doon 
of  refrigerator  cars  to  open.     Car  platform  heights  vary  from  3  ft.  9  in.  to  4  ft.  2  in. 

167.  Automobile  Sizes  and  Clearances. — Doors  to  public  garages  which  have  to  aceo& 
modate  every  kind  of  automobile  truck  should  be  14  ft.  high.  Entrances  to  truck  backings 
spaces  should  be  of  the  same  height.  Doors  to  many  such  garages  are  11  ft.  high  and  these  lil 
take  aU  but  the  very  largest  trucks.  Doors  should  be  at  least  9  ft.  wide  and  must  be  wider 
if  they  are  nearer  than  40  ft.  from  the  opposite  side  of  the  street  or  alley.  Fig.  86  gives  the  el»^ 
ance  lines  for  a  truck  of  the  following  dimensions:  Length  over  all,  24  ft.  6  in.;  width  over  a£. 
8  ft.  4  in. ;  front  overhang,  3  ft.  0  in. ;  wheel  bafle,  14  ft.  6  in. ;  rear  overhang,  7  ft.  0  in.,  tread- 
front  wheels,  5  ft.  0  in. ;  tread — ^rear  wheels,  5  ft.  6  in. ;  radius  of  clearance  circle,  30  ft.  6  in.; 
body  size,  8  ft.  4  in.  X  18  ft.  0  in. ;  width  over  front  fenders,  6  ft.  0  in. 


The  manufaetxirera  have  standard  Biiaa  of  chaaeis  but  there  is  no  standard  for  bodies;  ao  when  it  im 
to  provide  for  particular  trucka,  it  b  beat  to  get  the  dixnenaiona  from  the  owner  or  builder  and  lay  oat  the 
lines. 

Touring  oars  do  not  require  so  much  room  aa  trucks.  Doors  should  not  be  less  than  8  ft.  wide  nor  lower  thn 
8  ft.  unless  the  garage  is  made  to  fit  one  small  car.  The  diagram  of  clearance  lines  for  a  touring  ear  is  grren  m  Fi(. 
87  for  a  oar  of  the  foUowing  dimensions:  Length  overall,  17  ft.  3  in.;  width  overall,  5  ft.  10  in.;  front  orcfiaEiL 
1  ft.  11  in.;  wheel  base,  11  ft.  10  in.;  rear  overhang,  3  ft.  6  in.;  tread — front  and  rear,  4  ft.  8  in.:  radina  of  • 
circle,  30  ft.  3  in. 

The  following  table  gives  the  required  dimensions  of  a  few  passenser  cars 


Name 


Capacity 
(number  of 
paasengers) 


Length 


Width 


Height 


Wheel 
base 


Rear 

overhang 


Radios  ci 

dearance 

circle 


Wc%ht 
(povudij 


Packard  3-26 

3-36 

Locomobile  48-2 . . . . 
38-2.... 
Pierce- Arrow  48  H.P. 
38H.P. 
Stanley  Steamer  735 . 
Ford    "T" 

(•  rprp  tt 


7 
7 
7 
7 
7 
6 
7 


16'  9" 

6'  9" 

T  0" 

10'  8" 

16'  6" 

6'  9" 

7'  0" 

11'  4" 

17'  3" 

6'10" 

6'10" 

ll'lO" 

3'  6" 

17'  0" 

6'10" 

6'10" 

11'  7" 

3'  6" 

17'10" 

6'  9" 

7'  9" 

ll'lO" 

Id'lO" 

6'  7" 

7'  4" 

11'  2" 

17'  0" 

6'  0" 

T  6" 

lO'lO" 

4'  0" 

12'  4" 

5'  6" 

7'  0" 

8'  4" 
10'  4" 

2'10" 

22'6" 
23'6" 

acs" 
ao'3" 

25'0^ 
21*6" 
26'0" 
14'0" 
23'0" 


4435 
4490 
5000 
5O00 
S500 
4400 
3800 
1500 
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data  on  chains,  886 

recessed  pin  nuts,  and  cotter  pins,  tables,  298 
rivet  spacing  standard,  table,  260 
roof  truss  sections,  462 
stagger  of  rivets,  table,  277 
standard  for  rivets,  and  bolts,  262, 263, 209. 271 
structural  rivets,  bolt  heads  and  nuts,  282,  263 
unit  stresses  on  bolts,  271 
American  Concrete  Institute,  ruling  on  flat  slab  con- 
struction, 434 
on  steel  columns  in  concrete,  211 
specificatioos  for  concrete  building  stone,  1417- 
1419 
American   Institute  of  Architects,  report  on  school 
buildings,  768 
symbols  for  wiring  plans,  1313 
American  Radiator  Ca,  1162,  1163.  1162 
American  Railway  Engineers  Assoc.,  column  formula, 
116 
computing  deflecti<m  of  beams.  100 
formula    for   wooden   columns,    196,    197, 

199,  200 
working  stresses  for  roof  trusses,  606 
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American    Railway  Eagineers  Assoc.,  working  unit 

stresses  for  structursl  timber.  892 
American  lUdling  Mill  Co.,  940,  944,  946 
American  Steel  and  Wire  Co.,  964 
American  System  of  Reinforcing.  961.  966.  976 
American  Telephone  and  Telegraph  Co..  1390, 1391, 1393 
American  Water  Softener  Co.,  1184.  1186 
American  Waterworks  Association.  1214 
Anchors  for  beams  and  girders,  229 
An^  connections  for  beams,  286.  404 
Arch,  three-hinged,  reaotions  of,  21 

stresses  in,  66 
Arched  roof  trusses,  6fi9-678 
Arches,  floor,  «m  Fire-resistive  floor  construotioiL 

masonry,  209-304 
Architects'  contracts,  1073 
rates  for  service,  1064 
Architectural  design,  711-722 
ookr  and  ornament,  712 
Gothic  system,  712 
modem  styles,  722 
orders  of  architecture,  713 
ornament,  Qothic,  713 

Renaissance,  721 
Renaissance  style,  713 
style,  712 
theory  of,  711 
8m  aiao  Publio  buildings. 
Architectural  practice,  1064-1067 

architects'  rates  for  service,  1004 
oontraots  for  building,  1066 
employment  of  architects,  1066 
financing  of  a  building  project,  1067 
schedule  of  buikling  costs,  1067 
Architectural  terra  ootta,  994-1000 
assembling,  996 
cleaning  down,  1000 
manufacturing  processes,  994 
pointing,  1000 
protection  in  shipping,  996 
raw  materials,  994 
setting,  999 

siseeand  characteristics,  996 
surface,  finish  and  color,  996 
washes,  flashings,  anchors,  hangtfs,  etc.,  906 
Arm  of  a  couple,  definition,  8 
Asbestos  roof  coverings,  696,  596 
sheathing  papers,  1019 
shingles,  602 
Ashlar  jointing,  612 
Asphalt  floors,  461 
Auditoriums,  ventilation  in,  1136 
Austin  Company,  794-798 
Auto  trucks  tot  transporting  materials,  848 
Automobiles,  clearances  for,  800-802 
Axial  stress,  definition,  4 

Babcock,  O.  H.,  1161 
Bailey.  Frank  S.,  46 
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Balconies,  662-668 
brackets,  663 
cantilevers,  662 
curved,  666 
eflFeot  of  bracket  on  columnsi  and  on  side  of  girdert 

666,  666 
floor  framing,  666 
theatre  balcony  framing,  667 
Ballinger  and  Perrot.  794.  706*  797 
Bank  vaults.  610 
Bar  tbroading  machines,  883 
Bars,  steel,  definition,  05 
Barns,  design  of.  775-778 
Basement  floors,  in  mill  construction,  307 
Bases  for  columns  on  masonry.  227-220 

wooden  columns,  201 
Bates.  H.  P.,  on  elevators,  1361-1880 
Bath  tubs,  1250 
Beam,  definition.  2 

Beams,  deflection  of,  under  unsymmetrical  bending,  03 
fiber  stress  coefficients  for,  00 
properties  of  sections,  06-08 
reactions  of,  20 

Sm  aUo  Reinforced-conerete  beams.  Steel  beams. 
Wooden  beams. 
Beams,  restrained  and  continuous,  42-40 

assumption  in  design  of  continuous  beams,  42 
oast  iron,  45 
concentrated  loads*  46 
concrete,  45 

continuous  beam  practice,  45 
deflection,  40 
general  information,  42 
internal  stresses,  40 
shear  and  moment  oonsiderationa,  46 
shoring,  48 
steel,  45 

three-moment  equation.  43 
wood,  45 
Beams,  simple  and  cantilever,  34-41 
bending  formula,  35 

for  concrete,  37 
bond  in  concrete  beams,  30 
deflection,  40 
design,  method  of,  34 

of  wooden,  cast-iron,  and  steel  beams  for 
moment.  36 
diagonal  compression  and  tension.  30 
flange  buckling,  40 
horiiontal  shear,  38 
moment  of  inertia,  35,  36 
shear,  138 

shear  variation  in  concrete  beams,  30 
shear  variation  in  wooden  and  steel  beams,  38 
spacing  of  bars  in  concrete  beams,  30 
summary  of  formulas  for  internal  stresses,  41 
unsymmetrical  bending,  41 
vertical  and  horisontal  shear,  relation  between, 

30 
vertical  shear,  38 
Bearing  at  ends  of  wooden  beams,  100 
Bearing  plates  and  bases.  227-220 

anchors  for  beams  and  girders,  220 
cast  bases,  228 
expansion  bearings,  228 
hinged  bolsters,  228 


Bearing  {dates  and  bases,  simple,  227 
Bending  moment,  definition,  22 
of  oast-iron  lintels,  124 
of  concrete  beams,  127 
of  steel  beams,  115 
of  wooden  beams,  table.  107-106 
See  aUo  Wind  bracing  of  baildiaga. 
Bending  and  direct    stress,  concrete  and  rciafoteed 
concrete,  68-70 
wood  and  steel,  64-68 
Bending  stress,  definition,  5 
Bending,  unsymmetrical,  70-04 

construction  of  B-polygons.  83 
deflection  of  beams,  03 
fiber  stress  coefficients  for  beams,  00 
fiezural  modulus,  81 

formulas  for  fiber  stress  and  neutral  axis,  79 
investigation  of  beams,  80 
S-line  and  3-polygons.  81 
solution  of  problems,  86 
variation  in  fiber  stress,  02 
Bent  rods  for  concrete  work,  marking,  411 
Berg,  £.  J.,  1300 

Berger  Manufacturing  Co.,  040,  044,  973 
Betelle,  J.  O.,  on  School  planning.  754-765 
Bethlehem  Steel  Co.,  column  rolled  by,  98 
Bethlehem  steel  shapes,  manufacture  of,  95 

properties  of,  96 
Biel,  R.,  1109 

Birnbaum*s  tests  on  wood  screws.  239 
Blake-Knowles'brass  foundry,  785-786,  789 
Blowers,  ventilating,  1150 
Boat  spikes,  231,  235 
Boilers,  fuels,  and  chimneys,  1151-1166 
boiler  efficiency,  1155 

trimmings,  1154 
boilers,  types  of,  1151 
cast-iron  boilers,  1153 
check  valves,  1155 

chimney  dimensions,  for  reridenoes,  1163 
chimneys,  1157 
coal,  storing  and  piling,  1156 
combustion  of  fuel,  1156 
connecting  two  boilers,  1154 
determining  sise  of  chlmnesrs  for  power,  11S8 
draft,  induced  and  forced,  1164 

loss  in  fire,  1158 
economisers,  1164 
equivalent  evaporation,  1156 
feed  pump,  1155 
fire-tube  boilers,  1152 
fuel,  1155 

consumption,  1156 
grate  areas  of  boilers,  1 153 
heating  surfaces  of  boilers,  1152 
height  of  chimneys  and  hoiBcpower,  1157 
rating  of  boilers,  1153 
requirements  f<w  perfect  boiler,  1161 
residence  chimneys,  1160 
Scotch  marine  boiler,  1 152 
settings  of  boilers,  1152 
shipping  and  erection,  1156 
smoke,  1156 

stokers,  mechanical,  1166 
water-tube  boilers,  1152 
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Bolts,  door,  1024 
Idnda  of.  232 

lateral  retiatance,  232.  240 
resistance  of  Umber  to  pressure  from,  248 

to  withdrawal,  244 
resistiikc  moments,  240 
siaea  of  machine,  table,  287 
tensile  stronsth,  238 
Bolto  for  steel  members.  260-271 

oompared  with  rivets,  270 
grip.  2(12 
unit  stresses,  271 
use  of.  271 

8e€  aUo  Splices  and  conneotions  for  steel  mem- 
bers. 
Bond  stress,  definition,  6 

in  r«inforoed  oonciete  construction,  134 
Borinffi  for  foundations,  847.  348 
Boston  Manufacturers  Mutual  Insurance  Cowi  834 
Bostwick  Steel  Lath  Co.,  940,  046 
Box  girders,  182-180 

Boyd,  D.  K.,  on  Architectural  terra  eotto,  004-1000 
on  Brick,  912-917 

on  Building  and  sheathing  papers,  etc.,  1018-1020 
on  Building  hardware.  1020-1026 
on  Lime,  lime,  plaster  and  lime  mortar,  926 
on  Metal  lath.  989-047 
on  Structural  terra  cotta,  917-019 
Bracing  buildings  against  wind,  661-662 

trusses,  884 
Brafskets  for  baleonies,  668 
Bragg,  J.  O.,  tests  on  brick  piers,  1430-1488 
Branne.  John  S.,  on  Roof  drainage.  690-603 
on  Roofs  and  roof  coverings.  588-698 
on  Skylights  and  ventilators,  608-608 
Brick,  912-917 
cement,  916 
rlsssm  of.  912 

rlswrificaticn  by  physical  properties,  914 
ocJor.  912 

erushing  strength,  914 
enameled,  916 
fire,  916 

clay.  916 
^firO'resistance  of,  338 
glased,  917 
manufacture  of,  013 
patented  interlo4^king.  917 
paving,  916 
quality,  914 
raw  material,  913 
sand  lime.  916 
sise  of,  916 
slag.  016 
Brick  floors.  440 
partitions,  619 
piers,  tests  on.  1430-1438 
veuiier  walls,  615 
walls.  610 
table  of  stress,  611 
Brick  work,  827-829 

bonding  face  to  backing,  827 

cost  of.  103n 

estimating.  1056 

location  of  mortar  supply,  827 


Brick  work,  material  elevators,  828 
progress  of  work,  820 
scaffolding,  828 

serving  materials  to  masons,  828 
swinging  scaffolds.  828 
Bridge  construction,  effect  of  floor  beams.  26 
Bridging,  in  floor  construction,  377 
Brockett,  D.,  1190 
Brown  Hoisting  Machinery  Co.,  973 
Bubbling  fountains,  1254-1256 
Buckets  for  excavating,  840 
Buckling  of  web,  116 
Buoyrus  shovels,  836-886 
Buffalo  Wire  Works  Co.,  046 
Building  and  sheathing  papers,  etc.,  1018-1020 
building  papers,  1019 
felt  papers,  1019 
for  frame  walls,  615 
insulators  and  quilts,  1010 
mineral  wool,  1020 
sheathing  papers,  1019 
uses,  1018 
Building  hardware,  1020-1026 
adjusters,  1028 
bolts,  door,  1024 
butts  or  hinges,  1022 
color  or  finish  of  finishing  hardware.  1020 
finishing,  1020 

hand  and  bevel  of  doors,  1025 
locks,  1021 

materials  of  building  hardwsre,  1020 
miscellaneous.  1025 
rough,  1020 
window  pulleys,  1024 
Building  materials,  887-1026 

architectural  terra  cotta,  994-1000 
brick,  912-917 

building  and  sheathing  papers,  eto.,  1018-1020 
hardware,  1020-1026 
stone,  808-011 
oast  iron,  919-921 
cement,  047-052 

mortar  and  plain  concrete,  978-086 
ooncrete  aggregates  and  water,  952-967 
building  stone,  987-994 
reinforcement,  958-977 
glass  and  glaring,  1004-1010 
gypsum  and  gypsum  products,  034-989 
hollow  buUding  tUe,  917-019 
lime,  lime  plaster,  and  lime  mortar,  920-030 
metal  lath.  939-947 

paint,  stain,  varnish,  and  whitewash,  lOll-lOlS 
reinforced  concrete,  086-087 
steel,  022-026 

structural  terra  cotta,  917-019 
stucco.  930-934 
tiling,  1000-1003 
timber.  887-898 
wrought  iron,  922 
Building  methods,  sm  Construction  methods. 
Building  site,  preparation  of,  807-800 

location  of  reference  points,  807 
photographs,  808 
removal  of  pipes,  wires,  etc.,  808 
wrecking,  808 
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Buildinc  ■tones,  808-011 

abraaive  resiatance,  005 

absorption,  001 

carborundum  machines,  006 

color,  000 

corrosion  by  gases,  006 

crushing  strength,  003 

diamond  saw,  008 

dressing  machines,  007  • 

durability,  007 

elasticity,  004 

fire  resistance,  005 

frost  resistance,  004 

gang  saw,  007 

granite,  008 

gritting  and  poUshing  maohinei«  006 

hardness,  000 

igneous  rook,  008 

lathes,  008 

limestones,  010 

marbles,  010 

microscopic  examination,  006 

minerals  in,  808 

permeability,  002 

planing  machines,  008 

polish,  001 

porosity,  001 

properties  and  testing,  000 
distribution  and  uses,  008 

quarry  water,  002 

rocks  used  for,  800 

rubbing  bed,  008 

sandstones,  000 

shearing  strength,  0O4 

slate,  Oil 
teste  for,  006 

softening  effect  of  water,  000 

sonorousness,  006 

specific  gravity,  005 

strength,  003 

styles  of  dressing,  007 

texture,  000 

transverse  strength,  004 

weight  per  cubic  foot,  005 
Building,  ssrstem  and  control  in,  803-807 

cost  data,  standard  manual  for,  806 
daily  reporto  and  diaries,  807 
demente  of  time  schedule,  803 
stages  of  building  operations,  804 
time  involved,  804 
time  schedule,  803-806 
working  estimate,  806 
Buildings,  types  of,  332 
Built-in  beam,  definition,  2 
Built  up  wooden  o<dumns.  107 

girders,  173-174 
Burr,  W.  H.,  formulas  for  wooden  columns,  107 
Burt,  H.  J.,  on  Balconies,  662-668 

on  Long  span  construction,  660-670 
on  Steel  floor  and  roof  framing,  307-410 
on  Tanks,  645-651 

on  Wind  bracing  of  buildings,  651-662 
Butt  jointe,  271-270 
Buttresses.  305-808 
Butte,  1022 
Byers  Co..  1172 
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Caisson  excavation,  813 
Caissons,  open,  365 
Caissons,  pneumatic,  361-365 

concrete,  364 

oatting  edges,  363 

dengns,  362 

sealing  the  caisson,  365 

shafte,  365 

steel,  363 

water-tight  oellan,  365 

wood,  364 
Camber  in  trusses,  825 
Cambria  Steel  Handbook,  formulas,  110 
Cantilever  beams,  34-41 

definition,  2,  24 

for  balcony,  662 
Cap  construction,  in  eoncret«  work,  438 
Carnegie  Steel  Co.,  steel  column  rolled  by,  08 
Carpenter.  H.  V.,  1002 

Carpenter,  R.  C,  table  of  chimney  dimensions,  116S 
table  of  properties  of  air,  1084 
table  of  quantity  of  air  discharged  throng  flw, 
1117 
Carpentry,  cost  of,  1030 
Carrier  Engineering  Corporation,  1886 
Cast  bases  on  masonry.  228 
Cast  iron,  010-021 

design  of  casting,  021 

factor  of  safety  of,  5 

gray  iron,  030 

kinds,  010 

maUeable,  021 

manufacture,  methods  of,  010 

semi-steel.  021 

shrinkage  stress,  6 

stress-deformation  diagram  for,  4 

white  iron,  021 
GMt-iron  columns,  202-205 

bracket  connections,  204 

caps  and  bases,  204 

design  of,  203 

formulas  for  unit  stresses,  203 

inspection  of  203 

manufacture  of,  202 

properties  of,  202 

tables  of  standard  connections,  200 

teste  of,  208 

use  of,  202 
'CMt-iron  lintels,  123-126 

bending,  124 

cross  section,  124 

illustrative  problems,  120 

loads  supported,  124 

proportions,  124 

shear,  124 

strength,  table  of,  125,  126 

working  stresses,  124 
Cast-iron  sections,  properties  of,  08 
Catch  basins,  502 
Cement,  047-052 
bulk,  use  of,  052 
chemical  analysis,  051 
compressive  strength,  050 
containers  for,  057 
fineness,  040 
grappier,  048 
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Cement,  hydmilic  lime,  fM7 

natural.  948 

normal  conaistency,  060 

Portland.  948,  949,  1408 

misBolan.  948 

eeaeoning,  962 

elac  cement.  948 

■oiindnees.  961 

^>eoifio  grayjty,  961 

■peoificationa,  951,  1408 

storing.  961 

tensile  strength,  960 

testing,  949 

time  of  setting,  960 

weight,  962 
Cement  floors,  460 

gun.  882 
Cement  mortar  and  plain  oonorete,  978-^86 

curing  conditions,  effect  on  strength,  986 
density  and  strength,  983 
formative  processes  in  concrete,  978 
impurities  and  strength.  983 
mixing  and  placing  concrete,  980 


Chimneys  for  power  plants,  1167 

guyed  steel  stacks,  699 

height  and  sise,  for  residences,  1163 

height,  horsepower,  and  areas,  table,  1167 

ladders,  699 

large,  linings  for,  691 

lightning  conductors,  699 

residence,  1160 

shape,  691 

sise  and  height,  691 

small,  construction  of,  691 

steel  stacks,  697 

temperature  reinforcement,  691 
Chipping  tools,  878 
Chord  of  roof,  2 
Churches,  737 
Cisterns.  1211 
City  buildings,  foundations  for,  364 

halls,  design,  723 

water  lifts,  1207 
Civic  centers,  730 
Clapboard,  616 
Clay  tile  roofing.  606 


placing  concrete  and  its  relation  to  quality,     Clearances  for  freight  tracks  and  automobiles,  800-802 


Clewell,  C.  £.,  1338 

Clifford,  W.  W.,  on  Concrete  detaiUng,  321-331 
on  Restrained  and  continuous  beams,  42-49 
on  Simple  and  cantilever  beams,  34-41 
on  Steel  shapes  and  properties  of  sections,  96-98 
on  Stress  and  deformation,  3-6 

Clinton  Wire  Cloth  Co.,  946,  963 


981 
qualities  of  concrete.  978,  981 
quantities  of  materials  per  cubic  yard,  986 
strength  values  of  neat  cement  and  mortars, 

982 
strengths  of  concrete,  average.  983 
tensile  and  coinpreasive. strengths,  983 
time  required  to  produce  cementing  solu-     Closets,  toilet,  see  Waterless  toilet  conveniences 

tions,  979 
CniverBity  of  IlUnois  tcets,  984 
University  of  Wisconsin  tests,  984 
water,  excess  and  suflBcient,  979 
Watertown  Arsenal  testa,  984 
weight  of  mortar  and  concrete,  086 
Cement  tile  roofing,  696 
Center  of  moments,  definition,  7 

of  gravity,  definition,  16 
Centroid  of  an  area,  16 
Ceramic  mosaic  floors,  460 
Chains  and  chain  tackle,  886 
Chanelath,  972 

Charitable  purpose  buildings.  744 
Charles,  S.  A.,  1197 

Cheesman,  G.  H.,  on  Elevators,  1361-1380 
Chemical  closets,  1238-1242 
industries,  791 
plumbing,  1249 
stains,  1016 
Chicago  boom,  873 

Chicago  Building  Ordinance,  fire  protection  rules,  839 
for  long  columns,  213 
table  of  stress  on  brick  work,  611 
Chimney  space,  framing  for,  408 
Chimneys,  091-699,  1167-1164 
breech  opening,  sise  of,  691 
brick  stacks,  602 
capacity  of  commercial  tile  as  chimney  linings, 

1162 
concrete  stack,  693 
design  of.  692 

determining  sise  for  power,  1169 
draft  loss  in  fire,  1168 


Club  houses,  design,  726 

Cochrane,  V.  H.,  277 

Coefficient  of  elasticity,  definition,  8 

of  expansion,  definition,  6 
Cofferdams,  361 
Cold  storage  planta,  1388-1389 
partitions  in,  622 
refrigerator  doors  in,  631 
walls  for,  617 
Color  pigments,  1012 
Colosseums,  design,  726 
Column,  definition,  2 
Columns,  68-64 

application  of  column  loads,  60 

bearing  plates  for,  227 

cast-iron,  202-206 

column  formulas,  64 

columns  and  struts.  59 

concrete,  210-227.  326 

oonnections  with  girders,  257 

end  conditions,  69 

Euler's  formula,  60 

fire-resistive  construction,  340-842 

formulas,  60,  62 

Gordon's  formula,  61 

loads.  68 

parabolic  formula,  62 

Schneider's  reduction  of  live  load,  68 

steel.  98,  206-209 
column  formulas,  62 

straight-line  formula,  62 

stresses  due  to  concentric  loading,  60 

timber  column  formulas,  64 

wooden,  196-202 
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Combined  ■tresaes.  definition,  4 
Comfort  stations,  public,  769-775 
Gommunioating  systems,  1390-1397 
Components  of  a  force,  definition,  7 
Composite  order  of  architecture,  718 
Composition  of  forces,  definition,  7 

floors,  451 
ComxKMtion  of  concurrent  forces,  8,  0 
alffebraic  method,  13 
graphical  method,  12 
Compression,  definition,  3 

flange,  lateral  support  of,  110 
members,  splicing,  279 
splices,  254 
Compressive  stress,  definition,  3 
Compressors,  air,  879 
Concentrated  force,  definition,  7 

load  systems,  sheara  and  moments,  32 
Concrete,  bending  and  direct  stress,  68-70 
coefficient  of  expansion,  6 
factor  of  safety  of,  5 
fir»-resistance  of,  338 
plain,  978-986.    Ste  alao  Cement  mortar  and  plain 

concrete, 
reinforced,  see  Reinforced  concrete, 
shrinkage  stress,  6 
strength  of,  5 

stress  deformation,  diagram  for,  4 
unit  price  of,  in  building,  1058 
Concrete  aggregates  and  water,  952-957 
Abrams-Harder  test,  956 
blast-furnace  slag,  955 
dnders,  955 
classification,  952 
ooaxse  aggregates,  materials  suitable  for,  953 

required  shape  and  sise,  956 
crushed  stone  and  screenings,  955 
fine  aggregates,  materials  suitable  for,  965 

required  shape  and  sise,  956 
general  requirements,  952 
granite,  953 
gravel,  954 
igneous  rocks,  958 
impurities  in,  957 
limestone,  954 
metamorphic  rooks,  954 
qualities  of  coarse  and  fine  aggregates,  953 
•and,  organic  contamination  of,  956 
sands,  test  for  quality  of,  956 
sandstone,  954 
sea  sand,  955 
sedimentary  rocks,  953 
trap  rock,  953 
water,  957 
Concrete  beams,  bending  formulas,  37 

See    aieo    Beams,    restrained    and    continuous; 
Beams,   simple  and   cantilever;    Reinforced- 
concrete  beams. 
Concrete  building  stone,  987-994 
consistency,  989 
dry-tamp  method,  988 
grades,  987 

manufacture,  methods  of,  988 
materials,  991 

ornamental  work  from  special  molds,  991 
pressure  method,  989 
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CoDerete  building  stone,  standard  units,  090 

standards  and  specifications.  903,  1417-1419 

surfaces,  991 

trim  stone,  991 

uses  of  cheaper  grades,  088 

wet-cast  method,  989 
Concrete  buildings,  «>stimating.  1045- 1U63 

wiring  for  electricity,  1315-1316 
Concrete  columns,  210-227 

bending  column  bars,  213 

column  graphs,  215 

Emperger  columns,  212,  217 

lap  on  column  bars,  213 

long  columns,  213 

plain,  210 

plotting  graphs,  215 

provision  for  additional  stories,  214 

reinforcement  at  base,  213 

spiral  spacing  bars,  213 

tables,  214 
structural  steel  and  concrete,  21 1 
supporting  long-span  beams.  214 
tables  of  areas  and  weights.  210-226 

of  areas  of  circles,  227 

of  safe  loads,  217 

of  volume,  218 
types,  210 
vertical  bars  and  ties,  210 

steel  and  spiral  reinforcement.  211 
Concrete  construction  methods,  818-823 
bonding  new  to  old  concrete,  822 
continuous  beams,  45 
effects  of  weather,  823 
finishing  concrete  surfaces,  822 
floor  arch  sjrstems,  823 
forms  for,  818 
grinding  surfaces,  822 
handling  and  storing  materials,  820 
measurement  of  materials.  821 

mixing  concrete,  821 
placing  of  concrete,  821 
removing  form  marks,  822 
repairing  surface  honey-comb,  822 
special  surface  finishes,  822 
transporting  concrete,  821 
See  alto  Flat  slab  construction. 
Concrete  detailing,  321-331 
beams,  324 
bond,  325 
columns,  326 
connections,  325 
construction  joints,  327 
dimensions,  321 
engine  foundations,  327 
flat  slabs,  324 
footings,  327 
framing  plans,  822 
inflection  points,  325 
outlines,  321 
pits  and  tunnels,  327 
reinforcement  assembly,  328 

cover,  328 

details  of  the  architect,  and  engineer,  822 
retaining  walls,  327 
rod  sixes,  329 

spacing,  324,  325,  826 
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Conerete  detoifinc.  rod  aiaea,  spUoM,  828  Concrete  reinforoement,  rib  bar.  961 

scale  and  conventions,  828  metal,  971 

•chedules.  829  ribplex.  973 

•eotions.  324  self-centering  fabrics,  971 

shop  bending.  828  self-wintering,  972 

slabs  and  walls,  323  s1m>P  fabricated  system,  977 

spacers.  324.  827  steelorete.  967-968 

spiral  hooping,  827  quality  of,  968 

splices.  327  specifications,  958,  1412-1416 

stirrups.  326  wire  gage,  table,  963 

Concrete  equipment.  860-870  surface  of,  968 

barrows.  866  systems  for  beams,  girders,  and  columns,  973 

bending  reinforcement,  equipment  for.  861  triangle-mesh  wire  fabric,  964 

buckets,  866  types  of,  968 


866  unit  system,  975 

drum  mixers,  862  wire  fabric,  966 

gravity  mixers.  862  welded  wire  fabric,  963 

hand  benders,  861  wire  fabric,  962 

handling  forms,  860  IVisco  reinforcing  mesh,  967 

hoists,  869  working  stresses,  958 

loading  the  mixer.  864  Xpantruss  system,  977 

machine  mixing,  863  Concrete  roof  decks,  690 

vs.  hand-mixing.  861  sections,  properties  of,  98 

measuring  materials,  866  Bteel  Engineering  Co.,  959 

pneumatic  mixers.  862  walls.  610 

power  operated  benders.  861  Concreting  plant  for  foundation  work,  814 

sections  used  in  spouting.  866  Concurrent  forces,  composition  and  resolution  of,  8,  9 

spouting  plants,  870  definition,  7 

spouts  or  chutes.  866  equilibrium,  9,  10 

surfacing  machines,  881  Condensation  on  roofs,  598 

time  of  mixing.  863  Conklin,  C.  D.,  Jr..  on  Standardised  industrial  build- 
transporting  and  placing  concrete,  866  ings,  793-800 
trough  mixers,  862  on  Structural  steel  detailing,  310-321 
Concrete  floor  and  roof  framing,  410-438  Connection  angles  for  beams  and  girders,  285,  404 

floors.  399  Connections  of  wooden  and  steel  members,  sm  Splices 

footings.  366  and  connections, 

partitions,  620  Consid6re's  formula  for  concrete  columns.  211 

piles,  driving.  810  ConsoUdated  Expanded  Metal  Co.,  942,  967,  977 

raft  foundations.  376  Construction  equipment,  833-886 

Concrete  reinforcement,  968-977  concrete  equipment,  860-870 

American  bars,  961  excavating  equipment,  833-847 

bars,  specifications  for,  1412-1416  hoists,  derricks,  and  scaffolds,  871-876 

chanelath,  972  lighting  equipment,  882 

coefficient  of  expansion,  958  material  transportation  equipment,  847-848 

Corr-mesh.  972  nusoellaneous,  879-886 

system.  975  pile  driving  equipment,  848-858 

Corr-X-metal.  968  pumping  equipment,  858-860 

corrugated  bars.  960  steel  erection  equipment,  877-879 

cost  of  bars.  959  wood  working  equipment,  870-871 

Cummings  system.  975  Construction  in  wood,  824-825 

deformed  bars.  959  materials,  887-1026 

diamond  bar,  959  Construction  methods,  803-832 

dovetsiled  corrugated  sheets.  973  bricic  work,  827-829 

econo  expanded  metal,  969  construction  in  wood.  824-825 

expanded  metal.  967  elevator  and  stair  work,  830-831 

QF  expanded  metal.  970  excavating,  811-813 

Havemeyei  bars.  960  floor  construction,  817-828 

Hennebique  system.  976  foundation  work,  814-815 

Hy-rib.  972  mechanical  trades,  829-830 

inland  tar.  961  pUo  driving,  809-811 

Kahn  ««^«»  preparation  of  site,  807-809 

system,  ^J  sequence  of  finishing  trades,  831-832 

lock-woven  steel  fabric,  966  ^^                             • 

Luten  truss.  976  ■*<>"•  "^"^^^  825-827 

modulus  of  elasticity.  968  structural  steel  work,  815-817 

pin-connected  system,  076  system  and  control  in  building,  803-807 
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ContinuouB  beam,  definition,  2 

beams,  42-49 
Contracts,  1038-1073 

arbitration,  1073 

arohitect's,  1073 

changes  in  plans,  1072 

construction  material,  1072 

'^ntracting  vs.  day  labor,  1068 

iMMt  plus  fixed  fee.  1070 
percentage,  1009 
scale  of  fees,  1070 

departments  in  contracting,  1071 

extra  work,  1072 

for  building,  1065 

forms  of,  1069 

general  contractor,  1070 

lump  sum,  1009 

percentage,  1070 

plans  and  specifications,  1072 

public  and  private,  1068 

quantities  of  work,  1071 

quantity  surveying,  1072 

subcontracts,  1071 

unit  price,  1069 
Convention  haJls,  725 
Coplanar  forces,  definition,  7 
Copper  roofs,  594 
Corbek,  611 

Corinthian  order  of  architecture,  717 
Cork  tile  floors.  449 
Cornices,  598 

and  parapet  walls,  624-627 
Corp,  C.  I.,  1194 
Corr-mesh,  972 

Bsmtem  of  reinforcement,  975 

-x*metal,  968 
Corrugated  Bar  Co.,  943,  944.  960,  968.  972,  976 
Corrugated  iron  or  steel,  cost  of,  1039 

steel  roofs,  595 
Cost  data  in  building  operations,  806 

of  concrete  buildings,  1045-1063 

of  steel  buiklings,  estimating,  1028-1044 
Cotton  rope,  884 
•Couple,  definition,  i 
Coursed  ashlar,  612 
Court  houses,  design,  722 
Cover  plates,  117 

Bplidng,  285 
Cox,  William,  1359 

Crowell-Lundoff-Iittle  Company,  796,  797,  798 
Crystall  Springs  Water  Co.,  1182 
Cummings  system  of  reinforcement,  975 
Curtain  walls,  617 
Curves,  stress  and  deformation,  4 
Cutting  wheels  for  steel,  879 

IHmp  proofing,  of  walls,  614 

Dance  halls  and  academies,  735 

Davidson,  John,  1150 

Day,  Prof.  W.  H..  1399 

Dead  load,  definition,  2 

Deadening  partitions,  617 

Dean,  F.  W.,  on  Slow-burning  timber  mill  construction, 

391-397 
Definitions  of  terms,  2-3 


Deflection  of  steel  beams,  116 

of  wooden  beams.  100 
Deflections  for  timber  joists,  tables.  104>107,  100-1 M 
Deformation,  3-6 
Demoks,  872-873 
A-frame,  878 
Chicago  boom,  873 
gin  pole,  873 

in  structural  steel  work.  816 
Design,  architectural,  711-722 
Detention  buildings.  739 

Dewell.  H.  D.,  on  Construction  in  wood.  S24-825 
on  Floor  and  roof  framing.  377-301 
on  Splices  and  connections,  231-269 
on  Timber,  887-898 
on  Timber  detailing.  308-310 
on  Wooden  beams.  98-1 14 
on  Wooden  columns,  195-202 
on  Wooden  girders,  172-181 
Dibble,  S.  E.,  on  Plumbing  and  drainage,  1245 
Direct  stress,  concrete  and  r^nforced  concrete,  68-79 

wood  and  steel,  64-68 
Distributed  force,  definition,  7 
Doerfling.  R.  Q.,  on  Domes,  690-710 
Dollsrs  for  steel  erection,  877 
Domes,  699-710 
dead  loads,  700 
definitions.  699 
framed.  700 

framing  material  and  cover,  707 
loads,  699 

reinforcement  for  solid,  710 
snow  loads,  700 
solid,  707 
•tress  diagrams.  701 

formulas,  704 
wind  and  snow  loads.  700 
pressure,  699 
Donnelly.  James  A  .  1104 

Donnelly  positive  differential  system  of  heating.  1124 
Doors,  630-633 

cross  horisontal  folding.  631 
estimating,  for  buildings,  1056 
freight  elevator,  632 
hand  and  bevel  of,  1025 
hollow  metal.  632 
hospital  and  hotel,  631 
kaUmeined  doors,  632 
metal  clad,  633 
alignum  fireproof.  633 
oflioe  building,  630 
pyrona,  632 

refrigerator,  in  cold  storage  buildinga,  631 
residence,  630 
revolving,  633 
steel,  632 
Doric  order  of  architecture,  715 
Double-layer  beam  girder.  117 

Drainage,  1245-1284;  «««  alto  Plumbing  and  drainage, 
for  ground  floors,  453 
of  roofs,  599 
regulations,  1256-1284 
Drains,  subsoil  and  trench,  1245 
Dredged  wells  for  foundations,  366 
Drills,  air  and  electric,  878 
rock,  844 
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DrinkiDc  founUiiia,  1254-1266 

I>riTiiic  riTeta,  268 

Drop  eoDstruotion,  in  concrete  work,  436 

hammers.  863 
Duehemin  formula.  467 
I>uiistaU.  H.  L..  1346 

£eeentrie  foree.  definition,  4 

Eoono  expanded  metal.  060 

Edwards,  J.  J..  1030 

ESastie  limit,  definition.  8 

EUastieity.  modulne  of.  m«  Modulus  of  elssticity. 

Electric  Hshtinc  and  illumination,  1317-1348 

appearance,  1323 

ooefllcients  of  illumination,  table,  1321 

color  value.  1328 

cos  and  sin,  taUe,  1380 

daylight    illumination,    working    intensities, 
1346 

design  of  lighting  systems,  1828 

diffusion  of  light,  1322 

distribution  ounres..  1818 
of  light,  1317 

effideney  of  system,  1820 

eye  protection,  1822 

factories,  natural  lighting  of,  1846 

general,  1317 

globes  and  shades,  1886 

height  of  lamps,  1340 

industrial  lighting.  1888 

intensities  for  various  Hsssps  of  work.  1380 
of  iUumination.  table,  1327 

light  and  illumination,  1317 

lighting  acoessories,  1334 

local  and  general  illumination,  1824 

minimum  illumination,  1344 

multiple  tungsten  lamps,  1326 

natursl  or  daylight  illumination,  1844 

office  lighting,  1886-1888 

percent  increase  jn  illumination,  1330 

quantity  and  distribution  of  light,  1326 

ratio  of  inside  to  outside  illumination,  1346 

reflectors,  1336 
ratio  between  vertioal  and  horUontal  illumi- 
nation, 1842 

residence  lighting,  1842 

selection  of  lighting  units,  1824 

sise  and  location  of  lamps,  1328 

aises  of  squares,  direct  lighting.  1382 

skylights  in  factoriea.  1847-1348 

•padng  and   mounting  heights  for  various 
units,  1822 
and  sisc  of  lamps,  1841 

types  of  lighting  systems.  1323 

uniformity  of  lighting,  1320 

units  of  illumination,  1310 

window  space,  value  of,  1346 

windows,  sise  and  location.  1846 
ESectric  lighting  equipment,  882 
Electric  Welding  Co.,  076 
Electrical  equipment,  1286-1316 

alternating-current  generators,  1202 

motors,  1202 
armored  cable,  1303 
calculation  of  d.-c.  circuits,  1206 

of  voltage  drop,  1208 
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Electrical    equipment,    oarrsring    capacity   of    wires, 

table,  1206 
cartridge  fuse,  1306 
center  of  distribution,  1300 
circuits,  kinds  of.  1280 
concealed  conduit  construction,  1316 
conductor  convertible  system  table,  1302 
current,  1286 
currents,  kinds  of,  1280 
cut-out  panels  and  cabinets.  1307 
determining  wire  for  an  installation.  1310 
distributing  systems,  1300 
effect  of  temperature  upon  resistance,  1286 
electric  circuit,  1280 
electrical  pressure,  1286 

quantities,  1286 
electrolier  switch,  1307 
electromotive  force,  1286 
enclosed  fuses.  1306 
energy,  electrical,  1286 
exposed  conduit  system.  1816 
flexible  conduits,  1302 

tubing,  1303 
fuse  and  wire  sises  for  induction  motors,  tablesi 

1304,  1306 
fuses,  1303 

heat  developed  in  a  wire,  1287 
household  appliances,  1203 
interior  wiring.  1203 
knob  and  tube  wiring,  1308 
loss  in  feeders  and  mains,  1310 
machines  and  apparatus,  1200 
Ohm's  law,  1287 
ouUet  boxes,  1808 
outlets,  number  for  one  feeder,  1810 
parts  of  a  circuit,  1300    . 
power,  1286 

protection  of  circuits.  1303 
pressure  or  voltage  drop,  1287 
resistance,  1286 
rigid  conduit.  1300 
selection  of  a  feeder  system.  1300 
single  conductor  combination.  1302 
sise  of  conduits,  table.  1301 

of  feeder  conductors,  1310 
specifications,  1311-1813 
switches,  1306 

symbok  for  wiring  plans,  1818 
three-wire  systems,  1204 
wire  measurements,  1206 
wiring  methods,  1300 

of  concrete  buildings,  1316 

table  for  direct  current  motors,  1201 
working  table  for  copper  wire.  1207 
Elevator  and  stair  work,  830-831 

early  installation  of,  830 

installation  of  ornamental  iron  with  stairs,  830 

iron  stairs,  830 

protecting  elevator  shafts  and  stairs,  831 
Elevator  doors,  632 
shafts,  643 

wells,  framing  for,  408 
Elevators,  1361-1380 
aoceasories,  1370 

automatic  or  push  button  control,  1866 
belted,  1361 
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ZSlevaton,  c«p«oity,  table,  1370  Estimmtinc  concrete  buildincB,  painting,  1057 

car  frames.  1370  paving,  1061 

awitch  centred,  1365  partiUona.  1060,  1064 

control  of  electric,  1366  plastering,  1066 

electric,  drum  and  traction,  1364  profit,  1068 

elevator  aervioe,  1371  qnantitiea,  estimating,  1046 

escalator,  1368  reinforcement,  1066 

feed  wires,  1377  nnit  cost  of,  1063 

flexible  guide  clamp  safety,  1377  roof  slabs,  1049,  1063 

ifx  masonry  material,  828  roofing  and  flashing,  1067 

freight  service,  1371,  1373  sheeting,  1066 

gravity  spiral  conveyors,  1360  stairs  and  landings.  1061,  1064 

hand  power,  1361  steam  ahovel  excavation,  1066 

rope  control,  1366  steel  sash,  1066 

horsepower,  1377  sundries,  1068 

hydraulic  elevaUnr,  1362  superintendence,  1068 

plunger  type,  1363  terra  cotta  partitions,  1066 

pumping  plants,  1364  unit  prices,  1068 

inclined.  1368  wall  beams,  1049.  1064 

inspection,  1380  watchman,  1068 

layout  features,  1369  window  sills  and  copings.  1060.  1064 
micro-levelling  elevator,  1367                                         Estimating  steel  buildings,  1028-1044 

motors  for,  1376  backfill,  1030 

passenger  service.  1373,  1374,  1376  brickwork,  1086 

safeties,  1377  carpentry,  1030 

service,  speed,  1375  corrugated  iron  or  steel,  1039 

signal  systems,  1380  disposal  of  surplus  excavation,  1030 

special  automatic  control.  1367  erection  of  structural  steel,  1034 

speed  for  passenger  and  freight  service,  1373,  1376  excavation,  1030 

steam  driven,  1362  foundation,  1028 

systems  of  cabling,  1380  'ksnsral  field  expenses,  1044 

voltage,  1376  giasing  steel  sash,  1038 

Emperger  columns,  212,  217  inspection  of  building  site,  1028 

Equilibrium  of  concurrent  forces,  9,  10  planting.  1043 

of  forces,  definition.  7  pumping  sad  bailing,  1030 

of  non-concurrent  forces,  algebraic  method,  13  roof  coverings,  1043 

graphical  method.  12  shoring,  1030 

polygon,  12  steel  sash  and  opetmton,  1038 

Equipment  for  construction;  9M  Construction  equip-  structural  steel,  1031 
ment.                                                                         Euler's  column  formula,  60  .^ 
Escalators,  1368                                                                      Evans.  Ira  N.,  on  Hasting."  ventilation,  and  power. 

Estimating  concrete  buildings.  1045-1063  1060-1177 

area  and  cube,  1046  Evans'  vacuo  hot-water  heating  system,  1126 

backfill.  1066  Excavating,  360,  811-813 

brick  work,  1066  compressed  air  caissons,  813 

carborundum  rubbing,  1062.  1064  cost  of,  1030 

columns,  1047,  1062  equipment,  811,  833-847 

ooncrete,  unit  price,  1068  estimating  cost  of,  1066 

doors,  frames,  and  hardware,  1066  open  caissons,  813 

drop  panels,  1049,  1063  protection  of  adjacent  structores,  812 

engineering,  plans,  etc.,  1067  rook  eAsavation,  812 

excavation,  1066  sheet  piling  and  shifting  soils,  812 

floor  slabs,  1049,  1063  shoring,  sheeting,  and  underpinnings,  812 

footing  excavation,  1066  steam  shovel  excavating,  811 

footings,  1046,  1062  Excavating  equipment,  811,  833-847 

forms,  unit  price  of,  1061  black  powder,  843 

formwork,  1062  buckets,  840 

foundation  walls,  1047,  1062  Bucyrus  shovel,  table.  836-836 

glass  and  giasing,  1066  ohum  drilling,  846 

granolithic  finish,  1061  olam  shell  buckets,  840 

interior  floor  beams,  1050.  1064  drill  steel  and  bits,  847 

iron  work,  1067  dynamite,  844 

job  overhead  expenses,  1068  explosives,  843 

liability  insurance,  1067  hammer  drill,  846 

masonry,  1066  hand  drilling,  844 

office  expense,  etc.,  1058  handling  bucket,  842 
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SxeaTatinc  equipment,  looomotiTe  erane,  887 

HMchine  drills,  845 

nitroclyoerin,  844 

Ohio  loeomotive  emne,  838 

orance  peel  bueket,  841 

pieke.  843 

piston  drin.  846 

rook  drills,  844 

roek  ezosvating  equipment,  843 

■ompen,  838-^840 

•hovels,  hand,  843 

steam  shovels,  833 
Expanded  metal,  967 

and  plaster  partitions,  821,  622 
Expansion  bearings  for  steel  girders.  228 

ooeffioient  <rf,  •««  Coefficient  of  expansion. 
Explodves,  84a 
Exposition  buildings,  734 
External  foroes,  definition,  2 

Factor  of  safety,  definition,  6 

Faotoriesi  foundations  for,  333 
natural  lighting  of,  1346 

Fair  park  buildings  and  grounds,  732 

Fan     truss,    stress    ooeffidents,    tables,    476,    477, 
489 

Fans,  ventilating,  1130 

Farm  buildings,  775-778 
eattle  bam,  775 
horse  bam,  778 
manure  pit,  778 
swine  bams,  778 

Felt  papers,  1019 

Fiber  stress  ooeffidents  for  beams,  90 

Fillers,  Uquid.  1016 

Filters  for  sewage,  1227,  1231 

Filtration  of  water,  1183 

Financing  a  building  project,  1067 

Fink  truss,  stress  coeffioienU,  tables,  472-475,  486-488. 
490-500 

Fire  engine  houses,  design,  724 

prevention  and  protection,  336 

Fire  protection  for  structural  steel,  337-340 
brick,  fire-resistance  of,  338 
Chicago  Building  Ordinance,  330 
ooncrete,  fire-resistance  of,  338 
effects  of  heat  on  steel,  337 
fire-resistance  of  materials,  338 
intensity  of  heat  in  a  fire,  338 
protection  of  steel  from  failure,  338 
selection  of  protective  covering,  339 
terra  ootta  tile,  fire-resistance  of,  338 
thicknefls  of  protective  covering,  339 

Fire  protection  of  concrete  reinforcement,  136 
pumps  and  engines.  1207 

Fire-resistive  column  construction,  340-342 

covering  for  cylindrical  columns,  340 
for  steel  columns,  341 
hollow  tile  columns,  342 
reinforced  concrete  columns,  340 

Fire-resistive  floor  construction,  342-346 

brick  arch  floor  construction,  344 

fire  tests,  342 

Herculean  flat  arch,  346 

hollow  tile  flat  arch,  344 

New  York  reinforced  tile  floor,  346 


PagM  1-802.  Voi.  I. 


Fire-renstive  floor  oonstruetion,   protection  of  steel 
girders,  343 
reinforced  concrete  floors,  343 
requirements,  342 
•cuppers,  343 
segmental  arches,  346 
•implex  floor  arch,  345 
terra  ootta  or  tile  floor  arches,  344 
weights  and  spans  for  end-construction  arch. 
344 
Fire  stream  data,  1190 
Fireproof  vaults,  618 
Fireproofing  floors,  397 
Fish  plate  splices,  250-252 
Fittings  for  heating.  1172-1177 

for  water  supply  pipes,  1218-1210 
Fixed  beam,  definition,  2 
Flange  angles,  splicing,  284 
plates,  117 
riveting,  184 
•plices,  183 
FUnges,  of  plate  and  box  girders,  183 
Flashing  of  roofs,  599 
Flat  roofs,  steel  framing  for,  408 
Flat  slab  construction.  434-447 

American  Concrete  Institute  ruling,  434 
brick  bearing  walls,  440 
cap  construction,  438 
capitals  and  drop  at  exterior  column,  444 
oonstruetion  joints,  444 
design  without  drop  pr  cap,  438 
drop  construction,  436 
floor  finish,  445 
future  extensions,  445 
kinds  of  ban,  444 
minimum  column  sise,  444 
narrow  buildingi,  444 
omission  of  spandrel  beams.  444 
opening!,  443 
placing  steel,  445 
pouring  columns  and  slabs,  444 
rectangular  panels,  440 
supporting  and  securing  steel,  444 
tables,  445-447 

theorem  of  three  moments,  440 
unequal  adjoining  spans,  440 
use  of  beams,  443 
width  of  bands,  444 
Flats,  steel,  definition.  95 
Fleming,  R.,  90,  270.  271.  465 
Flitch  girder,  6 

plate  girders,  177 
Floor  and  roof  framing,  concrete,  410-433 
beam  schedules,  427 
gypsum  floor-tile  construction.  426 
hoUow-tile  construction.  416 
long  span  rectangular  beams,  414 
marking  of  bent  rods,  411 
metal  floor  tile  construction,  426 
Ransome  unit  sjrstem,  431 
saw-tooth  roof  construction,  433 
slab  steel  arrangement,  410 
T-beam  design,  412 

tile  and  concrete  floors,  tables,  417-423 
unit-bilt  system,  430 
construction,  427 
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Floor  and  roof  framing,  steel.  307-410 

angle  connections.  404 

arrangement  of  girders  and  joists.  402 

ooncrete  floors,  399 

oonnections  of  beams,  to  beams  and  to  col* 
umns,  404,  406 

design  of  girders.  402 
of  joists.  402 

elevator  wells.  408 

flat  roofs,  408 

floor  construction  and  fire  proofing,  807 

monitors,  410 

pipe  shafts,  408 

pitched  roofs,  408 

aaw-tooth  skylights,  400 

•eat  oonneotiona,  405 

separators.  406 

stair  wells,  407 

tile  aroh  floors,  398 

web  connections,  406 

wood  floors,  307 
Floor  and  roof  framing,  timber,  377-301 

arrangement  of  girders,  378 

bracing  trusses  for  roofs,  384 

bridging,  377 

floor  bay  design,  370 
oonstniction,  377-382 

girders,  oonnections  to  columns  and  walls, 
878 

mill  construction,  387 

roof  construction,  383 
girders  and  tousses,  384 

saw-tooth  roof  framing,  386 

sheathing  of  floors,  377 

spans  for  mill  floors,  tables.  300.  301 

stud  partitions,  table,  381 
Floor  beams,  effect  of,  in  bridge  construction,  26 

shears  and  moments,  27 
Floor  construction  methods,  817-823 

bending  and  placing  reinforcement,  810 
centering  for  floors,  817 
fire-resistive,  342-346 
floor  arch  systems,  823 
forms  for  concrete,  818 
grinding  ooncrete  floor  surfaces,  822 
handling  concrete  materials.  825 
See  alao  Concrete  construction. 
Floor  loads,  332 

openings  and  attachments,  452-458 
Floor  surfaces,  447-451 
asphalt  floors,  451 
brick,  440 
cement  floor,  460 
ceramic  mosaic,  460 
composition  floors,  451 
cork  tile,  440 

foundation  for  tile  floors,  460 
glass  inserts  in  sidewalis,  451 
hardwood  flooring,  448 
loading  platforms,  440 
marble  moaaic,  450 

tile,  450 
ornamental  tiles,  450 
parquetry,  448 
quarry  tile,  450 
refinishing  wood  floors,  440 


Floor  surfaoei,  rubber  tiling,  460 
soft  wood  flooring,  447 
supports  for  wood  floon,  440 
terraso  finish,  461 

tile,  450 
tile,  440 

trucking  aisles,  440 
wood.  447-440 
blocks,  440 
Floon,  ground,  468 

in  mill  construction,  306 
Footings,  366-377 

concrete  raft  foundations.  376 

oontlnuous  exterior  column,  873 

heavy  wall,  366 

light  waU.  366 

multiple  slab  reninforced  concrete,  888 

pien,  366 

sunk  to  rock  or  hardpan,  376 
plain  concrete,  866 
rectangular,  370 
combined,  371 
ralof oroed  concrete  cantilever,  874 
oombined,  871 
on  piles,  876 
pier,  367 
tingle  slab  reinforced  concreta,  867 
•loped,  360 

steel  beam  and  girder,  377 
•tone  and  brick.  367 
temporary  wood,  366 
trapesoidal  oombined,  ^72 
wall.  870 
Force,  definition,  2 

diagram,  definition,  8 
elements  of,  7 
polygon,  definitioft,  0 
Forces,  moments  of,  definition,  17 

See  aUo  Concurrent  forces:  Non-ooncurrent  forcrt. 
Form  work  for  concrete,  unit  price  of,  1061 
Foundation  work,  814-816 
concreting  plant,  814 

damage  by  rainfall  and  surface  water,  814 
forms  and  reinforcement,  816 
pumping  of  excavations,  814 
waterproofing    of   foundations    and    basement, 
815 
Foundations,  847-366 
auger  borings,  347 
bearing  pressure,  gross  and  net,  866 
Breuchaud  pile,  360 
building  on  old  foundations,  351 
caissons,  pneumatic,  361-366 
cantilever  construction,  356 
characteristics  of  soil,  rock,  etc.,  348-360 
Chenowith  pile,  360 
churches,  854 
city  buildings,  864 
cofferdams,  861 
compresol  piles.  360 
concrete-pile,  360 

raft,  376 
dead,  live,  and  wind  loadal  861 
diamond  drill  borings,  348 
dredged  wells.  366 
eccentric  loading,  356 
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effect  of  dimete.  852 

eleetrolyaie,  3&5 

estimatinc  cost  off  1088 

exeavating,  860 

factories,  863 

loads  on,  360 

open  cataeons.  366 

partly  on  rock,  866 

pedestal  piles.  360 

pieiB  sunk  to  rook  or  hardpan,  876 

piles  built  in  place.  359-360 

pneumatic  caissons.  361-366 

polios-board  method,  361 

pre-csst  piles.  360 

preliminary  investisations,  347 

Raymond  pile,  860 

residences,  353 

rod  test,  347 

rust.  366 

sand-pile,  360 

simplex  pile.  360 

steel  sheet-piling,  360 

survey  of  site.  347 

teredo  and  limnoria.  destruotion  by,  366 

test  of  soU  for  bearing  capacity,  348 
pits.  348 

uneven  settlements,  allowances  for,  868 

wash  borings.  347 

water-tight  cellars.  365 

waterproofing.  362 

wooden  iiole.  366-358 
Bheet-piUng.  860 
Foundries.  789 
Fowler,  C.  E.,  62 
Frame  waUs,  614-616 

Framing,  floor  and  roof,  •«€  Floor  and  roof  framing. 
Freight  elevator  doors,  632 

tracks,  clearances  for.  800-802 
Friestedt  interlocking  channel  bar  piling,  849 
Fuel.  1165-1167 

combustion,  1156 

consumption,  1156 

smoke.  1156 

storing  and  piling  coal.  1156 
Fuller.  W.  B..  986 

Fuller,  W.  J.,  on  Splices  and  connections,  260-298 
Furnaces,  hot  air,  1113 
Furring,  for  walls,  614,  946 

Garry  Iron  and  Steel  Co.,  941,  944 
Gss  engines  for  power  generation,  1166 
Gss  fitting.  1356-1360 

diameter  of  pipes,  for  outlets,  table,  1359 

dimensions  of  standard  pipes,  table,  1356 

flow  of  gss  in  pipes,  1358 

installing  gss  pipe,  1369 

pipe,  1356 
fittings,  1357 

Pole's  formula,  1368 

testing.  1360 

tools  used  in  pipe  fitting.  1358 
Gas  lighting,  1349-1355 

oomposition  and  heating  value,  1350 

definitions,  1349 

design  of  lighting  system,  1351 

distribution  curves,  1351 
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Gss  lighting,  lamps,  1350 

radius  of  illuminated  areas,  table.  1352 
semi-direct  gss  illumination,  1354 
Gasolene  tanks.  651 

General  Fireproofing  Co..  940,  942,  944.  946,  970,  972 
QF  expanded  metal,  970 

Gilman,  H.  L.,  on  Industrial  plant  layout,  778-793 
Girder  cap  connections,  269 

definition,  2 
Girdera,  101 

arrangement  in  floor  framing,  378 

bending  stresses.  667 

oombined  gravity  and  wind  bending  moments.  657 

oonneotions  with  columns,  257 

with  joists.  254-256 
design  of  wind  bracing,  668 
flitch- plate.  177 
plate  and  box,  182-180 
roof.  384 
•hear.  667 
trussed,  178-181 
wooden.  172-181 
5m  <iUo  Steel  beams  and  girders. 
Girts.  459 

Glass  and  glasing.  1004-1010 
acid  ground  glass,  1009 
American  and  foreign,  1004 
cathedral.  1009 
chipped  glass,  1009 
colored  glass,  1000 
colored  plate  or  structural.  1009 
crystals  or  special  sheet  glass,  1006 
cylinder  or  window,  1006 
delects  or  blemishes,  1004 
estimating.  1056 
glasing.  1009 

grades  of  cylinder  glass,  1006 
grading,  1004 

plate  glass,  1006 
ground  glass,  1009 
metal  store  front  construction,  1010 
mirrors,  1007 
opal  flashed  glass,  lOCd 
opalescent  <  *  solid  opsl  glass,  1009 
physical  properties,  1004 
polished  plate  glass,  1000 
|»ism  glass.  1008 
putty  and  puttying,  1010 
raw  materials,  1004 
rolled  or  figured  sheet  glass,  1007 
setting  glass,  1010 
sidewalk  glass,  1009 
wire  glass,  1007 
Glass,  cost  of,  1038 
in  skylights.  605 
inserts  in  sidewalks,  451 
roofs,  697 
Gordon's  column  formula,  116,  203,  206 

formula  of  stresses,  61 
Gothic  system  of  architectural  design,  712 
Goubert  steam  pile  driving  hammers,  855 
Goughenour,  C.  R.,  on  Vacuum  cleaning  equipment, 

1401-1406 
Granite,  908 
Gravity  tanks.  647-649 
Greek  orders  of  architecture,  710 
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Grey  column,  207,  200,  211,  212 
Griffith.  J.  H.,  1438 
Grillage  beams,  118 

setting,  816 
Grinders,  air  and  electric,  870 
Ground  floors,  453-464 
drainage,  453 
floor  finish,  454 
underfloor,  463 
waterproofing,  454 
Gunite,  882 

Gutters  on  roofs,  500,  1240 
Gymnasiums,  school,  761 
Gypsum  and  gypsum  products,  034-030 

classification  of  calcined  gypsum,  034 
gypsum  plasters,  034 
plaster  board,  030 
tile,  038 
wall  board,  037 
Gypsum  block  partitions,  621 
fire-resistance  of,  330 
floor>tile  construction,  420 
roof  slabs,  501 

Hall's  investigations  of  vibrations,  753 

Halls  of  fame,  design,  736 

Hammer-beam  truss,  stresses  in,  580 

Hammers,  pde,  852-855 

Hardware,  building,  1020-1020 

Hardwood  flooring,  448 

Hart  and  Grouse,  1153 

Hartford,  Conn.,  water  consumption,  table,  1101 

Hartford  Steam  Boiler  and  Inspection  Co.,  1152 

Hatchcock,  B.  D.,  1430 

Hauer,  Darnel  J.,  on  Contracts,  1008-1073 

on  Specifications,  1074-1077 
Heating,  1085-1131 

air  line  vacuum  systems,  1124 

B.t.u.  losses  of  building  materials,  1000 

climatic  conditions  in  U.  S..  tabic,  1080 

combined  beating  and  power,  1125 

comparison  of  systems,  1128 

conduction,  1085 

connection,  1085 

costs  of  different  systems,  table,  1130 

Evans'  vacuo  hot  water  system,  combined  with 
power,  1126 

flues  and  hot  air  pipes,  1114 

fittings,  allowance  for,  1150 

forced  hot  water  system,  1 106 

furnaces,  1113 

gravity  hot  water  heating,  1100 

heat  loss  by  infiltration,  1001 

heat  supplied  by  persons,  lights  and  machinery 
1002 

high  pressure  steam,  1125 

hot  air  furnace  system,  111^1116 

water   with   condensing   reciprocating   cnginet, 
1125 

indirect  heating  ssrstem.  1117-1120 

low  pressure  gravity  steam  ss^stem,  1100 

measurement  of  flow  of  fluids,  1002 

pipe  coils,  1000 

pipes,  capacity  and  pressure  drop,  for  steam,  1003, 
1102 
sise  of  return,  1104 


Heating,  pipes,  table  of  capacity,  1105 

table  of  number,  of  equivalent  area.  1 103 
piping,  principles  of,  1000 
positive  differential  system,  1 124 
pumps  for  forced  hot  water  system.  1 106 
quantity  of  air  discharged  tbtoogh  flues,  taUe.  1117 
radiation,  1085,  1004 

coefficient  of  transmissi<m  for,  1004 
radiaton,  1008-1000 
indirect,  data,  1110 
selection  of  a  system,  1120 
steam  pipes,  sise  of,  1101 
transmission  factors  for  direct  surfaoe,  taUe,  lOOS 

of  heat,  1085,  1080 
unit  fan  heaters,  1 123 
vacuum  exhaust  steam  heating.  1125 

steam,  heating,  1123 
vapor  system,  1124 
Heating,  ventilation,  and  power,  1080-1177 

boilers,  fuels,  and  chimneys,  1151-1166 
heaUng,  1085-1131 
piping  and  flttings.  1172-1177 
power,  1160-1172 

properties  of  air,  water,  and  steam,  106O-10S5 
ventilation,  1131-1151 
Hemp  rope,  884 

Hennebique  system  of  reinforcement,  076 
Herculean  flat  areh,  346 
Herron,  J.  H.,  on  Cast  iron,  010-021 
on  Steel,  022-026 
on  Wrought  iron.  022 
High  pressure  steam  heating,  1126 
Hill  Trip  Co.,  1202 
Hinge,  of  a  structure,  18 
Hinged  bolsters  for  girders,  eto.,  228 
Hinges,  1022 
Hoists,  871-  872 

l\and-operated,  872 
power  for,  871 
Hollow  building  tile,  017-010 
metal  doors,  632 
tile  columns.  342 
construction,  416 
roof  covering,  601 
Hooke*s  law,  3 

Hool.  G.  A.,  on  Bending  and  direct  stress,  concrete  and 
reinforced  concrete,  68-70 
on  Cement,  047-052 
on  Concrete  reinforcement,  058-077 
on   General    methods    of    computing  stresses  is 

trusses,  40-53 
on  Principles  of  statics,  7-17 
on  Reactions,  17-22 
on  Shean  and  moments,  22-34 
Ilorisontai  shear  in  girders,  formula,  183 

in  wooden  beams.  00 
Hospital  buildings,  744 
Hospital  doors,  631 
Hot  air  heating  system,  1113-1116 

capacities,  of  furnaces,  table,  1116 

of  pipes,  table,  1115 
designing  data,  1116 
rules  governing,  1116 
•water  heating;  «er  Heating, 
water  heating  mediums,  1261 
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Hot«l  doon,  eSl 

La  Salle,  Chicago,  eonsiruetioii,  679 
Hotala.  deMcn,  724 

lone  span  oonstruetion  in,  670 
HoviM  tanks.  61iM»l 
Houaoa.  lifthting  of.  1842 
Howard's  tesU  on  brick  plen.  1466 
Horn.  M.  A  .  tests  on  pressure  on  timber,  248,  240 
Howe  truss,  stress  ooeffioiento,  tables,  482-486,  501-504 
Humidity.  1083 
Hydraulic  date,  1 102-1  ItW 
fire  streams,  1106 
flow  of  water  in  pipes.  1108 
bead  lost  in  elbows,  etc..  1104.  1105 
loss  of  head  in  fire  hose,  teble,  1107 
pressure  of  water.  1102,  1103 
rain  leaders.  1108,  1100 
ratio  of  capacities  of  pipes.  1106 
sprinkler  systems,  1106 
standpipe  and  hose  systems,  1108 
Hydraulic  lime.  047 

rams.  1100 
Hy-rib,  072 

Ie«  manufacturing  plants,  1387-1888 

llUng.  M.  A.,  on  Tiling,  1000-1003 

Illumination,  see  Electric  lighting  and  illuminatioB. 

1  mhoff  tenks  for  sewage,  1226,  1231 

1  mpaot,  sUowance  for.  6 

Incinerator  closets,  1244 

^ndiraot  beating  system,  1117 

beat  given  up  by  radiators,  1120 

radiators,  date  on,  1110 

ventilation  with,  1117 
Industrial  buildings,  stendardised.  703-800 

advantages  of  standardised  construction,  704 

general  design,  704 

illustrations,  706 

method  of  ooostniotion,  704 

origin,  703 

types,  704 
Industrial  homes  for  women,  741 
Industrial  plant  layout,  778-703 

chemical  industries,  701 

oonduits,  786 

eranes,  786 

fire  prevention  and  protaetioa,  787 

floors,  784 

forge  shops,  700 

foundation,  784 

foundries,  780 

heating.  786 

industrial  terminals,  788 

lighting,  785 

locating  an  industry,  770 

loft  buildings,  783 

machine  shops,  700 

materials  of  construction,  788 

metal  working  industries,  780 

pattern  shops,  701 

planning  for  growth,  787 

plans,  preparation  of,  770 

power  plants,  788 

pulp  and  paper  mills,  701 

•hipping  faciUties,  780 

shoe  factories,  708      « 
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Industrial  plant  layout,  site,  selection  of,  770 

tezUle  mills.  702 

transportation,  786 

type  of  buildings.  782 

ventilation,  786 

wood  working  shops,  701 
Industrial  schools,  741 
Influence  diagram  and  influence  line,  80 
Ingersoll-Rand  sheet  pile  driver,  866 
Ingote,  definition  and  treatment  of,  06 
Inland  Steel  Co..  061 
Inner  forces,  definition,  2 
Insane  asylums,  743  . 
Institutions,  public,  m«  Public  buildings. 
Insulating  quilte,  1010 

roofs,  608 
Insulation  of  partitions,  622 

of  walls,  617 
Intensity  of  stress,  definition,  8 
International  Filter  Co.,  1186 

Motor  Co..  706 
Ionic  order  of  architecture,  716 
Iron,  cast,  010-021 
wrought,  022 


Jacoby,  Prof.,  formula,  240 
Jails.  740 

Jansky.  C.  M.,  on  Communicating  systems,  1300-1307 
on  Electric  lighting  and  illumination.  1317-1348 
on  Electrical  equipment.  1286-1316 
on  Gas  fitting.  1366-1360 
on  Gas  lighting,  1340-1366 
on  Lightning  protection,  1308-1400 
Jetting,  810 

Johnok,  F..  on  Cornices  and  parapet  walls,  624-627 
on  Doors,  630-633 
on  Office  buildings.  766-760 
on  Partitions,  610-624 
on  Walls,  600-010 
on  Windows,  627-620 
Johnson,  J.  B.,  formulas  for  wooden  columns,  107 
Johnson,  N.  C,  on  Cement  mortar  and  plain  concrete, 
078-086 
on  Concrete  aggregates  and  water,  052-067 
on  Concrete  equipment,  800-870 
on  Excavating  equipment,  833-847 
on  Hoists,  derricks,  and  scaffolds,  871-876 
on  Material  transportetion  equipment,  847-848 
on  PUe  driving,  800-811 
on  Pile  driving  equipment,  848-868 
on  Pumping  equipment,  868-860 
on  Reinforced  concrete.  086-087 
on  Steel  erection  equipment.  877-870 
on  Wood  working  equipment,  870-871 
Jsinte,  M«  Splices  and  connections  for  steel  mamben. 
Jointe,  lap  and  butt,  271-270 
computetions,  273 
design,  278 

distribution  of  stress,  272 
efficiency,  270 
failure  of,  272 
friction  in,  272 
Joist  hangers,  266 
Joiste,  steel.  402 
Jobte,  timber.  100 
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Joists,  timber,  conneotions  with  girdera,  254-256 

floor,  377 

roof,  383 

safe  loads  and   deflections,  tables,  104-107« 
109-114 
Jones  and  Laushlin  steel  sheet  piling,  850 

Kahn  mesh.  968 

system  of  reinforcement,  973 
Kalameined  doors.  632 
Keene's  cement,  934 

Kern.  LeR.  E.,  on  Glass  and  glasing,  1004-1010 
Ketohum,  M.  8.,  400 
Kewanee  Private  Utilitiet  Co.,  1206 
Kidwell.  Eo  174 
King,  F.  R..  1254 

on  Plumbing  and  drainage  regulations,  1250-1284 

on  Public  comfort  stations,  769-775 

on  Waterless  toilet  conveniences,  1232-1244 
Kinne,  W.  8.,  on  Purlins  for  sloping  roofs,  189 

on  Roof  trusses.  454-588 

cm  Unsymmetrical  bending,  79-94 
Kirchoffer,  W.  G..  on  Sewage  disposal,  1220-1231 

on  Water  supply  data  and  equipment,  1178-1219 
Knight,  W.  J.,  on  Concrete  floor  and  roof  framing,  410- 
433 

on  Reinforced  concrete  beams  and  slabs,  127-171 
Kolbirk's  tests  on  wood  screws,  239 
Kommers,  J.  B.,  40 
Krenger's  tests  on  brick  piers.  1437 

Lacing  on  steel  c<dumns,  207 
Lackawanna  Steel  Co.,  977 
Lackawanna  steel  sheet  piling,  850-851 
Lag  screws,  232,  236 

lateral  resistanoe,  240 
Lally  columns,  98 
Laminated  floors,  389 
Lap  joints,  271-279 

Lateral  resistance  of  nails,  screws  and  bolts,  282-944 
support  for  wooden  beams,  100 
of  compression  flange.  116 
Lath,  metal.  939-947 
Lathing,  wood  and  metal,  9e9'undtr  Lime,' lime  plaster, 

and  lime  mortar. 
Lattice  on  steel  columns,  207 
Lavatories,  1250 
Lead  rooflng,  595 

waste  pipe,  1247 
Leaders,  601 
Ledges  on  walls,  611 
Lever  arm  of  a  force,  7 
Liability  insurance,  estimating,  1057 
Lichty,  L.  C.  1085.  1089 
Lighthipe.  W.  W.,  on  Elevators.  1361-1380 
Lighting,  electric,  see  Electric  lighting  and  illumination, 
equipment,  882 
gas.  1349-1355 
Lightning  protection.  1398-1400 
electrical  conductors,  1398 
lightning  rods.  1399 
nature  of  lightning,  1398 
Lime,  lime  plaster,  and  lime  mortar,  926-980 
hardening  of  lime  mortar,  927 
laid  off  work,  929 
lime  mortar.  928 
mMal  lathing,  920 
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lime,  lime  plaster,  and  lime  mortar,  notes  on  {dasAcr- 
ing.  928 
proportions  for  lime  plaster,  927 
quick  lime,  926 
resistanoes  of  piers  with  dlflferent  mortan. 

928 
■and  flnish,  980 
■taking  quick  lime.  927 
Ihree-eoat  work,  020 
use  of  lime  proilucts  in  cement  mortar,  028 
uses  of  lime,  plaster  and  mortar,  927 
white  coating,  930 
wood  lathing,  929 
Limestones,  910 

Line  of  action  of  a  force,  definition,  7 
Lintels,  cast-iron,  123-126 
Lith  partitions,  622 
Live  load,  definition,  3 
Load,  dead,  definition,  2 
live,  definition,  8 
total  definition,  3 
working  or  safe,  6 
Loads,  conoentrated,  shears  and  momenta,  32 
for  timber  joists,  Ubles.  104-107.  10»-114 
for  wooden  columns,  197 
moving,  shears  and  moments.  28.  29 
on  rods,  see  Puriins  for  sloping  roofs. 
Looks,  1021 
Lockups,  739 
Locomotive  cranes,  837 
Long  span  construction,  669-676 
Longitudinal  monitors.  607 
Lord.  Prof.,  209 

Los  Angeles  Building  Ordinance.. formula  for  long  col- 
umns, 218 
Water  Co..  1182 
Immber,  classification  of,  890 
for  concrete  forms,  818 
measurement  of,  808 
8e§aUo  Timber. 
Luten  truss,  976 

McCausland*8  tests  on  brick  piers.  1435 
MoDaniel,  A.  B.,  985 
MoGregor's  tests  on  brick  piers.  1435 
MoKieman-Terry  pile  hammers,  855 
Machine  bolts,  282.  237 

shops,  790 
Machines  for  dressing  stone,  907 
Mack's  cement,  984 
Mail  chutes,  680-681 

deUils,  681 

requirements,  680 
Manoy,  Q.  A.,  40 
Manila  rope,  884 
Marani,  V.  Q.,  988 
Marble  mosaic  floors,  450 
tile  floors.  450 
work,  832 
Marbles,  910  ^ 

Marvin.  Prof.,  fonnula  of  wind  loads,  466 
Masonry  arches,  299-304 

algebraic  method  of  determining  preasure,  304 

brick  arches.  800 

definitions,  299 

depth  of  keystone,  200 
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Masonry  arohei,  delermininc  line  of  jweiBure,  301 
external  forces,  301 
forms  of  arohes.  300 

srmphical  method  of  determining  pressure,  303 
M«soory,  bearing  plates  and  bases  on,  227-220 
estimating  cost  of,  1056 
stone,  strength  of,  1441-1442 
walls,  flOO 

Set  aUo  Biiok  work.  Stone  work. 
Material  transporting  equipment,  847-848 
auto  trucks,  848 
wagons,  847 
wheelbarrows,  847 
Materials.  buUding,  887-1026 
Mauaoleums,  736 
Maximum  moment,  24 

shear,  24 
Mayers,  Clayton  W.,  on  Estimating  concrete  buildings, 

1045-1063 
Mechanical  refrigeration.  1381-1389 
Mechanical  trades.  829-830 

finishing  plumbing.steam,and  electrical  work,830 
importance  of  pipe  drawings,  829 
plumbing  work,  829 
sequence  of,  on  building  operations,  829 
Meier,  Henry  C,  1143,  1145,  1146 
Member,  definition,  2 
Memorial  buildings,  736 
Metal  clad  doors,  633 

floor-tile  construction,  426 
Metal  lath,  939-947 

corrugated  lathi  943 
diamond  and  rectangular  mesh,  940 
expanded,  940 
furring,  946 
seneral  uses,  946 
integral  lath,  944 
kinds,  939 
ribbed  lath,  942 
■heet  lath,  946 
weight  and  gage,  947 
wire  lath,  946 
Metal  shingles,  593 

store  front  oonstruetioo,  1010 
tile  roofing,  597 
Metager.  Loui^,  diagram  for  spacing  rivets,  267 
Military  buUdings,  735 
Mill  buildings,  wind  bracing  of,  661 
construction.  387-397 

See  aleo  Slow-burning  timber  mill  construction. 
Mineral  wool,  1020 
Mixers  for  concrete,  862 
Modulus  of  elasticity,  definition,  3 

ratio,  in  combination  members,  6 
of  rupture,  definition,  5 
Moment,  bending,  22 
maximum,  24 
of  a  couple,  definition,  8 
of  a  force,  definition,  7 
Moments,  22-34 
determining,  26 
of  forces,  definition,  17 
0  See  alao  Shears  and  moments. 

Monitors,  framing  for,  410 
longitudinal,  607 
tnmsTerse,  607 


Moore,  Lewis  E.,  on  Neutral  axis  in  a  plate  girder,  97 

Moore,  Prof.,  207 

Morris,  C.  T.,  on  Bearing  plates  and  bases,  227-229 

on  Bending  and  direct  stress,  wood  and  steel,  64-68 

on  Steel  columns,  206-209 

on  Tension  members,  229-231 
Mortar  for  brick  walls,  611 
Moulton.  A.  G.,  on  Brick  work,  827-829  , 

on  Elevator  and  stair  work,  830-831 

on  Excavating,  811-813 

on  Floor  construction,  817-823 

on  Foundation  work,  814-815 

on  Meohaniral  trades,  829-830 

on  Preparation  of  site.  807-809 

on  Sequence  of  finishing  trades,  831-832 

on  Stone  work,  825-827 

on  Structural  steel  work,  815-817 

on  System  and  control  in  building.  803-807 
Moving  loads,  shears  and  moments,  28,  29 
Multiple  beam  girders,  117 
Municipal  buildings,  design,  723 
Music  halls,  design,  734 

Nails.  231 

'  estimated  quantities,  1039,  1042 

lateral  resistance.  232 

resistance  to  withdrawal,  244 

safe  working  value,  239 

tables,  232-235 
National  Board  of  Fire  Underwriters,  388 

Briok  Manufacturers'  Assoc.,  tests  on  brick  piers, 
1430-1438 

Concrete  Co.,  976 

Education  Association,  report  on  school  buildings, 
758 

Electrical  Contractors'  Assoc.,  1313 

FireproofingCo.,  344 

Lime  Manufacturers*  Assoc.,  1436 

Lumber  Manufacturers  Asaoe.,  387,  889 

steam  pile  hammers,  855 
Negative  moment,  23 
definition,  7 

shear,  22 
New  England  Factory  Mutual  Insurance  Co.,  332 
New  York  reinforced  end-construction  arch.  346 
Niagara  Hydraulic  Engine  Co.,  1200 
Nolan,  Thomas,  1442 

Non-concurrent  foroes,  composition  and  equilibrium, 
12-16 
definition,  7 
Non-coplanar  forces,  definition,  7 
Normal  schools,  731 

North  Western  Expanded  Metal  Co.,  941,  944,  969, 972 
Notation  used  in  Handbook,  1407 

Ofllce  building  doors,  630 
Office  buildings,  765-769 

arrangement  of  offices,  766 

column  spacing,  768 

floor  finish,  766 

general  design,  769 

office  requirements,  767 

pipe  and  wire  shafts,  766 

plan,  general,  768 

story  heights,  767 

toileto,  765 
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Office  buildinaB,  tjrpe  of  oonstructioa.  766 

wire  moldB,  766 
Ohio  locomotive  crane.  838 
Open  air  theaters,  735 
Orders  of  architecture,  713 
Origin  of  moments,  definition,  7 
Ornament,  Gothic,  713 

Renaissance,  721 
6rnamental  roof  trusses.  679-688 
Outer  forces,  definition,  2 

Owen,  A.  F.,  on  Clearances  for  freight  tracks  and  auto- 
mobiles. 800-802 

on  Floor  openings  and  attachments,  452-453 

on  Floor  surfaces,  447-451 

on  Ground  floors,  453-454 

on  Retaining  walls,  682-690 
Oxy-gas  cutting  and  welding  equipment,  883 

Page  Woven  Wire  Fence  Co.,  966 
Paint,  stain,  varnish,  and  whitewash,  1011-1018 
application  of  paint,  1013 
chemical  stains,  1016 
color  pigments,  1012 
composition  of  paints,  1011 
definitions  of  terms  relating  to  paint  specifica- 
tions, 1017 
driers.  1013 
drying  oils,  1012 
fillers,  1016 

hand-mixed  paint,  1013 
inert  pigments,  1012 
oil  stain.  1015 
paint  as  a  structural  material,  1011 

vehicles.  1012 
painting  brickwork,  1014 

concrete,  stucco,  and  jdaster,  1014 
galvanised  iron,  and  copper,  1015 
paints  for  interior  walls,  and  steel,  1014 
pigments,  1011 
properties  of  paint  films.  1011 
ready-mixed  points,  1013 
special  paints,  1013 
stain,  1015 
standard  formulfu,  spedfioations,  and  tests, 

1018 
test  for  paints,  1011 
thinners,  1013 
varnish,  1016 

water  and  spirit  stains,  1015 
white  lead  pigments,  1011 
whitewash,  1018 
Painting  by  compressed  air.  880-881 
cost  of,  1043 
estimating  cost  of,  1067 
Parabolic  type  formula  for  columns,  206 
Parapet  walls,  598,  611,  626-627 
Parchment  papers,  1019 
Park  buildings,  734 
Parquetry  flooring,  448 
Partitions,  619-624 
brick,  619 

cold  storage  buildings,  622 
concrete,  620 
deadening,  617,  622 
expanded  metal  and  plaster,  621,  622 
finishes  for,  623 


Partitions,  gsrpsum  block.  621 
lith.  622 

mill,  slow-burning,  and  fireproof  bmklin0ii  619 
non-fireproof  buildings,  621 
plaster  board,  622 
tUe,  620 
toilet  room,  6^ 
wall  board,  622 
wood  and  plaster,  621 
Party  walls.  616 
Paul  pumps,  1201,  1206 

Peabody,  Arthur,  on  Architectural  design,  711-722 
on  Architectural  practice,  1064-1067 
on  Architectural  timber  work  of  roofs,  579 
on  Farm  buildings,  775-778 
on  Mail  chutes,  680-681 
on  Public  buildings,  722-747 
on  Swimming  pools,  676-680 
Pearson,  J.  C,  on  Stuooo,  930-934 
Penitentiaries,  741 
Penn  Metal  Co.,  941,  943,  945.  946 
Phelps,  Prof.  £.  B.,  1228 
Phoenix  Bridge  Co.,  tests  on  cast-iron  colnmns.  203 

Construction  Co.,  366 
Pier  construction  for  walls.  610 
Piers  and  buttresses,  305-308 

designing  for  stability,  307 
methods  of  failure.  305 
principles  of  stability,  305 
Piers,  brick,  tests  on,  1430-1438 
Pigments,  1011 
PUe  driving,  809-811 

concrete  piles,  810 
cutting  off  piles,  811 
detail  equipment.  810 
driver  leads  or  gins,  809 
engines,  809 
hammers,  809 
hand  driving,  809 
horse  driving,  809 
Jetting,  810 
pile  points,  810 
pulling  piles,  811 
PUe  driving  equipment,  848-868 
drop  hammers,  853 
pile  caps,  856 
drivers.  851 
hammers,  852 
points  or  shoes,  856 
pulling  piles,  858 
•heet  piling,  848 
steam  hammers,  853 
steel  sheet  piling,  848 
wooden  sheet  piling.  848 
PUes,  built  in  plaoe,  359-860 
concrete,  359 
pre-cast,  359 
wooden,  356-358 
Pin  connections,  293 
Pintles  in  mill  oonstniction,  398 
Pipe  coils,  1009 
drawings,  829 
shafts,  framing  for,  408 
threading  machines.  883 
Pipes  and  fittings  for  water  supply,  1214-1210 
cast-iron  pipe,  1214 
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IHpes  mnd  fittings  for  water  supply,  oonoreie  pipe.  1217 
ooet  of  layinc  pipe.  1216,  1217 
lead  eenrioe  pipe,  table,  1216 
standard  screwed  fittings,  1218-1210 

fiange  fittings,  1218 
wood  stave  pipe,  121S 
wrought-iron  pipe,  1216 
Pipes  for  heating,  <se  uridm'  Heating. 
Pipins  Mid  fittings,  1172-1177 

blow  off  and  feed  pipes.  1 174 

ooverings,  conductivity,  table.  1176 

dimensions  of  pipe,  table,  1173 

fittings  and  valves,  1174 

heat  losses  from  covered  and  uncovered  pipe, 

table,  1177 
joints  and  flanges,  1172 
pipe,  1172 

covering,  1174 
rules  for  flanged  fittings,  1178 
Pitch  of  roof,  2 
Plaster  board,  g3rp8um,  936 
board  partitions,  622 
fire-resistance  of,  880 
of  Paris,  034 
work.  832 
Plaatering  machines,  881 
Plate  and  box  girders,  182-180 
combined  stresses,  184 
determining  resisting  moment,  182 
flange  riveting,  184 
flanges.  182 

horisontal  shear,  formula,  183 
neutral  axis  of,  07 
stiffener  anglto,  183 
web  and  flange  splices,  183,  281-286 
plates,  182 
reinforcement,  184 
riveting,  188 
Plate  glass,  1006 
Plates,  steel,  definition,  06 
Plumbing  and  drainage,  1246-1284 
area  drains,  1247 
bath  tubs,  1260 
bubbUng  fountains,  1264-1266 
chemical  installations.  1249 
cold  water  consumption,  valves  and  piping,  1263 
drains,  subsoil  and  trench,  1246 
drinking  devices,  1264-1266 
fixtures,  securing  and  hanging,  1261 
hot  water  consumption  and  heating  mediums, 

1261 
house  drains,  1247 
lavatories.  1260 
lead  burning,  1240 
waste  pipe,  1247 
plumbing  fixtures,  1260 
rain  water  leaders,  1246 
roof  terminals,  1246 
sewers,  main  and  house,  1246 
showers,  1260 
sinks,  1261 

storm  water  disposal,  1246 
swimming  pools,  1261 
traps.  1248 
urinals.  1260 
▼ents,  1248 
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Plumbing   and   drainage,    waste  discharge   based  on 
water  consumption,  1247 
water-closets,  1260 
jrard  drain  and  catch  basin.  1246 
Plumbing  and  drainage  regulations,  1266-1284 
oatoh  basins,  sumps,  and  ejectors.  1276 
explanation  of  terms,  1269-1260 
floor  drains  and  fixture  wastes,  1276 
inspections  and  tests.  1280 
joints  and  connections.  1272 
miscellaneous  provisions,  1274 
outside  of  building,  1266-1260 
plumbing  fixtures,  1277 
quality  and  weight  of  materials,  1268 
repairs  and  reconstruction.  1270 
sewers  and  drains,  1261-1268 
aoU.  waste,  and  vent  pipes,  table,  1262 
suggestions,  1283 

surface  and  rain  water  connections.  1274 
toilet  rooms  for  public  buildings.  1281 
traps  and  dean-outs,  1271-1272 
within  the  building.  1260-1283 
Plumbing  work,  820 
Pneumatic  caissons,  861-366 

tanks,  1212-1214 
Poisson's  ratio,  definition,  6 
Pole  in  equilibrium  polygon,  13 
Pole,  Prof.,  formula  for  fiow  of  gas,  1368 
.  Police  stations.  730 
Poorhouses.  744 
Portland  cement.  948,  949 

standard  specifications  for,  1406 
Positive  moment,  23 
definition,  7 
shear,  22 
Post  and  girder  cap  connections,  260 
-caps,  260 
definition,  2 
Power,  1166-1172 
auxiliaries.  1171 

comparisons  of  engines  and  turbines,  1170 
oompounding,  1168 
oondensers,  1171 
condensing  water  required.  1171 
gas  engines.  1166 

impulse  reaction  type  of  turbine,  1170 
impulse  type  of  turbine,  1169 
prime  movers,  1166 
reaction  type  of  turbine,  1170 
removal  of  entrained  air.  1171 
steam  engines.  1167 

turbines,  1169 
superheated  steam.  1170 

volumes  and  pressiires  of  steam  affecting  economy. 
1169 
Power  generating  system  combined  with  heating,  112& 
plants,  788 
pumps.  1206 
saws,  870 
Pratt  truss,  stress  coefficients,  tables,  478-481 
Preparation  of  building  site,  807-809 
Pressure  tanks,  647 
Prism  glass,  1008 

Privies,  see  Waterless  toOet  conveniences. 
Prbperties  of  sections,  96 
Protection  of  structural  steel  from  fire,  337-340 
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PubUo  buildings.  722-747 

charitable  purpose  buildingB,  744 

churches,  737 

city  halls.  723 

civic  centers,  736 

club  houses,  725 

colosseums,  725 

convention  halls,  725 

court  houses,  722 

dance  halls  and  academies,  785 

detention  buildings,  739 

expositions,  734 

fair  park  buildings  and  grounds.  732 

fire  engine  houses,  .724 

homes  for  dependent  children.  744 

for  the  aged  and  infirm,  744 
hospitals.  744 
hotels,  724 

industrial  schools,  and  homos  for  women,  741 
insane  asylums,  743 

institutions  isolated  from  towns  and  cities,  746 
jails,  740 
libraries,  728 
lookups,  739 
mausoleums,  736 
military  buildings,  735 
municipal  buildings,  728 
normal  schools,  731 
park  buildings,  734 
penitentiaries,  741 
police  stations,  739 
poorhouses,  744 

public  comfort  stations.  735.  76ft-775 
railway  stations.  725 
reformatories,  741 
schools,  731 

for  deaf  and  blind.  744 
theaters  and  music  halls,  734 
tombs,  memorials,  and  halls  of  fame,  736 
town  halls,  723 
tuberculosis  sanitarium,  745 
universities,  726-731 
veterans'  homes,  744 
work  houses,  740 
Public  comfort  stations.  735,  769-775 

adequacy  of  accommodations,  771 

depositories,  774 

entrance  screen,  771 

fixtures.  774 

floor,  778 
drains,  774 

light,  773 

location  and  operation,  769 

partitions  between  fixtures.  774 

service  closet,  774 

sise,  773 

submission  of  plans,  771 

supervision  of  construction,  771 

uniform  sign  required,  771 

ventilation,  773 

walls  and  ceiling,  774 
Public  libraries,  723 

schools,  731 
Pulp  and  paper  mills,  791 
pumping  equipment,  858-860,  1199-1209 
air  lift  pumps,  1202-1205 


Pumping  equipment,   centrifugal  or  turfatne   pnsnc 
859,  1207 
city  water  lifts.  1207 
deep  well  plunger  pumps,  1201 
diaphragm  pumps,  858 
fire  pumps,  and  engines,  1207 
hand  lift  pumps,  858 
horsepower  required  to  raise  water.  1207 
hydraulic  rams,  1109 
impeller  pumps,  1202 
Indiana  air  pumps,  1203 
Kewanee  Private  Utilities  Co.  s  pump.  1206 
Niagara  rams,  table.  1201 
Paul  pumps,  1201.  1206 
power  pumps.  1205 
pressure  pumps.  869 
residential  pumping  plants.  1206 
rotary  pumps.  1202 
Bteam  cylinder  pumps.  860 

pumps.  859 
Sullivan  air  lifts.  1203 
triplex  pumps,  860 
windmills,  1208 
Pumping  of  excavations,  814 
Purdy,  C.  T..  on  Shafts  in  buildings,  642-645 

on  Stairs,  634-641 
Purification  of  water,  1182-1188 
Purlins,  189-195 

connections  to  roof  covering.  460 

definition,  189 

design  for  flexible  roof  covering,  191 

for  rigid  roof  covering,  190 
details,  450 
free  to  bend.  192 
lateral  support  by  tie  rods,  193 
load  carried  by,  189 
spacing  of,  457 
unsymmetrical  bending.  180 
Putnam  Machine  Co..  foundry,  782,  780,  780 
Putty  and  puttying,  1010 
PuBBolan,  948 
Pyrona  doors,  632 
Process  Co.,  632 

Quarry  tile  floors,  450 

Radiators.  1098 

column,  1098 

determination  of,  1004 

enclosed,  1099 

hot  water,  1098 

indirect,  data  on,  1119 

location  of,  1099 

pressed  steel,  1098 
Railroad  retaining  walls,  600 
Railway  stations,  725 
Rain  leaders,  1198,  1199,  1246 
Rankine  type  formula  for  steel  columns,  206 
Ransome  unit  system,  431 
Rayleigh  resonator,  751 
Rays,  in  equilibrium  polygon,  13 
Reactions,  17-22 

definition,  2 

determination  of,  18 
Refinite  Co.'s  water  softeners,  1188 
Reformatories,  741 
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Raffriseratioii,  mechftnical,  1381^1389 
absorption  system,  1383 
British  thermal  unit,  1381 
oold  storage  plants,  1388-1389 
compression  system,  1382 
ioe  manufacturing  plants,  1387-1388 

storage  buUdings,  1388 
latent  heat,  1381 

measurement  of  refrigerating  effect,  1381 
methods  of  application,  1386 
practical  notes,  1388 
proportioning  of  cooling  surface.  1386 
rating  of  refrigerating  machines,  1381 
refrigerating  load,  1384 

mediums,  1381 
specific  heat.  1381 
systems,  1382 
Refrigerator  doors  in  cold  storage  buildings,  631 
Regulations  for  plumbing  and  drainage,  1266-1284 
Reinforced  concrete,  986-987 

bending  and  direct  stress,  68-79 
concrete  as  fire  and  rust  protection  for  steel,  986 
notation  for,  1407 
quality,  importance  of.  987 
steel  as  a  component  materia],  986 
unit  stress  values.  987 
weight  of,  987 
working  stresses,  1443-1444 
Reixkforoed-concrete  beams  and  slabs.  127-171 
bending  reinforcement,  diagram,  167 
bond  stress,  134 

designing  tables  and  diagrams,  146-167 
fire  protection,  136 
flexure  formulas,  127 
moment  distribution.  146 
moments  assumed  in  design   of   continuous 

beams.  139 
reotengular  beams  reinforced  for  compression, 

137 
rods,  areas  of,  etc..  tables.  149-162 
safe  loads,  tables,  164-159 
shearing  stresses.  129 
■lab  design  and  reinforcement,  140 
spacing  of  reinforcement,  136 
span  length,  129 
stairs.  167-172 

strength  of  solid  slabs,  table,  160 
T-beams.  141-145 
use  of  tables  and  diagrams,  129 
wet  reinforcements.  130-134 
Reinforcement  for  concrete,  968-977 
cost.  1065 

See  also  Steel  reinforcement. 
Renaissance  style  of  architecture,  713 
Residences,  foundations  for,  363 

lighting  of.  1342 
Resisting    moments   of    wooden    beams,    table,  107- 

108 
Resolution  of  fcwoes,  definition.  7 

of  concurrent  forces,  8,  9 
Restrained  and  continuous  beams,  42-49 
Resultant  of  forces,  definition,  7 
ReUining  walls,  682-690 

angles  of  repose  of  earths,  683 
cantilever  wall.  686 

eoeffident  of  friction  of  materials.  682 
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Retaining  walls,  equivalent  fluid  pressujm.  683 
masonry,  686 
reinforced  concrete,  686 
sloping  back  fill,  688 
stability.  682 

steel  sheet  piling,  688  ^ 

structural  steel  frame  walls,  688 
supported  top  and  bottom,  687 
supporting  railroad  track,  690 
surcharge,  689 
wall  with  back  ties.  687 
weight  of  earths,  683 
Revolving  doors,  633 
Rib  metal.  971 
Ribplez.  973 
Richardson,  H.  H.,  722 
Richtmeyer.  F.  K..  1346 
Ries.  H..  on  Building  stones.  898-911 
Rife  Hydraulic  Mfg.  Co..  1200 
Rise  of  roof,  2 
Risers  of  stairs.  635 
Rivet  sets,  878 
Riveted  tension  members.  230 
Riveters  for  steel  erection,  877 
Riveting,  flange,  184 

web.  183 
Rivets,  clearance.  269,  270 

compared  with  bolts  in  direct  tension,  270 
dimensions,  261 
driving,  268 
edge  distance,  266 
failures.  269 

for  steel  membeiB,  260-271 

gage,  263 

grip.  262 

holes,  263 

kinds.  260 

loose,  268 

pitch,  263 

reduction  of  area  for  rivet  holes,  table.  276 
shearing  and  bearing  values,  269,  274 
sises,  261 
spacing.  266.  269 

stagger  of,  to  maintain  net  section,  277 
See  aiao  Splices  and  connections  for  steel  mem- 
bers. 
Roberts,  A.  W.,  On  Cast-iron  lintels,  123-126 
on  Masonry  arches,  299-304 
on  Plate  and  box  girders.  182-189 
on  Steel  beams  and  girders.  116-123 
Rock  drUb.  844 

excavation.  812 
Rocks  suitable  for  concrete  aggregates,  963 

used  for  building  stones.  899 
Roebling's  Sons  Co..  946 
Rogers.  H.  S..  on  Cast-iron  columns.  202-206 
on  Columns,  58-64 
on  Stresses  in  roof  trusses.  63-58 
Rollers,  effect  on  reactions  of  a  structure,  18 
Roman  orders  of  architecture,  721 
Roof  coverings,  see  Roofs  and  roof  coverings. 
Roof  drainage.  699-603 
catch  basins.  602 
drainage  slopes  on  flat  slabs,  602 
durability,  603 
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ttoof  drainage,  fitness,  603 
flashing,  599 

general  considerations,  602 
gutters,  599,  1246 
leaders.  601 

materials  and  workmanship,  603 
pitch  of  roof,  599 
usefulness,  602 
Roof  framing,  concrete,  410-433 
framing,  timber,  383-387 
stresses,  »ee  uruier  Roof  trusses, 
iloof  trusses.  384,  454-588 

bracing  of  roofs  and  buildings,  461 
cambered  fan  truss,  tables,  489 

Fink  truss,  tables,  480-488,  495-497 
choice  of  sections,  462 
combinations  of  loads,  408 
connections  between  purlins  and  roof  covering. 

460 
definitions,  454 
fan  truss,  tables.  476,  477 
Pink  truss,  tables,  472-475,  486-488,  490-500 
form  of  members.  463 

of  trusses.  455 
girts,  spacing  of,  459 
hammer  beam,  586 
Howe  truss,  tables.  482-485,  501-504 
joint  details,  463 
limiting  spans,  tables,  468,  459 
loadings,  404 
pitch,  456 

Pratt  truss,  tables,  478-481 
purlin  and  girt  details,  460 
purlins,  spacing.  467 
scissors  type,  681 
snow  loads,  467 
spacing,  456 

stress  coefficients,  469-604 
stresses  in,  5d-58 
weight,  466 

estimated,  637 
weights  of  materials,  table,  464 
wind  coefficients,  tables,  498-504 

load,  466 
Roof  trusses,  arched,  660-578     • 

bracing,  578 

design  of  members  and  joints,  676 

form  of,  569 

hingeless  arches,  668 

loading  conditions,  570 

reactions  and  stresses,  661-670 

stress  in  three-hinged,  571-575 

temperature  stresses.  566,  667 

three-hinged  arches,  562 

two-hinged  arches,  666 
Roof  trusses,  ornamental,  679-588 

analysis  of  combined  trusses.  587 

architectural  timber  work,  579 

hammer-beam,  stresses  in,  586 

joint  details,  588 

stresses  in  a  scissors  truss,  681 
Roof  trusses,  steel,  525-541 

bracing,  design  of,  541 

compression  members.  530 

design  of  members.  529 

joints,  design  of,  532 


Roof  trusses,  steel,  loadings.  526 
minor  details.  636 
purlins,  design  of.  527 
sheathing,  design  of.  626 
stress,  determination  of,  in  membcfB,  527 
tension  members.  630 
top  chord,  design  of*  for  stress,  537 
type  and  form,  626 
Roof  trusses  with  knee  braces,  542-658 

bracing,  design  of,  566 

design  of  members  and  columns,  560 

girts,  design  of,  665 

joints,  design  of,  554 

stress  determination,  542,  548 
Roof  trusses,  wooden,  506-524 

bottom  chord  tension  member,  500 
compression  web  members.  509 
design  of  members,  500 

of  sheathing,  rafters  and  purlins,  507 
general  drawing.  524 
joint  details  for  trusses  with  built-up  mrmbm, 

623 
joints,  design  of,  511 
purlin  connections,  details.  523 
stress,  determination  of,  in  members,  607 
top  chord  member,  500 
vertical  tension  rods.  510 
weight,  estimated,  524 
Roofing,  estimating  cost  of,  1057 
Roofs,  determining  reactions  of  trusses,  19 
in  mill  construction,  396 
sloping,  purlins  for,  189-195 
steel    framing   for,    see  Floor   and  roof  fnmiac. 
steel. 
Roofs  and  roof  covering,  588-698 

asbestos  corrugated  sheathing.  606 

protected  metal,  695 
cement  tile,  696 
clay  tile,  696 
climatic  conditions,  589 
concrete  slab  deck,  590 
condensation  on  roofs,  597 
conditions  of  design,  580 
copper  694 
cornices,  698 
corrugated  steel,  695 
cost  of  coverings,  1043 
fire  risk,  590 
glass,  697 

gypsum  composition,  501 
hollow  tile,  591 
insulating  roofs,  598 
lead,  595 
metal  tile,  697 
parapet  walls,  698 

precautions  in  design  and  erection,  500 
'  prepared,  696 
reinforced  gypsum,  591 
roof  decks,  690 
selecting,  588 
shingles,  692 
slag  or  gravel,  606 
slate,  693 
tin,  593 
wood,    692 
sine,  504 


Pagea  1-802,  Voi.  I.    Pages  803-1444,  Vol.  II. 

XXII 


INDEX 

Rope,  oottoo,  manila,  and  wire,  884  Soiaeon  true*,  eireaeee  in,  581 

Rubber  tile  floora.  460  Scrapers,  838-840 

Rupture  strees,  definition,  3  Sorewe,  231,  236 

lateral  resistanoe,  232,  239 
Safe  load,  definition,  6  reoietance  to  withdrawal,  244 

Safety  deposit  vaults.  619  Beat  connections,  405 

factor  of,  5  Beaton,  M.  Y.,  on  Paint,  stain,  varnish,  and  whitewash, 
Band  for  concrete,  956  1011-1018 

Sandstones,  900  Sections,  steel  and  wood,  properties  of,  96 

Sanitarium,  tuberoulosis,  745  Self-sentering,  972 

Saville,  C.  M.,  1190-1192  Separators  for  steel  beams,  117,  118 
Saw-tooth  roof  eonstruotion,  oonerete,  433  in  steel  framing,  406 

roof  framing,  385  Serginsky,  I.  V.,  1100 

skylights.  607  Sewage  disposal,  1220-1231 
steel  framing  for,  400  broad  irrigation,  1228 

Saws,  power,  870  collection  and  flow  of  sewage,  1220 

ScalTolding,  828  composition  of  sewage.  1222-1223 

SoaffoMs,  878-878  contact  filters.  1227 

fixed.  875  cost,  1221 

horse.  876  deUils,  1221 

outrigger,  876  dilution,  1224 

pole,  875  Dortmund  tank,  1220 

suspended,  875  filters.  1227.  1231 

Sohool  planning,  754-765  ImhofF  Unks,1226,  1231 

auditorium,  762  inspeetion  and  control  of  plants,  1230 

buikUng  laws  of  states,  754  limiting  grades,  1221 

measurements,  758  materials  used  for  sewers,  1220 

chemical  laboratory,  762  population  served  by  sewers,  table,  1220 

obss  rooms,  750  processes  of  purification,  1224-1231 

x>mmercial  high  schools,  756  screening,  1224 

oontinuation  classes,  757  aedimentation,  1224 

corridors,  760  eedimentation  tank,  1226 

educational  surveys,  764  selection  of  method  of  treatment,  1229 

fire  protection,  765  septfo  tanks,  1225,  1230 

flag  pole,  765  else  of  sewers,  1220 

gardens,  765  slow  sand  filters.  1227 

Qary  plan,  755  sprinkling  filters,  1227 

gymnasiums,  761  eub-surface  filters,  1227 

height  of  buiklings,  757  tank  treatment.  1224, 1230 

intermediate  schools,  766  U.  8.  Public  Health  Service  design,  1228 

junior  high  schools,  756  variations  of  flow,  1221 

kindergartens,  761  workmanship,  1221 

laboratories  and  class  rooms,  763-764  Sewers,  main  and  house,  1245 
library,  762  regulations.  1261-1268 

manual  training  schools,  756  Shafts  in  buildings,  642-645 
offioes,  764  dosed.  642 

one-story  schools,  757  elevator,  648 

orientation  of  buikiing,  759  kinds,  642 

part-time  classes,  757  open,  642 

physical  laboratory,  763  stairway  enclosures.  642 

play  grounds.  765  Shapes,  steel.  95-98 

primary  schoob,  755  Shear,  definition,  4 
program  of  studies,  754  horiaontal,  in  wooden  beams.  99 

school  organisation,  755  of  oast-iron  linteb,  124 

senior  high  school*  756  of  steel  beams,  115 

sites,  754  pin  splice,  253 

stairways,  761  Shearing  stresses  in  reinforced-concrete  beams,  129 
standardisation,  765  in  T-beams,  143 

swimming  pools,  762  Shears  and  momenta,  22-34 
toilet  rooms,  761  absolute  maximum  moment.  34 

vocational  schools,  757  concentrated  load  systems,  32 

wardrobes,  760  definition,  22 

wider  use  of  school  buildings,  757  diagrams,  28 

Schools,  for  deaf  and  blind,  744  effect  of  floor  beams  in  bridge  construction,  26 

industrial.  741  influence  lines,  30 

puUic,  781  maximum  moment.  24 
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^eara  and  moment*,  maximum  shear,  24 
with  floor  beams,  33,  34 
'without  floor  beams,  32 
moment  determined  graphically,  25 
moving  uniform  load,  29 
single  concentrated  moving  load,  28 
Sheathing  for  frame  walls,  615 
of  floors,  377 
roof,  383 

papers,  felts,  eto.,  1018-1020 
Sheet  metal  wallst  615 

piUng,  360 
Shingles,  502 
waU,  615 
Shoe  factories,  708 
Showers,  1250 

Shrinkage  stress,  definition,  6 
Siding  for  frame  walls,  615 
Simple  and  cantilever  beams,  34-41 

beam,  definition,  2 
Sinks,  1257 
Simpson,  Russell,  249 
Site,  preparation  of,  807-809 
Sised  timbers,  100 

Skylights  and  ventiktors,  603-608,  1347-1348 
box  skylights.  607 
corrugated  glass  sheets,  606 
flat  glass,  606 
general,  603 
glass,  605 
inserts  in  concrete  slabs,  and  in  tile,  605 
tUe.  605 
in  plane  of  roof,  605 
longitudinal  monitors,  607 
not  in  plane  of  roof,  607 
saw-tooth  construction,  607 
translucent  fabric,  606 
transverse  monitors,  607 
Slab  steel  oonstruction,  410 
Slabs,  reinforced  concrete.  140 
Slate,  911 

roofs,  593 
tests  for,  906 
Slope-deflection    method    of    determining    moments, 

214 
Slow  burning  buildings,  partitions  in,  619 
Slow-burning  timber  mill  construction,  387-397 
anchoring  steel  beams,  396 
basement  floors,  397 
beam  arrangements,  395 
columns  and  walls,  396 
floor  details,  395 
pintles  over  columns,  393 
rigidity  of  connection,  394 
roofs,  396 
Smith,  G.  S.,  466 

formula  for  wooden  columns,  197 
Smith,  H.  B.,  Co.,  1153,  1154 
Smith,  Stewart  T.,  on  Mechanical  refrigeration,  1381- 

1389 
Smith,  T.  A.,  277 
Smulski,  Bklward,  45 
Snow  load  on  domes,  699 

on  roofs,  467 
SoU.  kinds  of.  349-350 
Sound.  •««  Acoustics  of  buildings. 
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Southern  Pine  AsBOciation,  99.  103.  308 

speoifications  for  grades  of  lumber,  803,  895 
Space  diagram,  definition,  8 
Span  of  roof  truss,  definition,  2 
Specifications,  1074-1077 
city  codes,  1077 
contract  kept  secret,  1076 
definiteness,  1074 
forms  of,  1074 
material  standards,  1076 
penalties,  1076 

schedules  of  materials  and  work,  1076 
sheets  for,  1077 
Spikes,  231 

resistance  to  withdrawal,  244 
Splices  and  connections  for  steel  memben.  280-208 
beam  connections,  limiting  values  of,  287 
beams,  gages  and  dimensions,  table,  266 
bolts,  260,  271 

channels,  gages  and  dimensions  for,  266 
dearance  for  the  die  on  riveter,  360,  270 
compression  members,  279 
connection  angles,  285 
cotter  pins,  table,  298 
cover  plates,  splicing,  285 
design  of  joints,  278 
dimensions  of  rivets,  281 
driving  of  rivets,  268 
eccentric  connections,  280 

avoiding,  292 
efficiency  of  a  joint,  279 
failure  of  joints,  272 

of  rivets.  269 
flange  angles,  splicing,  284 
friction  in  joints,  272 
grip  of  rivets  and  bolts,  262 
joint  computations,  273 
joints,  lap  and  butt,  271-272 
location  of  rivets,  263 
loose  rivets,  268 

lug  or  clip  angles  in  connections,  288 
net  sections,  275 
pin  connections,  293 

packing,  clearance,  grip,  holes,  etc.,  297 
plates,  296 
pins,  bearing  values  and  bending  moments. 

Ubles,  295 
idate  girder  flange  splices,  2284 

web  splices,  281 
recessed  pin  nuts,  table,  298 
reduction  of  area  for  rivet  holes.  276 
requirements  for  a  good  joint.  203 
rivet  holes.  263 
rivets  and  bolts,  260-271 

▼8.  bolts  in  direct  tension.  270 
shearing  and  bearing  values,  of  rivets,  260, 

274 
sises  of  rivets.  261 
spacing  of  rivets,  266 
splices  in  trusses,  279 
splicing  cover  plates,  285 

flange  angles.  284 
stagger  of  rivets  to  naintain    Q«t  seotioa, 

table.  277 
stress  in  joints.  272 
tension  members,  280 
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fik^oes  and  oonneetions  for  wooden  memben.  231-260       Steel,  elementi  in*  022-028 

bolted  fish  plate  splice,  260  factor  of  safety  of.  6 

bolted  steel  fish  plate  splioe,  261  forsinss,  926 

bolts,  232  manufacture,  methods  of,  023 

oompariaon  of  tension  spliees,  268  rolled  shapes,  024 

oompreasion  splices,  264  steel  lumber,  026 

oonnection  of  joist  to  steel  girder,  266  stress-deformation  curve  for,  4 

oonneotions  between  columns  and  girders,  structural,  examination  of,  026 

267  preaaed,  026 

between  joists  and  siiders,  264-266  Sm  aUo  Structural  steel. 

Joist  hangers,  266  uniform  specifications,  026 

Joists  framed  into  girders,  266  See  aUo  Concrete  reinforcement, 

lateral  resistance  of  nails,  etc..  232-244  Steel  beams  and  girders,  116-123 

modified  wooden  fish  plate  splioe,  260  beams  with  cover  plates.  117 

nails,  231  bending  moment,  116 

post  and  girder  cap  connections,  260  buckling  of  web,  116 

resistance  of  timber  to  prvuure  from  eylin-  deflection,  116 

drieal  metal  pin,  248  double-layer  beam  girders,  117 

to  withdrawal  of  nails,  etc.,  244  grillage  beams,  118 . 

Borews,  231  lateral  support  of  compression  flange,  116 

shear  pin  splioe,  263  usultiple  beam  girders,  117 

steel-tabled  fish  plate  splice,  262  wfe  end  reaction  and  interior  load,  116 

tabled  wooden  fish  phtte  splice,  261  .    ahear,  116 

tenon  bar  splioe,  262  strut-beams,  118 

tension  splices.  240  tie-beams,  117 

washers  for  bolts,  246-248  Set  alao  under  Splices  and  connections  for 

SplicM,  web  and  flange,  183  B^^  members. 

Splicing  flange  angles,  284  Steel  buildings,  estimating,  1028-1044 

Sprinkler  systems,  1106  Steel  columns,  206-200 

tanks,  646  caps  and  bases.  200 

Stains,  1016-1016  combined  with  concrete,  200 

chemical.  1016  forms  of  cross  section.  206 

oil,  1015  formulas,  206 

water  and  spirit,  1016  lattice  or  lacing,  207 

Stair  wells,  framing  for,  407  slenderness  ratio,  200 

work.  830-831  splices.  200 

Stain,  634-641  stay  plates,  200 

balustrades  and  hand  rails,  680  Steel  construction,  floor  and  roof  framing,  307-410 

definitions,  634  splices  and  connections  for,  260-208 

enclosures.  630,  642  Steel  erection  equipment,  877-879 

lanHingB  and  winders,  630  Air  f^d  hand  dolljrs,  877 

locations,  638  drills,  878 

materials,  details,  and  construction,  640  riveters,  877 

reinforced  concrete,  167-172  ohipping  tools,  air,  878 

risers  and  treads,  636  cutting  wheels,  879 

width  and  number,  636  electric  drills,  878 

Stairway  enclosures.  630,  642  grinders,  air  and  electric,  879 

Standardised  industrial  buiklings,  793-800  rivet  sets,  air,  878 

Standpipe  and  hose  systems,  1108  Steel  reinforcement,  bending  and  placing,  810    , 

Statically  determinate  structure,  definition,  3  See   alao  Reinforced  concrete;  Reinforcement  for 

indeterminate  structure,  definition,  3  concrete. 

Statics,  definition,  7  roof  truss,  detailed  design,  625-541 

principles  of.  7-17  sash,  estimating,  1066 

Steam  engines  for  {>ower  generation,  1167  glasing,  1038 

hammers,  863  sections,  beams  and  properties  of,  06 

heating,  »ee  Heating.  Steel  shapes,  06-08 

quality  of,  1083  columns,  08 

shovel  excavating,  811  definition,  06 

shovels,  833  manufacture  of,  06 

superheated,  1083  struts  and  ties,  08 

thermal  and  physical  properties,  1081-1082  Steel  wire  gage,  table,  063 

Steel.  022-026  Steelorete,  067-068 

oUoy.  024  Sterrett,  H.  R.,  1360 

carbon,  028  Stiffener  angles,  183 

castings,  024  Stiffness,  definition,  6 

coefficient  of  expansion,  6  Stokers,  mechanical,  1166 
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Stone  masonry,  strength  of,  1441-1442 
Stone  work,  825-827 

handling  stone,  826 
pointing,  827 
precautions,  827 
preventing  stains  on,  826 
setting,  826 

use  of  building  stones  and  stone  masonry,  825 
Stones,  building,  898-^11 
Storage  of  water,  1209-1214 
Stovall,  Dr.  W.  D.,  1254 

Straight-line  tjrpe  formula  for  columns,  203,  206 
Strain,  definition,  3 
Stress  and  deformation,  8-0 
curves  of  materials,  4 
Stress,  bending  and  direct,  concrete  and  rainforoed  con- 
crete, 68-79 
compression  over  the  whole  section,  70 
tension  over  part  of  section,  70 
theory  in  general,  68 
Stress,  bending  and  direct,  wood  and  steel,  64-68 
bending  due  to  transverse  loads,  64 
eccentrically  loaded  columns.  67 
general,  64 
Stress  data  for  roof  trusses,  469-504 

diagrams  and  formulas  for  domes,  701-707 
fiber,  90 

of  girders,  101 
in  roof  members,  determination  of,  607,  527 
Stresses,  definition,  2, 3 

for  wooden  beams,  00 
Stresses  in  roof  trusses,  58-58 

algebraic  method  of  sections,  53 
graphical  method  of  joints,  54 
kinds  of  stresses,  53 
loads,  53 

methods  of  equations  and  ooefiioients,  54 
reactions,  53 

wind  load  stresses  by  the  graphical  method,  56 
Stresses  in  trusses,  computing,  4&-53 
algebraic  treatment,  50 
graphical  treatment,  52 
methods  used,  49 
Stresses,  roof,  sse  under  Roof  trusses. 
Strings  in  equilibrium  polygicm.  13 
Structural  steel,  costs,  1031 

fire  protection  of,  337-^340 
specifications  for,  1409 
See  aUo  under  Steel. 
Structural  steel  detailing,  310-321 
assembling  marks,  314 

drafting  room  organisation  and  procedure,  810 
layouts,  riveted  connections,  312 
ordering  material,  311 
shop  detail  drawings,  312 
typical  detail  drawings.  314-320 
Structural  steel  work,  815-817 

bolting  and  plumbing  of  superstructure,  817 
cycle   of  erecting  operations   with  derricks, 

816 
equipment  for  erecting  steel  frame  buildingSt 

816 
locating  derricks  for  erection,  816 
power  for  derricks,  816 
riveting,  817 
setting  grillages,  815 


Structural  terra  cotta,  017-019 
dense,  918 

hoUow  tile,  kinds  of.  017 
manufacture,  917 
pOTous,  918 
semi-porous,  018 

sises  and  weights  of  hollow  tile.  018 
tests  of  hollow  building  tile.  919 
of  tile  walls.  919,  1439 
Structure,  definition,  2 
reactions  of,  17-22 
Strut-beams,  118 
definition,  2 
Struts,  properties  of,  98 
Stucco,  930-934 
finishes.  933 

importance  of  good  design.  980 
machines.  881 
materials.  982 
mixing.  932 
mortar  coats,  932 
structure,  931 
tools,  932 

types  of  stuooo.  934 
Studding  for  frame  walls,  615 
Sullivan  rock  drills,  846 
Support  for  wooden  beams,  lateral,  100 
Surfaced  timbers,  100 
Surfacing  machines,  881 
Sweet.  A.  J.,  1341 
Swimming  pools,  676-680 
cable.  679 
construction,  677 
curbs.  678 
dimensions,  677 
diving  board.  678 
heating,  680 
in  schoob.  762 
ladders,  678 
lines  and  markings,  678 
linings,  678 
location,  676 
overflow  troughs,  678 
shape  of  bottom,  677 
spaces  about  the  pool,  679 
special  pools,  679 
tUe  finish,  678 

water  supply  and  sanitation,  680 
Sykes  Metal  Lath  and  Roofing  Co..  943.  945 
Symmetrical  interlock  channel  bar  piling,  850 

T-beam  construction.  412 

T-beams  in  reinforced  concrete  construction,  141-145 

Tait,  W.  S.,  on  Chimnesrs.  691-699 

on  Concrete  columns.  210-227 

on  Flat  slab  construction,  434-447 

on  Footings,  366-377 
Talbot,  Prof.,  207,  209 
Tanks,  645-651 

gasolene,  651 

gravity.     647-649 

house.  649-651 

pressure.  647 

septic,  for  sewage,  1225,  1230 

sprinkler,  645 

storage,  for  water,  1209 
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Telephone  lystema.  1300-1397 

oommon  battery  iiiterphone  ByBtems,  1397 
inataiUtion  of  ButMoriben'  aetSt  1391 
.  interoommunicatmc  telephones,  1394 
location  of  distributins  syBtemat  1390 

of  switch  board,  1390 
substation  wiring,  1393 
wiring  olassifioation.  1391 
Temperature  stress,  definition,  0 
Tenon  bar  splioe,  2fi2 
Tensile  stress,  definition,  3 
Tension,  definition,  3 
Tension  members,  229-231 

illustrative  problem,  280 
riveted,  230 
rods  and  bars,  229 
splicing,  280 
wooden.  231 
Tension  splices,  249-263 
Terra  ootta,  arohiteotural,  994-1000 
structural,  917-919 
tile,  fire  resistance  of.  338 
Terraso  finish,  461 

tile,  460 
Textile  miU  buildings,  792 
Theater  balcony  framing,  667 
Theaters,  design.  734 

ventilation  in,  1136 
Theorem  of  three  moments,  440 
Thew  shovel,  836 

Thiessen,  F.  C,  on  Fire-resistive  oolamn  oonstmetion, 
340-^42 
on  Fire-resistive  floor  construction,  342-^46 
on  Piers  and  buttresses,  306-^06 
on  Protection  of  structural  steel  from  fire,  837-340 
Thompson-Starrett  Co.,  time  schedule  for  building,  806 
Thomson,  T.  K.,  on  Foundations,  847-^66 
Three-moment  equation,  48 
Tie,  definition,  2 
beams.  117 

rod,  effect  on  reaction  of  a  structure,  18 
rods  for  purlins,  193 
Tieneman's  tests,  100 
Ties,  properties  of,  98 
Hie  and  concrete  floors,  tables,  417-423 
and  plaster  walls,  614 
arch  floors,  898 
floors,  449 
gypsum,  938 
hoUow,  917-910 
partitions.  620 
walls,  tests  on,  1439-1440 
Tiling.  1000-1003 
erasing,  1003 
glased  tiles,  1001 
grades  of  tile.  1002 
manufacture,  1000 
setting  of  tile,  1003 
trim  tiles,  1002 
unglased  tiles,  1001 
Timber,  887-898 

board  messure,  table,  894 
classification  of  lumber,  890 
composition  and  mechanical  properties,  888 
oomiveasion  on  surfaces  inclined  to  direction  of 
fibera,  248 


Timber,  deeay,  889 

defects,  effect  of,  on  strength.  889 

destruction  by  animal  life.  890 

deterioration,  889 

estimating  quantities  of  sheathing,  flooring,  etc., 
897 

factor  of  safety  of,  6 

finishing  lumber,  flooring,  ceiling,  rustic,  etc.,  895 

framing,  sises.  893 

general  characteristics,  887 

measurement  of  lumber.  893 

methods  of  seasoning,  889 

resistance  of,  to  pressure  from  bolts,  etc.,  248 

sawing  of,  890 

seasoning  and  strength,  888 

shrinkage,  888 

Southern  yellow  pine,  891 

strength  values,  892 

stress-deformation  diagram  for.  4 

treatment  to  prevent  decay,  890 

used  for  wooden  beams,  99 

working  unit  stresses,  892 
Timber  construction  tension  splices,  249 
Timber  detailing.  308>^10 

information  in  plans.  308 
listing.  323 
plans  required,  809 
scales,  309 
Timbers,  general  mechanical  properties,  1420-1429 

sised  and  surfaced.  100 
Time  schedule  in  building  operations.  803-806 
Tin  roofs.  693 
Toilet  conveniences,  waterless.  1232-1244 

room  partitions.  624 
Toilets,  public.  760-776 
Tombs,  design,  736 
Torsion,  definition,  4 
Total  stress.  3 
Town  halls,  design,  728 
Translucent  fabric  for  skylights.  606 
Transverse  monitors,  607 
Traps,  1248 
Treihds,  of  sturs,  636 
Truacon  Steel  Co.,  798 

Trussed  Concrete  Steel  Co.,  943, 944, 961, 968, 971.  972 
Trussed  girders.  178-181 
Trusses,  computing  stresses  in,  49-63 

definition,  2 

reactions  of,  20 

•  

roof.  9ee  Roof  trusses, 
splices  in,  279 
Tuscan  order  of  architecture,  714 

Ultimate  stress,  definition,  3 
Under  floors,  463 
Union  pile  hammers,  866 
Unitrbilt  system,  430 

Construction  Co.,  430,  433 

construction,  in  concrete  framing,  427 

deformation,  definition  3 

fan  heaters,  1123 

stress,  definition,  3 

stresses  for  wooden  beams.  99 
United  Electric  Co.,  1403 

United  States  Bureau  of  Standasds,  formula  lot  con- 
crete columns,  212 
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Lnited  Statee  Depi.  of  Agriculture,  formula  for  wooden 
columoB,  196,  197.  199 
Publio  Health  Service,  deaign  for  eewace  dia- 

posal,  1228 
Radiator  corpontion,  1163 
Bteel  sheet  pilixig,  849 
Univeraity  Club,  Chicaco,  conatruetion,  673 
University  of  Illinois,  experiments  on  lace  bars,  207 

tests  on  oombined  steel  and  concrete  columns.  209 
tests  on  concrete,  984 
University  of  Wisconsin,  tests  on  concrete,  984 
Universities,  design  of,  726-731 
Unsymmetrical  bending,  79-04,  189 
Urinals,  1260 

Vacuo  hot  water  heating  system,  1126 
Vacuum  cleaning  equipment,  1401-1406 

api^cation  of  air  to  vacuum  cleaning,  1401 

conductor,  1401 

loss  of  vacuum  in  pipe  and  hose,  1404 

machine,  1401 

relation  of  volume  Mid  vacuum  to  horsepowert 

1402 
use  and  abuse  of  vacuum  hose,  1406 
velocity  table,  1406-1406 
volume  and  vacuum,  1402 
Vacuum  exhaust  steam  heating,  1126 

steam  heating  ss^tem,  1123 
Vapor  systems  of  beating,  1124 
Varnish,  1016 
Vaughn.  F.  A.,  1828 
Vault  construction,  618 
Ventilation,  1131-1161 

air  friction  through  coils,  eto.,  1142 
velocities  through  ducts,  table,  1148 
washers.  1138 
automatic  temperature  control.  1138 
available  head  for  flues,  table,  1146 
combination  direct  and  indirect  system,  1136 
cubic  feet  per  minute  per  occupant,  table,  1132- 

1134 
diagram  of  friction  loss  in  ducts,  1141 
double  duct  system,  1136 
duct  and  fan  circulation,  1146 
design,  1130 
83^8tems,  1147 
equalisation  table,  1144 
fans  and  blowers,  1160 

friction,  areas,  etc.,  of  square  flues,  table,  1146 
gages  and  weights  of  pipe,  table,  1 140 
gravity  circulation,  1143 

individual  or  centralised  auxiliary  stacks,  1136 
inlets  and  outlets,  position  of,  1135 
mechanical  circulation  of  air  in  ducts,  1140 
methods,  1136 

of  air  distribution,  1138 
preheating  air  for,  1136 
quantity  of  air  necessary,  1131 
separate  ducts,  1148 
theaters  and  auditoriums,  1136 
trunk  line  ducts,  1147 
Ventilators,  608 
Vents,  1248 
Veterans'  homes,  744 
Vibrations  in  buildingB,  763 
Vulcan  Iron  Works,  drop  hammers,  863 


Wagons,  for  transporting  materials.  847 
Wakefield  pile,  848 
Waldram,  P.  J.,  1345 
Wall  board,  gypsum,  937 

partitions,  622 
shingles,  616 
Walls,  609-619 

ashlar  finish,  618 

jointing,  612 
bond  in  biiok,  611 
brick,  CIO 

and  tile,  614 

faced  with  ashlar,  612 

faced  with  cement  blocks,  614 

Bills,  611 

veneer,  616 
oonorete,  610 
corbels,  611 
curtain,  617 
damp  proofing,  614 
deadening  partitions,  617,  622 
erection,  611 

for  cold  storage  buildings,  617 
frame,  614-616 
furring,  614 
insulation  of,  617 
ledges,  611 
masonry,  above  grade,  610 

below  grade,  609 
mortar,  611 

painting  of  ashlar  work,  613 
parapet,  611 
party,  616 

pier  construction,  610 
rataining.  682-e90 
sheet  metal,  616 
stress  on  brick  work.  611 
terra  cotta  ashlar,  613 
thicknesses,  612 
tile  and  plaster,  614 

tests  on,  1439-1440 
vault  construction,  618 
wood  and  plaster,  616 
Warrington  steam  pile  hammers,  855 
Washers  for  bolts,  246-248 
Water-closets,  1260 
Water  oonsumption,  1189-1192 

apartment  houses,  1190 

factories  and  industries,  1189 

general,  1189 

institutions,  1190 

meters,  1191,  1192 

milk  condenseries,  1190 

rates  of  use  by  plumbing  fixtures,  1 191 

residences,  1189 

sohoob,  1190 

variations  in  rates  of  consumption,  1190 
Water,  properties  of,  1080-1082 
Water,  purification  of,  1182-1188 

aeration,  1183 

chemical  treatment,  1183 

disinfection  and  sterilisation,  1188 

filtration,  1183 

hardness  of  water,  1187 

impurities,  1182 

incrustation,  1186 
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"Water,    purification    of,    interpretation    of    t>acterial 
count.  1188 
rain  water  filters.  1185 
removal  of  iron  and  manganeee,  1186 
aedimentation,  1183 
aof  tenors,  1187 
sources  of  pollution,  1182 
Water,  storage  of,  1209-1214 

capacities  of  tanks  or  oisterns,  1212 
cisterns.  1211 

concrete  tanks  and  reservoirs,  1211 
heat  required  to  free  tanks  from  ice,  1214 
pneumatic  Unks.  1212-1214 
ateel  tanks  and  towers,  1210 
wooden  tanks,  1209 
Water  supply  data  and  equipment,  1178r-1219 
pipes  and  fittings,  1214 
pumping  equipment,  1199-1209 
purification  of  water,  1182-1188 
sources  of  water  supply,  1178-1182 
storage  of  water,  1209-1214 
useful  hydraulic  date,  1192-1199 
valves  and  piping,  1253 
water  consumption,  1189-1192 
See  aUo  Hydraulic  data. 
Water  supply  sources,  1178-1182 
drilled  wells,  1179 
driven  and  tubular  wells,  1180 
dug  or  open  wells,  1181 
ground  water,  1179 
infiltration  galleries,  1182 
rainfall.  1178 
springs.  1181 
surface  waters,  1182 
water  in  general,  1178 
Waterless  toilet  conveniences,  1232-1244 
chemical  closets.  1238-1242 
deep  vault  privy,  1232 
double  oompartment,  alternating  use  privy* 

1238 
dry  closets,  1242 
earth  excavation  privy,  1235 
incinerator  closets,  1244 
outdoor  privies,  1232 
portable  chemical  closets,  1242 
removable  bucket  privy,  1237 
septic  privy,  1236 
specifications  fw  privy  construction,   1232- 

1235 
wateMight  vault  privy,  1236 
Waterproofing  of  foundations,  815 
Watertown  Arsenal,  tests  for  loads  for  columns,  107 

on  concrete,  984 
Watson,  F.  R.,  on  Acoustics  of  buildings,  747-753 
Web  and  flange  splices,  183 
connections  of  beams,  406 
members  of  roof,  2 
plates,  182 
reinforcement  in  oonoreto  construction,  130-134, 

184 
riveting,  183 
Weight  of  a  body,  definition,  16 
Weights  of  building  material,  table,  464 

of  merchandise,  334 
Welded  wire  fabric,  963 
Wells,  driUed,  1179 


Wells,  driven  and  tubular,  1180 

dug  or  open,  1181 
West  Coast  Lumbermen's  Association,  99,  103,  308, 

896 
Wheelbarrows,  847 

Whipple,  Harvey,  on  Concrete  building  stone,  987-994 
White  lead  pigmentSt  1011 
Whitewash,  1018 
Wight  A  Co.,  W.  W.,  966 
Williard,  A.  C,  1085.  1080 
Wind  bracing  of  buildings,  651-662 

combined  direct  and  bending  stresses,  660 
computation  of  wind  bending  moments,  657 
design  of  column  for  combined  stresses,  660 
of  girders  and  connections  to  columns,  658 
effect  of  wind  stresses  on  columns,  660 
gravity  and  wind  bending  moments,  in  girders, 

657 
masonry  buildings,  661 
mill  buildings.  661 
path  of  stress.  652 
pressure  on  end  of  building,  601 

on  side  of  building,  662 
rectangular  bracing,  654 
resistance  to  overturning.  652 
triangular  bracing,  652 
unit  stresses,  652 
wind  iK'essure,  651 
wood  frame  buildings,  661 
Wind  loads  on  roofs,  460 
pressure  on  domes,  699 

on  roofs,  determining  reactions  of  trusses,  19 
stress  coefficients,  tables.  498-504 
Windmills,  1208 
Window  pulleys,  1024 
Windows,  627-629 

basement,  in  masonry  walls,  628 
box  frames  in  masonry  walls,  628 
casement,  627 
hollow  metal,  629 
in  factories,  1346 
sise  and  location,  1346 
steel,  628  * 

wood,  627 
Winslow  formula  for  wooden  columns,  196 
Wire  fabric  for  concrete  reinforcement,  962 
glass,  1007 
rope,  884 
Wisconsin,  contract  form  for  building,  1065 
Wisconsin  Industrial  Commission,  on  industrial  light- 
ing, 1338 
on  sise  and  location  of  windows,  1346 
Witherow  Steel  Co..  967 
Wood  and  plaster  partitions,  621 

and  plaster  walls,  615 
Wood  construction,  824-825 
camber  in  trusses.  825 
equipment,  825 
erection,  825 

methods  of  construction,  824 
storage  of  material,  824 
working  details.  824 
Wood  floor  surfaces.  447-449 
ections,  properties  of,  96 
screws,  231,  236 
lateral  resistance.  239 
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Wood  working  equipment,  870-871 

boiinc  machinoB,  871 

combination  maohines,  871 

jointers,  871 

power  saws,  870 
Wooden  beams,  98-114 

allowable  unit  stresses,  09 

bearing  at  ends,  100 

bending  moments,  table,  107-108 

capacity,  diagram  of.  102 

deflection,  100 

factors  in  design,  98 

girders,  101 

holes  for  pipes.  99 

horisontal  shear,  99 

illustrative  problems,  101 

joists,  100 

kinds  of  timber,  09 

lateral  support  for,  100 

quality  of  timber,  09 

safe  loads  and  deflections,  tables,  104-107,  109- 

114 
sised  and  surface  timbers,  100 
Wooden  columns,  196-202 
bases,  201 

built-up  columns,  197 
formulas  for,  196 
tables  of  working  unit  stresaes.  199-201 
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Wooden  columns,  ultimate  loads  for,  107 
Wooden  girders,  172-181 

built-up.  173-174 

deflection  of  trussed  girders,  181 

end  connections,  173 

horisontal  shear,  173 

illustrative  x>roblems,  180 

loads.  172 

method  of  design,  175 

solid  section,  173 

trussed,  178-181 
Wooden  roof  truss,  detailed  design,  505-624 

roofs,  592 
Workhouses,  740 

Working  estimate  in  building  operations.  806 
load,  definition,  6 
stress,  definition,  5 
Wrought  iron,  922 
Wrecking  buildings,  808 


Xpantruss  system  of  reinforcement,  977 


Yield  point,  definition,  3 
Young's  modulus,  3 

Zinc  roofs,  694 
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